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ABSTRACT
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A mixed methods approach was undertaken to develop an evidence-informed evaluation of
the public health implications of Mycobacterium avium subsp. paratuberculosis. An
assessment of the methodological quality of 132 literature reviews published 2000-2006 on
zoonotic public health issues showed a considerable need for improvement. A scoping study
on sources and routes of human exposure to M. paratuberculosis summarized 255
publications that reported prevalence or concentration of M. paratuberculosis in various
sources of human exposure. Significant risk factors for developing Crohn’s disease in
humans included consumption of processed meats and cheese, but not direct contact with
ruminants, membership in suspected high risk occupations, milk consumption or water
source. Systematic review meta-analysis on the zoonotic potential of M. paratuberculosis
summarized 128 papers that examined associations with Crohn’s disease, human
immunodeficiency virus infection, sarcoidosis, diabetes mellitus, multiple sclerosis and
Hashimoto’s thyroiditis. There were consistent, significant positive associations with
Crohn’s disease, diabetes mellitus type 1 and multiple sclerosis. A web-based survey showed
that M. paratuberculosis topic specialists considered the agent likely to be a risk to human
health (44.8%) and a moderate public health issue (40.1%). Topic specialists largely agreed
(68.4%) that further enhancement of on-farm programs is most appropriate and further
involvement by government (92%) is unnessecary given the current state of evidence.
Finally, a risk profile for M. paratuberculosis was undertaken to summarize the information
assembled in preceding chapters relevant to a public health evaluation of M.
paratuberculosis. The evidence for the zoonotic potential of this agent is weak, but
consistent across published studies, and topic specialists agree that M. paratuberculosis

should be considered a moderate public health issue. However, the evidence is not yet
sufficient to warrant specific risk management efforts. The existence of critical knowledge
gaps and resultant uncertainties helps to explain why researchers interpret the available
research differently and sometimes provide conflicting opinions and advice. While many
critical knowledge gaps remain, this potential public health issue cannot be ignored and
research advances and mitigation activities should continue to be monitored and periodically
evaluated to re-affirm the appropriate level of action is being taken.
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CHAPTER 1
Introduction, literature review, thesis rationale, thesis objectives
Knowledge synthesis contribution to evidence-informed decision making on zoonotic
public health issues:
Is Mycobacterium avium ssp. paratuberculosis a public health issue?
Introduction
Decision-making on complex issues that may have important public health and economic
implications is challenging, particularly when there are large quantities of disparate evidence.
Ideally decision-makers are informed by the best available knowledge because this offers a
heightened level of accountability [1-3]. Successful knowledge transfer and exchange (KTE)
is needed to make this knowledge readily available to support evidence-informed decisionmaking (EIDM) and the key to effective KTE is knowledge synthesis. Knowledge synthesis
employs a more structured methodology than traditional narrative literature reviews and
enhances the utility of evidence for end-users [4-7]. It is the integration of research findings
from all available studies that address an issue or question in order to summarize the global
knowledge and gaps in evidence on a topic in a concise and structured format [8-10].
Systematic review and meta-analysis are the most widely used and recognized synthesis
methods and are useful in a broad range of situations, from informing end-users about
efficacious interventions, to the generation of precise and credible inputs for use in risk
assessments or decision analysis models [3, 10-12]. Given the vast amount of research
available on most topics, decisions should not be based on individual studies alone and it is
not sufficient to rely on traditional literature reviews that typically do not develop clear
objectives or use systematic methods for identifying, evaluating or extracting data from the
reviewed literature. These features are important for demonstrating how bias was minimized
in the review [7, 13]. Failure to utilize synthesis methods may result in the unnecessary
duplication of research, inefficient use of resources, and missed opportunities for the
advancement of knowledge on an issue and/or closing of knowledge gaps [14]. Making use
of the best available knowledge in order to demonstrate accountable and evidence-informed
decision-making (EIDM) for complex issues is increasingly being endorsed as the gold
1

standard [1-3].
Public health issues related to zoonotic diseases (i.e. diseases transmitted from animals to
humans) that fall under the veterinary public health umbrella, which also includes other
aspects of the interaction between animals, humans and the environment. Collectively, those
issues pertaining to zoonoses involve activities such as surveillance, prevention and control
of zoonotic diseases, and are referred to as “zoonotic public health” [15]. These issues are
often multidisciplinary and complex in nature and in many cases do not have straight forward
solutions. Decisions and policies on how best to address these issues require underpinning
knowledge and other types of information pertaining to humans, animals and the
environment.
The research described in this thesis includes a demonstration of the need for synthesis
methodologies in zoonotic public health (chapter 2) and, using the example of
Mycobacterium avium ssp. paratuberculosis, how knowledge synthesis methods can be
adapted to efficiently identify and summarize the incomplete and fragmented evidence
underpinning a complex public health issue (chapters 3-4). Information from a survey of
topic specialist empirical knowledge (chapter 5) together with information from chapters 3-4
is then integrated into a risk profile (chapter 6) that summarizes the synthesis findings and
critical knowledge gaps and identifies the key messages (chapter 6).
The following literature review is intended as a brief introduction to knowledge synthesis
methodologies, knowledge transfer and exchange and evidence-informed decision-making.
The zoonotic potential of M. paratuberculosis is reviewed extensively in Chapter 3-6, thus
only a brief overview of that topic will be covered in this introduction.
Knowledge synthesis methodologies
Over the past several decades many sectors (e.g. public health, psychology, agriculture, and
veterinary medicine) have moved towards the utilization of synthesis methodologies. These
were initially developed in the health sector for the evaluation of interventions (e.g. drugs,
therapies, and devices) used in healthcare [5, 12]. The gold standard for synthesis
methodologies is systematic review and where possible meta-analysis [6, 10, 16]. Synthesis
methodologies aim to identify what is known about a topic, understand the heterogeneity or
2

inconsistencies in the available evidence, and identify where knowledge gaps exist while
minimizing bias and random error [5, 9, 12]. These methods are more credible and
transparent compared to traditional narrative reviews that do not employ structured and
explicit methods for the identification or inclusion of evidence in the review [7, 13]. The use
of synthesis methodologies in zoonotic public health has increased dramatically in the past
10 years, mainly due to concerted efforts to develop guidelines and increase the capacity for
these methods within the zoonotic public health community [3, 7, 17-19]
Systematic review and meta-analysis can be used to identify, appraise and summarize the
evidence on a multitude of questions including intervention efficacy, risk factors for
infection or disease, prevalence and concentration of outcomes, and evaluation of diagnostic
test accuracy in almost any topic [20-25]. To provide methodologies to address some
questions or topics not amenable to systematic review, additional knowledge synthesis
methods have been developed in the health and social science sectors. These include scoping
reviews, structured rapid reviews and mixed-method reviews [26-32], some of which have
been adapted for use in the zoonotic public health field [10, 33-35]. Each of the synthesis
methodologies used in this thesis are briefly described below; more complete descriptions of
these methods appear later, in the applicable chapters.
Scoping review
Scoping reviews map out the distribution and characteristics of the research underpinning a
broad knowledge area or issue [26-29]. The scoping review is particularly suited to complex
questions such as those in the zoonotic public health area where evidence pertaining to an
issue may be highly diverse. Thus scoping reviews should be considered for policy-driven
questions about the quantity, characteristics, utility and knowledge gaps in information on an
issue [27]. Typically, due to the breadth of literature covered in a scoping review and in
contrast to a systematic review, there is little to no risk-of-bias evaluation or study results
extracted from included studies [26, 27, 29]. Based on the scoping review findings, it may
be appropriate to conduct a systematic review on one or more focused questions, which
includes risk-of-bias evaluation and extraction of results from relevant studies. It should be
noted that scoping reviews are a relatively new approach, and while several complimentary
frameworks have been proposed, there is still a good deal of discussion about scoping review
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methodology [26-29].
Based on the proposed scoping review frameworks, there are six basic steps: (1)
identification of the research question, (2) search strategy to identify relevant studies, (3)
selection of studies with a relevance screening tool, (4) characterisation of studies, (5)
charting and summarization of the evidence underpinning the research question, and (6)
optional stakeholder engagement [26-29]. These mirror similar steps in a systematic review,
with the key differences related to the nature of the research question (broad and policy
based vs. narrow and specific). The strength of a scoping review is the ability to characterise
a large amount of literature on a broad topic, thus it is very well suited as an initial step in
identifying the evidence underpinning zoonotic public health issues. This method is
employed in this thesis to evaluate various sources and vehicles for human exposure to M.
paratuberculosis.
Systematic review
Systematic review is defined as the identification, critical appraisal and synthesis of all
relevant and accessible literature on a focused question using clear, transparent and
reproducible methods [17, 36]. This process is characterized by several stages starting from
the establishment of a review team that consists of collaborators with methodological,
information science and topic expertise [10, 17, 36]. The team then develops a concise and
well-defined review question to address the review objectives using the PICOS components:
Population, Intervention (or Exposure), Comparison, Outcome, and Study design [12, 37].
Based on the question and inclusion and exclusion criteria set out by the team, a protocol is
developed that includes a detailed description of the methods used at each stage of the
review: search strategy, screening, assessment and data extraction tools and an a priori
planned synthesis and analysis strategy [10, 17, 36].
The search strategy should be designed so that it is sufficiently comprehensive to capture the
available literature on the topic. Developing the search strategy with an information
specialist, searching multiple bibliographic databases, selecting grey literature sources
(depending on the topic) and hand searching reference lists of relevant articles to verify the
performance of the search are recommended components of a comprehensive search strategy
[12, 38]. Screening citations, assessing studies for risk-of-bias and extracting data from
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included papers should be done by two reviewers working independently to minimize errors
and bias in the review dataset. A relevance screening tool containing one to three questions
is used to assess the relevance of citations based on the title and abstract. Additional
relevance screening questions may be incorporated into subsequent levels so relevance can
be verified once the full article is available. Data extraction is the tool and stage of the
systematic review where all a priori defined data on study methods, outcomes, and
independent and confounding variables are extracted for analysis and summarization [12,
45].
Risk-of-bias assessment has been an important development in the systematic review process
and is designed to evaluate the quality of research rather than the quality of reporting [12].
The Cochrane collaboration recommends a domain-based risk-of-bias evaluation for
included studies where reviewers characterize the risk-of-bias as low, unclear or high across
seven domains: sequence generation, allocation concealment, blinding participants and
personnel, blinding the outcome assessment, incomplete outcome data, selective outcome
reporting, and other issues [12, 39]. Risk-of-bias assessments are designed to be part of the
overall approach entitled “Grades of Recommendations, Assessment, Development and
Evaluation” (GRADE) which combines the study-level risk-of-bias with an evaluation of
directness, heterogeneity, precision of results and presence of publication bias to determine
the overall confidence in the evidence for each outcome or group of similar studies [39-41].
The strength of evidence, based on scores across the seven domains, is then translated into a
four point scale that ranges from little confidence in the estimate, where the results will likely
change with future studies, to high confidence, where the results probably represent the true
estimate of effect and future research will have little further impact on the estimate [39-41].
A modified risk-of-bias and GRADE approach was used in Chapter 4 based on several
quality and methodological assessment checklists [20, 36, 42]. This modified tool was used
in the studies included in this thesis as well as other projects over the last five years to
evaluate non-RCT study designs (challenge trials, quasi experiments, cohorts, case controls,
cross-sectional and prevalence survey designs). Additionally, the summary-of-findings table,
endorsed by the Cochrane Collaboration, was adapted to the systematic review in chapter 5
in order to display the overall effect, key results and GRADE of the evidence in one table
[40, 41, 43]. Despite its endorsement, a recent Canadian survey of agri-food public health
5

policy analysts and decision-makers found that the summary of findings table was the least
desirable summary of the evidence compared to the peer-reviewed technical publication, one
page summary or three page summary with added contextual information [44]. While the
summary of findings may not be an optimum knowledge translation tool, in our experience
the format works very well in conjunction with the peer-reviewed publication to convey
results in a concise format [42].
Reporting of systematic reviews should follow the Preferred Reporting Items for Systematic
reviews and Meta-Analysis (PRISMA) guidelines, which many peer-reviewed journals have
adopted for evaluating synthesis publications [46]. Reports should include a descriptive
analysis of study results, characteristics of the literature underpinning the topic and the riskof-bias for the included studies [12, 47]. The results of a systematic review should describe
the extent to which there is agreement across studies and how generalizable the results are
across populations, settings or other factors [12, 39]. In general, a systematic review
highlights what is known on a topic and summarizes, if possible, sources of heterogeneity,
knowledge gaps and priorities for future research on a topic [6].
Meta‐Analysis
Ideally a meta-analysis should be preceded by a systematic review and a determination
should be made whether it is appropriate to combine results in the dataset [12]. The
generation of pooled effect estimates is often one of the main goals of a systematic review,
but should not be done if the studies to be combined have a high risk-of-bias or a large
amount of heterogeneity (i.e. are considered too diverse to make the combination
meaningful) [12].
The meta-analytic statistical procedure uses the effect estimate and measure of uncertainty
from each study to produce a weighted overall estimate of effect [12, 48]. The random
effects model is often preferred for this in zoonotic public health topics, where relevant
studies, particularly observational studies vary due to random error and across populations
[12, 48]. Heterogeneity can be quantified using the I2 statistic which measures the degree of
variation between studies [49, 50]. An exploration of reasons for heterogeneity may be
appropriate when the I2 value is more than 25% and may be achieved by a sub-group analysis
or meta-regression using a priori identified and extracted study level factors [12, 45, 49].
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The number of study level covariates should be limited and pre-specified to avoid the
identification of spurious results [12, 45, 49].
Meta-analyses with sufficient numbers of studies can be examined for the presence of
systematic biases. A funnel plot may be examined for asymmetry, which can indicate
publication bias or other small study effects such as selective outcome reporting, differences
in the risk-of-bias, or true differences in the intervention or risk factor due to study size [12,
51, 52]. A number of statistical tests are available, including Begg’s and Egger’s tests, and
Duval and Tweedie’s trim and fill procedure to measure asymmetry in the funnel plot.
However, these tests perform poorly when there is less than 10 studies included, substantial
heterogeneity (e.g. I2 >50%) is present, when none of the studies are significant, or when the
variance ratio between the smallest and largest study is >4 [51-53]. Sensitivity analysis can
be conducted to examine the influence of individual studies on the overall estimate. This
information can be used to protect against arbitrary or uncertain decisions being made due to
extraordinary influence from outlying studies.
There are several potential challenges with conducting meta-analysis, particularly in the area
of zoonotic public health where study designs vary, are mainly observational in nature, and
the effect estimates of different studies may or may not be controlled for the same
confounding variables, which is desirable [12, 48]. The impact of study design can be
explored in a meta-regression, but this does not address the potential biases of observational
studies [12, 54]. On the other hand, excluding eligible observational studies from the metaanalysis may also be misleading for end users different types of evidence are processed and
presented in different a manners [55].
One of the most difficult challenges in synthesis research is insufficient reporting of study
results, where data required to conduct the meta-analysis cannot be obtained from the
publication [12, 21]. There are a number of formulas and conversions to assist in using raw
data, or converting from one summary measure to another, and when necessary, the primary
author may be contacted to request additional information [56]. The latter can be extremely
time consuming and rarely results in the provision of missing data [57, 58]. Reporting
guidelines exist (e.g. REFLECT for controlled trials on livestock populations, STROBE for
observational studies) for a variety of study designs and should help to improve data
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reporting in future research [59, 60]. In many systematic reviews, up to 40% of relevant
studies may not be available for meta-analysis due to insufficient reporting of data and often
this results in a small number of studies for meta-analyses [48, 50, 61]. Even so, it is
considered more informative to conduct the meta-analysis than simply provide a narrative
summary, and it may enable evaluation and discussion of the existing heterogeneity [50]. At
this time there are various approaches to deal with and present heterogeneous results [10, 6266] and further evaluation should be made of the utility and impact for end-users.
Challenges of conducting synthesis research in zoonotic public health
There are several challenges in the application of knowledge synthesis methods to zoonotic
public health issues. The first challenge encountered is the breadth and diversity of the
relevant research [10, 17, 36]. The systematic review methodology has been designed to
address a focused research question involving one population, one intervention and one
question (e.g. Does pasteurization eliminate M. paratuberculosis from milk? What is the
prevalence of M. paratuberculosis in cheddar cheese?), but some policy-relevant questions
are broader (e.g. What is the zoonotic potential of M. paratuberculosis?). In order to address
broader questions of this type, the scoping review and multi-question systematic review
approaches have been employed in this thesis.
Some challenges relate to the synthesis methods themselves including the design and
development of the literature search, as the search algorithms for scoping reviews and multiquestion systematic reviews tend to be long, complex, are demanding of time and require a
high level of expertise in order to develop them properly [38]. Collaboration with an
information specialist, searching several databases that cover topic areas from health to
agriculture and a comprehensive search verification strategy can ensure the search has been
optimized for accuracy [36, 38, 67]. Depending on the topic and the needs of the end user,
an extensive grey literature search may also be required to identify non-indexed primary
research. For example, government reports often contain contextual and/or regional data not
found in the peer-reviewed literature [12, 68, 69]. The contribution and impact of the nonpeer-reviewed grey literature on the review findings should be carefully discussed within the
review. It is extremely difficult to develop a search strategy to capture grey literature, and it
can be even more time consuming than searching bibliographic databases, depending on the
8

extent of the grey literature search developed a priori by the research team [69].
The application of systematic review to different types of questions and the inclusion of
many different study designs, including observational studies, has extended the systematic
review methodology beyond its original framework [10-12]. Traditionally, systematic
reviews were developed to evaluate randomized controlled trials (RCT) conducted on
healthcare interventions and other study designs were excluded from the review because they
are more prone to bias and provided weaker evidence compared to the RCT [12]. While this
is true, observational studies are the only feasible study design when investigating risk
factors, prevalence and questions about disease etiology. They also tend to have larger
sample sizes, important contextual information, and may better indicate the generalizability
of the evidence [55, 69].
Among the biggest challenges with conducting synthesis research is the level of skill
required by the review team and the demands on time and resources. While there is software
available to aid in the management of systematic reviews, the process remains very labour
intensive. The integration of synthesis research into the workings of public health agencies
has been slow, and most systematic reviews are conducted within research-based
organizations or academic settings. This limits the utility, uptake and timeliness of reviews
in providing evidence-informed input into the policy- or decision-making process, unless the
researchers actively engage with decision-makers [4, 70, 71].
Evidence-informed decision-making and the use of synthesis methods
Wide spread adoption and use of synthesis methods could benefit governments, industry and
funding agencies because they offer enhanced clarity, transparency and accountability to the
decision-making process [6, 16, 72, 73]. Clarity is achieved when researchers and
stakeholders jointly define the synthesis outputs that are needed to support the decisionmaking process [70, 71, 74]. Transparency is achieved by documentation at each stage of the
review, including the fate of potentially relevant research. Accountability is one of the
attributes of a systematic review also afforded by the rigorous methodology; the researcher is
required to report all relevant research including discrepancies and rare events, so the
decision-maker can have confidence that the evidence-informed summary represents all
relevant research on the topic. The products of systematic reviews include standalone
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research summaries, collations of knowledge gaps that are applicable to research
prioritization and funding agencies, and provision of credible evidence for use as inputs into
risk analysis or decision analysis models [10, 35, 72, 75]. Recently, there is momentum
gathering within national and international agencies to formally link the use of knowledge
synthesis methods with risk assessments and other types of decision analysis approaches
within the food safety and zoonotic public health communities [35, 72, 75, 76]. Many
international organizations have endorsed the use of synthesis methodologies for their
science-based recommendations [1-3]. Over the past decade the capacity to conduct
synthesis research in zoonotic public health has increased substantially, however there is still
a need to improve awareness and capacity in order to support a wider adoption and
application of these methods in both research and decision-making [77].
Recent literature on the zoonotic potential of M. paratuberculosis.
The condition that was later coined Crohn’s disease in humans was first described in 1913 by
a Scottish surgeon Kennedy Dalziel, who hypothesized that it was similar to Johne’s disease
in cattle [78], however the human disease was named after Dr. Crohn who described the
condition in a series of patients in 1932 [79]. Johne’s disease in ruminants was first described
in 1895 by German veterinarian H. A. Johne [80]. In 1912, Mycobacterium avium ssp.
paratuberculosis was first isolated from a Johne’s positive ruminant, but it wasn’t until 1980
that the agent was isolated from the intestines of a Crohn’s disease patient, which sparked
new interest in its zoonotic potential [80, 81]. Thus, for over 100 years, researchers have
pondered the potential of M. paratuberculosis as a human pathogen, and still struggle to
address many of the knowledge gaps pertaining to the zoonotic nature of M.
paratuberculosis, largely due to technical difficulties involved in detection of the organism
[82].
Mycobacterium avium ssp. paratuberculosis is a gram-positive, small (.5 x 1.5 microns)
bacterium that is slow-growing, hydrophobic, acid fast and rod shaped [83]. Mycobacterium
avium ssp. paratuberculosis belongs to the Mycobacterium avium complex that includes 24
species, some of which are pathogenic to humans and animals [84-86]. Ovine, bovine and
bison types of M. paratuberculosis vary in phenotype and potentially in pathogenicity [80].
Mycobacterium avium ssp. paratuberculosis has been shown to survive at length in a spore10

like state outside of the host and in humans is thought to have a modified cell wall that is not
acid fast making it difficult to identify microscopically [80, 82]. As it is extremely slow
growing and requires specialized culture media, researchers have struggled to identify M.
paratuberculosis in samples that contain few organisms, such as those from subclinically
infected animals, humans and many of the food and water vehicles of potential human
exposure [87].
Johne’s disease (JD) is a global ruminant health problem caused by M. paratuberculosis and
is documented to occur on every continent, mainly in domestic ruminants (sheep, goats,
cattle) [88]. Johne’s disease is characterized in its clinical form by chronic diarrhea and
wasting. It is economically important, particularly due to decreased milk production and low
weight gain or weight loss, usually followed by premature slaughter; further losses are
associated with costs of replacements [83, 88, 89]. There are currently no worthwhile
treatment options for infected animals or vaccines widely accepted vaccine strategies with
the exception of those used for sheep and goats [90-92]. The individual and herd prevalence
of infection in dairy and beef cattle have been estimated in a number of countries and vary
considerably [93-95]; however difficulties in detecting infection and variable sensitivity and
specificity among diagnostic tests are thought to contribute to the variability in JD
prevalence estimates within countries along with other factors such as herd management
practices [80, 96, 97]. For example, in Canada, the prevalence of JD is reported to vary in
dairy herds between 20-50%, but less in beef herds 14-16% [98-106]. Control programs
have been developed and refined in a number of countries over the past 15 years, most of
which report only moderate successes that are largely dependent upon producer management
techniques (e.g. improved biosecurity) to minimize exposure [94, 107-111] .
Ruminant populations and the foods they provide for humans are thought to be important
sources and vehicles of human exposure to M. paratuberculosis. In addition, under-studied
ruminants and non-ruminants may also have roles in the maintenance and transmission of M.
paratuberculosis to humans [88]. Food (dairy, meat, and produce), water, occupation, and
other environmental pathways of exposure have also been examined in a relatively small
number of studies [112, 113]. Most of this research has been conducted since 2005,
particularly on additional potential food vehicles, which is likely due to a steady stream of
research examining the potential role M. paratuberculosis in human diseases (e.g. Crohn’s
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disease as well as other diseases such as diabetes mellitus type 1).
In the early 1980s, research examining the potential association between Crohn’s disease in
humans and JD in ruminants was initiated, mainly due to their similarities in pathology and
the isolation of M. paratuberculosis from a Crohn’s disease patient [80, 114, 115]. In the
late 2000s meta-analyses on select sets of case-control studies showed statistically significant
associations between M. paratuberculosis isolation or immune reaction and the Crohn’s
disease status of the participants [116, 117]. Further recent research has examined the role of
M. paratuberculosis in Crohn’s disease and a number of other human diseases (e.g. diabetes
mellitus type 1), although the causal role of the pathogen in all of these human diseases
remains to be confirmed [118, 119]. Canada has one of the highest reported incidence rates
(13.9/ 100 000) of Crohn’s Disease and over 128 000 Canadians are estimated to be living
with CD, for which there is no known cause or cure [120]. Crohn’s disease is a chronic,
debilitating disease that affects the gastrointestinal tract in humans. It can develop at any
age, but usually during the teen years and 20s [121]. In a recent systematic review, Crohn’s
disease was shown to have a high economic burden and result in a lower quality of life for
affected individuals due to the social, emotional and physical effects of the disease [122].
Crohn’s disease is not an autoimmune disease, however genetic susceptibility research has
identified several loci that affect a variety of immune pathways associated with
increased/decreased risk of developing Crohn’s disease [123-125]. Mycobacterium avium
ssp. paratuberculosis remains the leading infectious candidate for Crohn’s disease despite
some evidence of an association with invasive E. coli [121, 126]. Most causal hypotheses for
Crohn’s disease suggest there are several combinations of genetic, infectious and
environmental factors that may result in disease and while some genetic predispositions and
infectious candidates have been identified, the role of the environment is not well understood
[118, 127-131]. Some early research identified northern hemisphere/urban living risk factors
for the disease, but more recent work has documented increases in Crohn’s disease incidence
in rural and lower income populations, suggesting that geography itself is not the risk factor,
but may have been a surrogate for a number of factors associated with industrialization [121,
124, 125, 132, 133]. Thus, there is uncertainty concerning the populations at elevated risk of
developing Crohn’s disease, and what risk factors (genetic, environmental, infectious
pathogens) are important, consequently there are no accepted prevention strategies for
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humans [121, 123]. In summary, although the role of M. paratuberculosis in human disease
remains uncertain, human exposure to this organism is considered a potential public health
issue [88, 131, 134].
Thesis objectives
The research described in this thesis aims to demonstrate that knowledge synthesis methods
can be adapted to successfully review the zoonotic public health literature in a robust and
structured manner. Corresponding to the next five chapters of this thesis are the following
objectives:
1. Establish whether there is a need for more structured synthesis methods in this area
by evaluating the methodological soundness of literature reviews on zoonotic public
health issues.
2. Use the scoping review methodology to identify potential sources and vehicles of
human exposure to M. paratuberculosis and opportunities for intervention should the
zoonotic nature of the pathogen be established in the future.
3. Evaluate the zoonotic potential of M. paratuberculosis using systematic review and
meta-analysis methods.
4. Survey topic specialists’ opinions on the zoonotic potential of M. paratuberculosis,
routes of human exposure, control and/or surveillance programs, and whether
governments have taken appropriate actions on M. paratuberculosis as a public health
issue.
5. Integrate the evidence from the three preceding studies to develop an evidenceinformed evaluation of the public health relevance of M. paratuberculosis in the
format of a risk profile.
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CHAPTER 2
The methodological soundness of literature reviews addressing three potential
zoonotic public health issues
As published in Zoonosis and Public Health, 2009, 56 (9-10), 477–4891

Abstract
Literature reviews are important information sources for multiple stakeholders in zoonotic
public health with limited time to keep up with the rapid increase in primary research in this
field. However, their validity depends on their methodological soundness. The study
purpose was to evaluate the methodological soundness of literature reviews in zoonotic
public health. Relevant reviews (n=132) published between January 2000 and August 2006
were identified on three issues: Mycobacterium avium ssp paratuberculosis as a potential
cause of Crohn’s disease in humans (30 reviews); antimicrobial use in animals as a risk
factor for antimicrobial resistance in human pathogens (36); and the zoonotic potential of
transmissible spongiform encephalopathies (66). The zoonotic aspect of the issue was the
focus of 59 reviews and a sub-section of 73 reviews. Two independent reviewers evaluated
reviews using 13 criteria: 10 previously validated in the medical field, and three applicable to
etiology research. No review met more than eight of 13 criteria for methodological
soundness; two articles met only one criterion. Two reviews described methods for
identifying relevant primary research. In only two and four reviews respectively, authors
conducted quantitative syntheses of research evidence or reported summarized measures of
effect for the zoonotic risk to humans. Recommendations for future research and economic
impact were provided in 64 and 10 reviews respectively. In 14 reviews conclusions
exceeded evidence presented. The various review authors’ position on the evidence for the
zoonotic association and the zoonotic risk to public health were inconsistent for all three
issues. Reviews addressing potential zoonotic public health issues lack structured and
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transparent methodology preventing the end user from assessing the review’s validity. These
reviews should adhere to structured scientific principles similar to what is used for primary
research articles.
Introduction
Zoonotic pathogens and agri-food production practices have the potential to significantly
impact public health (O'Brien, 2005;Schlundt et al., 2004). Many emerging zoonotic public
health issues are complex, and span multiple scientific disciplines and sectors. A good
example is the issue of antimicrobial resistance (AMR), particularly the extent to which
antimicrobial use in the agri-food sector contributes to AMR in human pathogens. This issue
has been debated for decades among medical, veterinary and agri-food communities
(McDermott et al., 2002).
Literature reviews are important sources of information for multiple stakeholders in zoonotic
public health who have limited time to keep up with the rapidly increasing amount of
primary research in the field (Dickersin, 2002). Review articles condense extensive amounts
of primary research to provide readers with up-to-date information, guide policy and decision
making, and provide direction for future research (Bracken, 2001;Breslow et al., 1998).
Literature reviews are traditionally written by issue experts, often without description of
methods used to identify, evaluate and summarize primary research studies, which
predispose such reviews to potential bias (Mulrow et al., 1988;Oxman and Guyatt, 1991).
Concerns about the methodological soundness and usefulness of literature reviews were
raised in the medical field almost two decades ago (McAlister et al., 1999; Mulrow, 1987)
and more recently in the area of food safety (Sargeant et al., 2006). Criteria related to
methodological soundness and completeness of reporting for review articles initially
developed and validated in the medical field (McAlister et al., 1999; Mulrow, 1987) were
adopted and modified for application to food safety intervention research (Sargeant et al.,
2006). In all studies, the authors observed a lack of structured and replicable methodological
approaches and concluded that the methodological soundness of literature reviews should be
improved. The needs of end users of literature reviews in zoonotic public health e.g.,
researchers, specialists or policy makers in medical, veterinary and agri-food fields might
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vary. The policy decision maker may rely on a single or very limited number of literature
reviews for establishing action needs or guiding program development. Evidence-based
policy and decision making in zoonotic public health requires clear and balanced
interpretation of the global scientific knowledge base (Choi, 2005;Lavis, 2006;Thamlikitkul,
2006;United States Department of Health and Human services, 2007). In this study the
methodological soundness of literature reviews in zoonotic public health was evaluated using
three potential zoonotic public health issues and 13 specific criteria.
Materials and Methods
Selection of zoonotic issues
The research team selected three potential zoonotic issues through an informal brainstorming
session. Issues were chosen based on their overall importance to research and policy
communities in veterinary, agri-food and medical fields and the current or previous debatable
nature of their zoonotic potential. The three issues included: Mycobacterium avium ssp
paratuberculosis (MAP) as a potential cause of Crohn’s disease in humans, the use of
antimicrobials in animals as a risk factor for the development of antimicrobial resistance
(AMR) in human pathogens, and the potential zoonotic risk of transmissible spongiform
encephalopathies (TSE e.g. bovine spongiform encephalopathy in cattle, scrapie in sheep,
and chronic wasting disease in deer).
Search for potentially relevant literature reviews
Literature reviews addressing these issues were identified through a search of five electronic
databases: Pubmed, Scopus, Current Contents, CAB (Commonwealth Agricultural Bureaux),
and Agricola. All searches were conducted between July 22 and August 11, 2006.
Publication type was restricted to reviews by use of a methodological filter for “literature
reviews,” and publication date was initially restricted to January 1990 through July 2006.
Once the number of reviews was known, the publication time frame was narrowed to January
2000 through August 2006, resulting in a minimum of 30 literature reviews per issue.
Language was not restricted in the search, but non-English articles were excluded for logistic
reasons. The search terms and combinations for identifying the reviews are shown in Table
1. Further details of the study protocol, search and tools are available in appendix 2.1.
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Identification of relevant literature reviews
Once duplicates were removed, the lists of citations were loaded into individual spreadsheets
and screened for relevance by two independent reviewers (LW and AR), using a simple
screening tool to identify review articles addressing zoonotic aspects of three issues (MAP,
AMR or TSE). Citations were selected for evaluation only if both reviewers agreed on the
relevance of the review. Citations for primary literature, risk assessments, book chapters,
editorials, news reports, workshop or government reports, commentaries, letters and nonpeer-reviewed expert opinions were excluded. Reviews that did not discuss the zoonotic
potential of the issue were excluded, for example, reviews were excluded if they discussed
the impact of AMR in humans without addressing agri-food aspects of the issue. Reviews
were also excluded if their title, abstract or objectives included the words “brief”, “short” or
“introduction” to avoid inclusion of reviews where the intent might have been only to
provide a brief issue summary.
Evaluation of literature review methodological soundness
The checklist for methodological soundness included 13 criteria (Table 2); 10
methodological criteria were previously developed and validated in the medical field
(McAlister et al., 1999;Mulrow, 1987). Three additional criteria (Table 2) applicable to
etiology questions included: the authors stated a position on whether there was evidence for a
zoonotic association, the authors stated a position on whether there was a zoonotic risk to
public health and if yes whether they attempted to express the magnitude of zoonotic risk to
public health through a measure of effect.
Two independent investigators (LW and AR), blinded to author names and affiliations to
minimize reviewer bias, pre-tested the checklist on 10 reviews (four MAP reviews, four
AMR reviews, and two TSE reviews). All investigators, working independently and blinded
to author names and affiliations, tested the checklist on a total of six reviews (two per issue).
Agreement of results was evaluated at each stage of testing. Agreement on modifications to
improve the clarity and applicability of the checklist was reached through consensus.
Each article was obtained in full, confirmed relevant and author names and affiliations
obscured before being randomly assigned to two reviewers working independently.
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Reviewer answers were summarized, and conflicts were resolved through consensus. The
results of the evaluation of methodological soundness were summarized by issue.
Results
General aspects of the literature reviews
A total of 132 literature reviews were identified; 30, 36, and 66 reviews for MAP, AMR and
TSE issues, respectively. These reviews were published in 111 different journals; only four
journals had published three or more of the reviews addressing AMR or TSE issues. Among
the reviews, 73 were published in journals from the human medical field, 31 in journals from
the veterinary or animal science fields and 28 in journals from the microbiology or food
science fields. The zoonotic aspect of the issue was the main focus in 59 reviews or an
individual section of 73 broad issue reviews (Table 3). No systematic reviews or metaanalyses were identified for any issue. Publication rates of the AMR and TSE issues
appeared to be constant since 2000, whereas rates for the MAP reviews seemed to be
variable (Figure 1). The relevant reviews originated from four continents: North America
(12- MAP, 15- AMR, 26- TSE), Europe (13, 19, 36), Asia (3, 1, 1), and Australia (2, 1, 3).
Fifty-five percent of the TSE reviews originated from Europe, with 14 of the 66 reviews
(21%) from the United Kingdom.
The methodological soundness of literature reviews
None of the articles met more than eight of 13 criteria for methodological soundness, two
articles met only one criterion and the median number of criteria met was five (Figure 2).
The most frequently met criteria were: stating a focused question (67%), discussing the
human health outcomes (51%), taking a position on the existence of a zoonotic association
(98%), taking a position on the zoonotic risk to public health (95%), and drawing appropriate
conclusions given the evidence presented (89%).
The results of our evaluation of the methodological soundness of these literature reviews are
summarized in Table 2 by issue (MAP, AMR, TSE) and the scope of the zoonotic aspect
(main focus vs. sub-section). The methods used to locate evidence (e.g. explicit search
criteria) and how the authors selected studies (e.g. inclusion / exclusion criteria) were
described in only two reviews. The quality of primary research included in the review was
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not evaluated in any review. Methods used to report or summarize the results from primary
research varied from short qualitative descriptions to providing extensive detail from a few
individual studies. Heterogeneity between studies was discussed in only 51 (38.6%)
literature reviews (Table 2).
The authors stated that the evidence for a zoonotic association was sufficient in 30, 83 and
74% of MAP, AMR and TSE literature reviews, respectively. Authors of 57, 14 and 20% of
reviews stated the evidence for a zoonotic association was inconclusive (Table 2). In
addition, there were 6 (4.5%) reviews where the author’s position was that insufficient
evidence was available to support a zoonotic association and in an equal number of reviews
this question was not addressed. The authors stated a position that there was evidence to
support a zoonotic risk to public health in 20% of MAP, 75% of AMR and 83% of TSE
reviews, while other authors’ position was that the evidence for a zoonotic risk to public
health was inconclusive (60% of MAP, 14% of AMR and 11% of TSE reviews). The
position of authors in seven (5.3%) reviews was the zoonotic risk to public health is not
supported by the evidence and in an equal number of reviews this question was not addressed
(Table 2). In only two reviews (Bosque, 2002;Caramelli et al., 2006) the authors made an
attempt to provide a quantitative synthesis of research evidence and in only four reviews
(Bosque, 2002;Molbak, 2004;Smith, 2003;Will, 2002) the authors summarized the
magnitude of the zoonotic risk to humans through specific measures of effect(Bosque,
2002;Will, 2002).
In less than half (48%) of the 132 reviews were future research objectives discussed and in
only 10 (7.6%) reviews was the economic aspect of the zoonotic issue mentioned. One
hundred and eighteen (89%) of the reviews had appropriate conclusions, however 14 were
found to have conclusions that exceeded or were inappropriate for the evidence presented.
Discussion
Our results indicate that structured scientific methods are not routinely applied in literature
reviews to identify, evaluate and summarize information from primary research studies
addressing zoonotic public health issues. This supports previously expressed views that
literature reviews are not seen as a form of research and as such are not scrutinized for
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methodological soundness in the same manner as primary research articles (Dickersin,
2002;Hutchinson, 1993;Joyce et al., 1998;Milne and Chambers, 1993;Sackett et al., 2000). It
has been shown that the extent to which a structured and replicable methodology has been
used to evaluate the evidence in primary studies largely determines the quality of the review
(Antman et al., 1992;Mulrow, 1987;Mulrow, 1994;Oxman and Guyatt, 1988;Sacks et al.,
1987). Literature reviews are less likely to contain errors (Oxman, 1994) or bias (Antman et
al., 1992;Cook et al., 1997;Haynes et al., 2005;Mulrow, 1987) when a systematic approach is
used. We found that explicit search strategies for identifying relevant articles were rarely
presented and demonstration of reproducible methods or evaluation of primary research
quality was not presented in any review. This might result in biased interpretation of primary
research and prevent the reader from assessing the validity of the review, which is necessary
to make an informed decision (Akobeng, 2005;Blettner et al., 1999;Dickersin,
2002;McAlister et al., 1999;Oxman and Guyatt, 1991;Sargeant et al., 2006). It is possible
that procedures not made explicit in these reviews were actually performed. For example,
unreported criteria might have been used for quality assessment of primary studies or to
determine inclusion and exclusion of studies. However in a survey of 30 authors of review
articles, Oxman and Guyatt (1991) found that procedures had been reported accurately,
suggesting that when methods are not described, those methods have not been used.
Variability in the results for the ten other criteria was observed and each affected some
aspect of the review utility. More details about synthesized primary research were presented
in reviews that stated a focused question. This proportion was over 80% when the zoonotic
public health aspect was the main focus of the review. For questions of an etiological
nature, the question should clearly identify the population(s), the exposure(s), and the
outcome(s) covered by the review (Bracken, 2001;Oxman and Guyatt, 1988). Clearly stating
the question in the title, abstract or introduction of a review allows readers to determine its
relevance for their purposes and for the author of the review, it functions as a guideline for
including and synthesizing primary research (Antman et al., 1992;Mulrow, 1987;Sargeant et
al., 2006). This is particularly relevant to zoonotic public health questions that are broad in
nature and may span several populations, include several risk factors or exposures of interest
and may be measured through a variety of outcomes.
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Examination of heterogeneity in primary research is an important aspect of literature reviews
however, only 40% of reviews attempted to explain why primary studies addressing the same
questions reported different findings. This varied by type of review, with a consideration of
heterogeneity included in almost half of the reviews in which the zoonotic aspect of the issue
was the main focus. The variation is likely due to increased detail in reviews that were
focused on the zoonotic issue. While heterogeneity may be artefactual (e.g. due to lack of
blinding or improper randomization), it may also be due to true differences (e.g. in study
design or population) (Dickersin, 2002). Degree of heterogeneity has an impact on whether
or not the results may be extrapolated to a larger population (Blettner et al., 1999;Bracken,
2001;Glasziou and Sanders, 2002). Even when a quantitative summary is not appropriate, a
qualitative explanation of heterogeneity should be provided when the review is likely to be
used as a guide for decision making (Akobeng, 2005;Dickersin, 2002;L'Abbe et al., 1987), as
is likely to be the case for reviews on etiological issues.
Specific human health outcomes (e.g. morbidity, duration of illness, and risk of death)
associated with the potential zoonotic issue were mentioned in half the reviews, however less
than two percent attempted to do a quantitative synthesis of the zoonotic risk to public health
and none applied systematic review and meta-analysis, a formal statistical combination of
data from multiple studies. Ideally, a quantitative summary would be derived from a metaanalysis that is preceded by a systematic review methodology so that bias in the process of
identifying, evaluating and summarizing primary literature is minimized (Bracken,
2001;Higgins and Green, ;Hutchinson, 1993;Sargeant et al., 2005;Sargeant J. et al., 2006).
When a systematic review methodology is not used to search for primary studies, inclusionexclusion criteria are not applied and quality assessment is not conducted, the results of the
meta-analysis may be misleading (Dickersin, 2002;Higgins and Green, ;Hutchinson,
1993;Sargeant et al., 2005;Sargeant J. et al., 2006).
Primary research on zoonotic public health issues may both support and challenge the
zoonotic association or risk to public health and lead to different and often contradictory
conclusions and recommendations for the same issue. In this study, the responses to
questions on whether there was evidence for a zoonotic association or zoonotic risk to public
health for each issue ranged from definitely sufficient through inconclusive to insufficient
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evidence. Furthermore, the author’s position on the presence of a zoonotic association did
not necessarily agree with their position on the zoonotic risk to public health resulting in
unclear and confusing key take-home messages for end users of such reviews. It is possible
that some of the variation in overall conclusions and recommendations might be attributed to
availability of primary research at time of writing, particularly for the TSE issue, as new
scientific evidence has emerged over the past five years. Nevertheless, the use and reporting
of structured and transparent criteria for identifying, including and evaluating primary
research articles in a review would enhance the end user’s ability to judge the validity of
review conclusions and understand reasons for differences in conclusions between reviews.
Ultimately, this may lead to more timely agreement in the scientific community on aspects of
these complex issues.
Identification of new research needs and direction is considered a routine component of
literature reviews because it allows researchers to identify relevant research questions, policy
and decision makers to prioritize policy considerations, and funding agencies to encourage
researchers to address those questions (Hutchinson, 1993;Neely, 1993). Surprisingly,
approximately half of the reviews in this study did not identify research needs or give
direction thus, limiting their utility to their end-users. Few reviews included information on
the economic impact of these issues. This is very important from a decision making
perspective and should at least be briefly factored into the examination of these issues either
numerically or theoretically to provide the reader with a more complete understanding of the
issue and implications of potential actions (McAlister et al., 1999). The conclusions of a
literature review are perhaps the most important statements of the review, within which the
information or messages highlighted for the reader should be key take home messages that
accurately reflect the primary research presented. Eleven percent of the reviews made
conclusions beyond the evidence presented potentially leading to exaggerated or misleading
conclusions and recommendations.
Literature reviews are important in guiding public health actions, policies, and future
research initiatives (Bracken, 2001;Joyce et al., 1998). Their purpose is to generate accurate,
unbiased, and replicable evaluations of scientific evidence allowing valid conclusions by
their end-users (Breslow et al., 1998;Joyce et al., 1998). However, our results suggest that
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routine scientific methods are rarely or never utilized in literature reviews addressing
zoonotic public health issues; thus preventing end users from appropriately evaluating the
validity of the review. Improvement in review quality would contribute to more informed
policy and decision making in zoonotic public health (Dickersin, 2002). As Breslow et al.
(1998) recommended, this approach does not prevent individuals or groups of researchers
from presenting brief issue overviews or personal views through commentary articles.
Conclusions
Our findings indicate that literature reviews in zoonotic public health do not routinely use
structured and replicable methods to identify, appraise and summarize primary research.
Systematic reviews offer a transparent and replicable format for addressing various questions
(e.g. importance of potential risk factors, effectiveness of interventions, and performance of
diagnostic tests) using globally available primary research in zoonotic public health. This
methodology is particularly useful for answering questions on which research disagrees or
appears to provide conflicting results and should be considered a standard tool for supporting
the development of long-term, evidence-based programs and policies in zoonotic public
health. The implementation of systematic reviews requires significant infrastructure and
time, which may not be suitable for individual researchers or graduate students with limited
resources. However, this aspect can be overcome through effective collaborative teams
comprised of topic and methodological experts. We recommend that journal editors in
zoonotic public health consider the criteria reported in this and previous studies as a
foundation for the conduct, reporting and evaluation of literature reviews in zoonotic public
health.
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Table 1. Search strategies used to identify reviews on three zoonotic public health issues
Issue

Search string
MAP
(johne disease OR Johne’s disease OR johne* disease OR
paratuberculosis) AND (crohn* disease OR crohn disease OR Crohn’s
disease OR krohn disease OR krohn* disease OR inflammatory bowel
disease OR inflammatory bowel diseases)
AMR
(human OR humans OR man) AND (animal OR animals OR pig OR
swine OR cow OR cattle OR poultry OR chicken) AND (antibiotic
resistance OR antimicrobial resistance OR drug resistance) AND
(antimicrobial use OR antibiotic use OR drug use)
TSE
(transmissible spongiform encephalopathies OR bovine spongiform
encephalopathy OR scrapie OR chronic wasting disease) AND
(Creutzfeldt-Jakob disease OR variant Creutzfeldt-Jakob disease).
MAP; Mycobacterium avium ssp. paratuberculosis as a potential cause of Crohn’s Disease
(n=30); AMR, antimicrobial use in animals as a risk factor for development of antimicrobial
resistance in human pathogens (n=36); TSE, potential zoonotic risk of transmissible
spongiform encephalopathies (n=66).
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Table 2. Results of 13 criteria for methodological soundness applied to 132 review articles categorized by zoonotic public health
issue and by coverage of the issue*.
Criteria

The review stated a focused question.
†, M, A, S

The method of locating evidence was
described.†, M, A, S
Explicit criteria were stated or used to
select studies.†, M,A, S
The validity or quality of studies was
assessed and the process was
reproducible. †,M,, A, S
Sources of heterogeneity in existing
evidence for the zoonotic aspect of the
issue was referred to or addressed. †,M,

MAP

AMR
TSE
Percent (%) of reviews that met the criteria
MF
SS
MF
SS
(n=23)
(n=13)
(n=25)
(n=41)
78
62
80
46

MF
(n=11)
91

SS
(n=19)
68

9

5

0

0

0

9

5

0

0

0

0

0

82

26

40

Overall
MF
(n=59)
81

SS
(n=73)
55

0

2

1

0

0

2

1

0

0

0

0

0

40

44

29

49

30

A, S

The author(s) position on the evidence 45/0/55/0‡ 21/21/58/0‡ 87/0/13/0‡ 77/0/15/8‡ 92/4/4/0‡ 63/2/29/5‡ 81/2/17/0‡ 55/7/34/4‡
for the zoonotic association. A
The author(s) position on the evidence 27/0/73/0‡ 16/32/53/0‡ 78/0/17/4‡ 69/0/8/23‡ 88/4/8/0‡ 80/0/12/7‡ 73/2/24/2‡ 62/8/22/8‡
for a zoonotic risk to public health.
0
0
4
0
8
2
5
1
The author(s) attempted to express
the magnitude of zoonotic risk
through a measure of effect.
0
0
0
0
4
2
2
1
Quantitative synthesis of evidence on
the zoonotic risk was included in the
review by the author. †, M, A, S
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Human health outcomes associated
27/0/73‡‡ 42/0/58‡‡ 56/4/ 39‡‡ 31/8/ 62‡‡ 80/4/16‡‡ 49/7/5‡‡ 61/3/36‡‡ 44/5/51‡‡
†, A, S
with the issue were mentioned.
100
63
96
85
92
95
95
85
The conclusions of the review were
supported by the information
presented in the review. †, M, S
73
32
43
69
48
46
51
47
The directives for future research
(identifying gaps in knowledge)
initiatives were stated. †, M, A, S
0
16
4
15
4
7
3
11
The cost or economic aspects of the
zoonotic issue were mentioned. †, A
For each issue, coverage of the zoonotic aspect of the subject was categorized as being the main focus of the article (MF) or a
subsection (SS). † Quality Criteria. Criteria previously used by; M Muldrow (1987), A McAlister et al. (1999), S Sargeant et al. (2006).
‡
Yes there is an association or risk to public health/ No there is no association or risk to public health/ Inconclusive/ Not discussed
‡‡
Author indicated increased morbidity and mortality/ author indicated increased cost to treat/ not applicable.
MAP; Mycobacterium avium ssp. paratuberculosis as a potential cause of Crohn’s Disease; AMR, antimicrobial use in animals as a
risk factor for development of antimicrobial resistance in human pathogens; TSE, potential zoonotic risk of transmissible spongiform
encephalopathies.
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Table 3. Scope of 132 review articles on three potential zoonotic public health issues*
published between January 2000 and August 2006
Issue Scope

Scope of the zoonotic
Total
content
reviews
Main focus Subsection
Total review articles
59
73
132
Association between MAP and Crohn’s disease
2
15
17
The association and exposure to MAP through milk
3
3
6
The association and other exposure routes.
6
1
7
Total MAP articles
11
19
30
Risk associated with antimicrobial use in animals for
20
9
29
developing AMR in humans
Risk associated with antimicrobial use in a specific
3
4
7
animal group or specific pathogen for AMR in humans
Total AMR articles
23
13
36
Zoonotic potential of TSEs
11
19
30
Association between bovine spongiform
14
19
33
encephalopathy and variant Creutzfeldt-Jakob disease
in humans
Zoonotic potential of Chronic Wasting Disease in deer
0
1
1
Zoonotic potential of Scrapie in sheep
0
2
2
Total TSE articles
25
41
66
* MAP; Mycobacterium avium ssp. paratuberculosis as a potential cause of Crohn’s Disease;
AMR, antimicrobial use in animals as a risk factor for development of antimicrobial
resistance in human pathogens; TSE, potential zoonotic risk of transmissible spongiform
encephalopathies.
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Number of Reviews

16
14
12
10
8
6
4
2
0

MAP
AMR
TSE

2000

2001

2002

2003

2004

2005 2006*

Year of Publication

Number of Reviews

Figure 1. Frequency of review publication between January 2000 and August 2006* on
three potential zoonotic public health issues. MAP; Mycobacterium avium ssp.
paratuberculosis as a potential cause of Crohn’s Disease (n=30); AMR, antimicrobial use in
animals as a risk factor for development of antimicrobial resistance in human pathogens
(n=36); TSE, potential zoonotic risk of transmissible spongiform encephalopathies (n=66).
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Figure 2. Histogram of the number of quality criteria out of 13 met by 132 reviews on three
zoonotic public health issues. MAP; Mycobacterium avium ssp. paratuberculosis as a
potential cause of Crohn’s Disease (n=30); AMR, antimicrobial use in animals as a risk
factor for development of antimicrobial resistance in human pathogens (n=36); TSE,
potential zoonotic risk of transmissible spongiform encephalopathies (n=66).
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CHAPTER 3
Mycobacterium avium ssp. paratuberculosis detection in animals, food, water and
other sources or vehicles of human exposure: a scoping review of the existing
evidence

Abstract
Mycobacterium avium ssp. paratuberculosis is the etiologic agent of Johne’s disease in
ruminants and is hypothesized to be an infectious cause of Crohn’s disease, as well as some
other human diseases. Due to key knowledge gaps, the potential public health impact of M.
paratuberculosis is unknown. This scoping review aims to identify and characterize the
evidence on potential sources and vehicles of M. paratuberculosis exposure for humans to
better understand how exposure is likely to occur. Evidence from 256 primary research
papers is summarized; most examined the prevalence or concentration of M.
paratuberculosis in animals (farmed domestic, pets and wildlife) (n=163), food for human
consumption (67) (milk, dairy, meat, infant formula) or water (drinking and recreational) and
the environment (farm, pasture and areas affected by runoff water) (28). The majority of this
research has been published since 2000. Nine case-control studies examining risk factors for
Crohn’s disease highlighted significant associations with the consumption of processed
meats and cheese, while direct contact with ruminants, high risk occupations (farmer,
veterinarian), milk consumption and water source were factors not associated with the
disease and/or M. paratuberculosis exposure status. Molecular epidemiology studies
demonstrated strain-sharing between species. Produce and seafood were the only previously
suggested sources of human exposure for which there was no supporting evidence identified
in this scoping review. The results of this review indicate that ruminant populations from
around the globe are infected with M. paratuberculosis and many non-ruminant species have
also been found to carry or be infected with M. paratuberculosis. Several potential sources
for human exposure to M. paratuberculosis were identified; however there remain important
gaps in quantitative information on the prevalence and concentration of M. paratuberculosis
in contaminated sources of exposure. This information is critical to understanding the risk of
exposure, opportunities for risk mitigation interventions and modelling exposures to distill
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the importance of various sources of human exposure to M. paratuberculosis including direct
contact with animals and the environment as well as consumption of contaminated foods and
water. Results of this study may be used to prioritize future research and to support evidenceinformed decision-making on the M. paratuberculosis issue.
Introduction
Mycobacterium avium ssp. paratuberculosis belongs to the Mycobacterium avium complex
that includes 24 species, some of which are pathogenic to humans and animals (Biet, et al.,
2005). Mycobacterium avium ssp. paratuberculosis is the etiologic agent of Johne’s disease,
a severe production-limiting gastrointestinal disease that affects domestic and wild ruminants
worldwide and in advanced cases is characterized by wasting and profuse diarrhea leading to
death (Behr and Collins, 2010). The disease is important to ruminant industries for animal
health and economic reasons (Waddell, et al., 2016). However, the zoonotic potential of M.
paratuberculosis is not fully understood despite 30 years of research. Critical to better
understanding the risk and opportunities for risk mitigation interventions, is the elucidation
of potential sources of human exposure to M. paratuberculosis including direct contact with
animals, the environment and consumption of potentially contaminated foods.
Synthesis research methodologies offer transparent and replicable ways to identify,
characterise and synthesize the literature (Sargeant J., et al., 2006; Pham, et al., 2014; Young,
et al., 2014). The improved transparency and accountability ensured by synthesis research
methodologies is important for evidence-informed policy-making in zoonotic public health,
particularly on questions and issues that cut across many disciplines and for which there may
be sparse and contradictory evidence (Rajic, et al., 2013). Scoping reviews (ScR) are wellsuited to assess broad, policy-relevant questions, whereas systematic review and metaanalysis (MA) are better suited to address focused questions (Sargeant J., et al., 2006; Pham,
et al., 2014; Young, et al., 2014). The objective of this ScR was to identify and assess
evidence of potential sources and vehicles of human exposure to M. paratuberculosis, and
identify knowledge gaps. To the best of our knowledge, previous studies have not included
all potential sources of M. paratuberculosis for humans, nor have they attempted to
summarise this evidence for use in decision-making.
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Methods
Team, question, protocol and definitions
The scoping review research team had expertise in the following area: M. paratuberculosis,
food safety, risk assessment, epidemiology, library science, and synthesis research (e.g.
scoping review, systematic review and meta-analysis). The team defined a broad research
question to capture all French and English language primary research; “What is the global
evidence evaluating potential sources of human exposure to Mycobacterium avium ssp.
paratuberculosis?” The sources were hypothesized to contribute to transmission via food,
direct contact and the environment. The types of studies examined included surveys of M.
paratuberculosis in food, animal and environmental sources for humans, studies on the
survival of M. paratuberculosis under different conditions, and molecular epidemiological
evidence of strain-sharing among animal species and humans. Articles on the M.
paratuberculosis status of wild and domestic animals were identified for prevalence
information. Farm level or animal level intervention or risk factor studies (Elliott, et al.,
2014; Rangel, et al., 2015) related to M. paratuberculosis in ruminant herds and the
evaluation of diagnostic tests for M. paratuberculosis (Collins, 2011; Gilardoni, et al., 2012)
have been reviewed elsewhere and were excluded as beyond the scope of this ScR.
An a priori developed and pre-tested ScR protocol (Appendix 3.1) included the study
question, sub-questions, definitions, procedure for literature search, study inclusion/exclusion
criteria and checklists for conducting relevance screening and study characterization of
relevant primary research following the principles and steps of ScR methodology (Rajic, et
al., 2013; Pham, et al., 2014; Young, et al., 2014). Six animal health, human health and agrifood experts from across Canada were engaged to provide feedback on the scope of this
project, input on hypothesized sources of M. paratuberculosis and insight into the relevance
of the issue within their disciplines. The feedback resulted in the addition of potential
sources that expanded the scope to include animal and bulk tank milk results. The search
strategy and ScR tools were adjusted based on the feedback to improve clarity and ensure
comprehensive results.
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Search strategy
The following four search algorithms were implemented on September 20th, 2013 in four
databases; PubMed, Scopus (Health Canada) and CAB (Health Canada) and Current
Contents (Web of Science, University of Guelph).
((paratuberculosis) OR (crohn* disease) OR (crohn disease) OR (Crohn’s disease) OR
(inflammatory bowel disease) OR (inflammatory bowel diseases)) AND (milk OR dairy)
Limits year: (2005 –present)
(paratuberculosis OR (crohn* disease) OR (crohn disease) OR (Crohn’s disease) OR
(inflammatory bowel disease) OR (inflammatory bowel diseases)) AND (yogurt OR cheese*
OR (meat OR (beef AND (carcass* OR ground OR cut))))
Limits Year: (1984- present)
(paratuberculosis OR Johne OR Johne’s OR Johne’s) AND (crohn OR Crohn’s OR crohn*
OR krohn OR krohn’s OR krohn*) AND (meat OR beef OR carcass* OR water OR food OR
air OR aerosol OR soil OR environment* OR (risk factor) OR exposure OR genetic*)
Limits Year: (1984- present)
paratuberculosis and (wildlife or wild or captive)
Limits Year: (1984- present)

More specific terms were investigated to further refine the algorithms, however with little
gain in specificity we preceded with more inclusive search algorithms. The year limit of
1984 was selected because it was the year M. paratuberculosis was first isolated in a human
(Chiodini, et al., 1986). The paratuberculosis and dairy algorithm was implemented from
2005 to complement a previous SR that already included the literature up to 2005 (Waddell,
et al., 2008), the results of which were transferred into the current review and re-screened
using the tools for this ScR. Citations retrieved from all databases were imported into
reference management software RefWorks (Copyright 2015, ProQuest LLC) and deduplicated. Search verification included screening reference lists of seven review articles
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(Anon, 2010; Grant, 2010; Kaevska and Hruska, 2010; Mor-Mur and Yuste, 2010; Singh, et
al., 2010a; Over, et al., 2011; Carta, et al., 2013) and five systematic reviews published on M.
paratuberculosis (Feller, et al., 2007; Abubakar, et al., 2008; Eltholth, et al., 2009; Okura, et
al., 2012; Fernandez-Silva, et al., 2014). Potentially relevant unique citations identified by
search verification were added to the ScR at the relevance screening stage and processed
through all ScR tools as appropriate.
Abstract and article‐level relevance screening and study characterization
Abstract-based screening (Figure 1) was conducted by two reviewers working independently.
All potentially relevant primary research in English or French investigating M.
paratuberculosis contamination of potential sources for humans was identified. Nonprimary research studies (e.g. narrative reviews) and primary research studies outside of the
study scope were excluded. Reviewer agreement (κ ≥0.8) was evaluated using 30 abstracts
prior to proceeding with screening. Conflicts were resolved through consensus by reviewers
and if this was not possible a third team member was consulted. All citations deemed
relevant at the abstract-based screening level were procured as full articles. At the next level,
full papers were used to confirm relevance prior to proceeding with study classification.
Classifying relevant research
Pertinent characteristics and results were extracted from relevant articles for study
classification. These characteristics included source of M. paratuberculosis, study design,
representativeness, outcome and sampling information. Study utility was evaluated by
identifying articles with and without the minimum extractable data. Prevalence,
concentration and/or association results were extracted as reported. Studies that failed to
isolate or identify M. paratuberculosis by culture or PCR (polymerase chain reaction) or
through an immune response were flagged as not useful for meta-analytic summary.
Study management and data analysis
Relevance screening and classification of studies were conducted using DistillerSR
(Evidence Partners, Ottawa, ON, Canada) a web-based systematic review management
software. Dataset management and descriptive analysis were conducted in Microsoft Excel
2010. As this was a scoping review, risk of bias evaluation was kept to a minimum (Higgins
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and Altman, 2008; Higgins and Green, 2011; Pham, et al., 2014). We evaluated control
groups and the representativeness of the sampling frame for each published study, and
whether there were data to extract. Representativeness was evaluated based on study design,
target population and selection of the sampling frame. Finally, where more than one study
measured the same outcome on comparable populations, we performed meta-analyses to
summarize the overall results.
Random effects meta-analyses (MA) were conducted where appropriate in STATA 13
(StataCorp 2013. Stata Statistical Software: Release 13. College Station, TX, USA:
StataCorp LP), which employs the method of moments weighting procedure (DerSimonian
and Laird, 1986). Homogenous meta-analyses with more than 10 lines of data were
evaluated for publication bias by Begg’s and Egger’s tests (Begg and Mazumdar, 1994;
Egger, et al., 1997). If publication bias was detected, Duval and Tweedie’s trim and fill
method was used to estimate the potential impact on the estimate and conclusions of the MA
(Duval and Tweedie, 2000). For outcomes with prevalence between 10-90% the logit
transformation was used. Where data were close to the extremes (<10% or >90%), the logit
transformation tends to push the overall estimate towards 50%, so the double arc sine
transformation was used to calculate a summary prevalence and confidence interval that
better reflects the data (Barendregt, et al., 2013).
Results
From 3378 unique citations captured by the literature search and search verification there
were 256 references (Appendix 3.2) considered relevant to the scoping review with 713 lines
of data, Figure 1. The majority of studies examined the presence, prevalence and/or
concentration of M. paratuberculosis in animals (n=163) (farmed domestic, pets and
wildlife), food for human consumption (67) (milk, dairy, meat, infant formula) and in water
and the environment (28). Nine studies examined risk factors for human exposure to M.
paratuberculosis and the association with Crohn’s disease for which M. paratuberculosis is
hypothesized to be an infectious disease candidate and one case series hypothesized the
public water supply was the link to a Crohn’s disease cluster. Finally, 13 genotyping studies
examined the relatedness of M. paratuberculosis isolates from various combinations of
domestic animals, dairy products and environmental samples.
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M. paratuberculosis in food for human consumption
Food for human consumption was investigated in 77 studies; 67 describing the presence or
prevalence of M paratuberculosis in raw and pasteurized milk, other dairy products, infant
formula, breast milk, raw and pasteurized milk cheese, and meat, Figure 2. Summaries of the
prevalence observed in these studies by detection method and product can be found in Table
1 (Forest plots are available in Appendiz 3.3). Figure 3 graphically shows the meta-analytic
summaries of prevalence for dairy samples from individual teat milk, bulk tank milk, raw
and pasteurized milk and cheese products as determined by culture and IS900 polymerase
chain reaction (PCR) detection methods.
The prevalence on raw meat (mainly beef; one study examined mutton) was similar to
commercial dairy products. Several studies demonstrated an increased likelihood of M.
paratuberculosis detection on meat if the animal was Johne’s disease positive, although the
pathogen load in muscle was low, Table 1 (Reddacliff, et al., 2010; Pribylova, et al., 2011b).
Some studies demonstrated a strong correlation between positive test results (culture and
PCR) from fecal, mesenteric lymph node and intestinal samples. One study demonstrated
80% of hamburger samples containing mesenteric lymph nodes from a Johne’s disease
positive cow were positive (Mutharia, et al., 2010; Pribylova, et al., 2011b). The effect of
cooking or freezing was investigated in a few experiments (Mutharia, et al., 2010;
Whittington, et al., 2010; Saucier and Plamondon, 2011); freezing to -18 or -196oC did not
eliminate M. paratuberculosis (Mutharia, et al., 2010), and cooking to 70oC for 2.5 minutes
or 71.1oC for 1.5 minutes gave a 12D reduction in M. paratuberculosis (Saucier and
Plamondon, 2011).
One study evaluated several European brands of infant formula by PCR for M.
paratuberculosis and found a high prevalence, however none of the samples were culture
positive (Hruska, et al., 2005). A small case control study identified M. paratuberculosis by
culture from the breast milk of mothers affected by Crohn’s disease, but not from control
mothers, demonstrating that M. paratuberculosis may be excreted in breast milk, and that
this excretion may be associated with Crohn’s disease (Naser, et al., 2000).
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Prevalence in water
Since 2003, several studies examined M. paratuberculosis contamination in treated and
untreated water. PCR results for drinking water were highly variable with an overall metaanalytic average of 23% (95%CI 6.1, 57.0), however there was only one report of a culture
positive drinking water sample (Aboagye and Rowe, 2011). Contamination of surface water,
including lakes and rivers fed by runoff areas and water troughs, was investigated in seven
studies that reported an overall prevalence of 12.8% culture positive and 42.6%- 90% PCR
positive samples in several countries (Table 2 and Appendix 3.3). Mycobacterium avium
ssp. paratuberculosis can survive for 16-20 weeks in water and 28 to more than 90 weeks in
sediment, thus the aquatic environment may be a significant source for both humans and
animals (Pickup, et al., 2005; Whittington, et al., 2005). Based on environmental inoculation
experiments, slope of the land and concentration of M. paratuberculosis on the soil were
strong determinants of the contamination in runoff water (Salgado, et al., 2013).
Prevalence in the environment
Mycobacterium avium ssp. paratuberculosis has been shown to be a resilient organism in
nine studies investigating its survival in the environment and 21 studies on levels of
contamination in and around ruminant farms. Seven studies collected non-manure samples
in cattle barns with a culture positive prevalence of 35.5% (95%CI 27.2, 43.9) and five
studies collected manure samples with a prevalence of 54.9% (30.7, 79.1) (Table 2). In two
of the studies the prevalence in manure was lower in the yard 2.0% (0.0, 7.1) and in the fields
7.6% (0.0, 31.1). Eisenberg (2011) demonstrated that in barns where 81% of dust samples
were positive for M. paratuberculosis, high pressure cold water wash, disinfectant and two
week waiting period before repopulation were necessary to reduce M. paratuberculosis below
detectable levels (Eisenberg, et al., 2011). Other studies showed composting was ineffective
at eliminating M. paratuberculosis (Tkachuk, et al., 2013) and M. paratuberculosis can
survive in a biogas plant for up to 6 months with DNA detectable by PCR for longer (Slana,
et al., 2011). In experimental challenge trials invertebrates were shown to be competent M.
paratuberculosis hosts; protozoa (Whan, et al., 2006) and nematodes (Lloyd, et al., 2001)
were shown to take up the organism and provide a host environment for M. paratuberculosis
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to survive and replicate; another study demonstrated persistence and replication within
protists over 24 weeks (Mura, et al., 2006).
M. paratuberculosis infection in animals
The majority of studies captured in this review focused on animal-level M. paratuberculosis
infection in domestic ruminants (cattle, buffalo, sheep, goats, deer), other domestic animals
and wildlife. These have been summarized in Figures 1-2 and in Table 3 by species and
continent. There was large heterogeneity between studies and between meta-analytic
prevalence estimates for apparently healthy animals by isolation method and continent for
dairy cattle 4.5-20.7%, other cattle 0.5-29.9%, buffalo 1.0-37.0%, goats 3.8-46.4%, sheep
6.1-50.0%, farmed deer 1.0-39.0%, and in wild animal populations 0-100% (Table 3). Five
studies were not included in Table 3 because the study sample was not representative of the
target population or the article failed to report results of their survey. Among these, two nonrepresentative surveys of dairy cattle in Iran and Turkey reported a meta-analytic prevalence
in dairy cattle of 21% (11.6-32.3) I2, 70.8% for fecal staining (Anzabi, et al., 2013; Yildirim
and Civelek, 2013). Mycobacterium ssp. paratuberculosis was reported in farmed red deer in
Ireland, wild red deer in Austria and farmed tundra reindeer in Scotland although no
prevalence estimates were reported (Power, et al., 1993; Glawischnig, et al., 2006; Del-Pozo,
et al., 2013).
A number of studies examined clinical or suspect Johne’s disease (JD) positive ruminants or
non-ruminants with apparent gastrointestinal disease. Two studies summarized the apparent
prevalence of clinical JD in their national herd; in England 1995, JD cases per head of cattle
2.0% (132/6738) (Cetinkaya, et al., 1998) and in the Czech Republic from 1995-2002
4,000,372 cattle carcasses were inspected and of these 0.026% (n =1039) were diagnosed
with JD (Vecerek, et al., 2003). Several other studies were undertaken to assess infection in
ruminants with JD or non-ruminants with gastrointestinal disease, and are summarized in this
paragraph. Dogs with gastrointestinal disease were not significantly more likely to be M.
paratuberculosis positive (OR 7.14, 95%CI 0.39 -132.13) compared to control dogs
(Glanemann, et al., 2008). Prevalence of M. paratuberculosis in suspect Johne’s disease
dairy cattle by fecal culture was reported to be 50% in Egypt and 41% by culture or 32% by
ELISA in Brazil (Salem, et al., 2005; Ristow, et al., 2007). Meta-analysis of results from
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buffalo suspected of JD in Pakistan and India were M. paratuberculosis positive in 12% of
cases (95%CI 11-15, I2 0%) by PCR, 5% (2-10, I2 0%) by ELISA and 7% (0-27, I2 99%)
by visual confirmation (Sivakumar, et al., 2006; Khan, et al., 2010; Sikandar, et al., 2012).
Suspected JD in beef and dairy cattle from Europe and Asia were M. paratuberculosis
positive in 16.8% of cases (10.9-23.7, I2 91%) by PCR and culture (Branciari, et al., 2008;
Kaur, et al., 2010; Khan, et al., 2010; Munster, et al., 2011). Studies of suspect caprine
Johne’s disease cases from Europe yielded a meta-analysis M. paratuberculosis prevalence
of 24.6% (14.2-36.8, I2 55%) by ELISA (Hartnagel, 2000; Stau, et al., 2012). The only
swine investigation collected lymph nodes with JD like lesions at slaughter and reported 4/50
were PCR positive for M. paratuberculosis (Miranda, et al., 2011). Two studies examining
suspected JD in bison in the USA reported culture-PCR positives in 66.5% (14.5-100, I2
95%) of samples (Buergelt and Ginn, 2000; Ellingson, et al., 2003). Five studies of
suspected JD cases in deer were conducted; in white tailed deer in the USA, M.
paratuberculosis culture prevalence was 22.1% (0-67.4, I2 98%), and in red and fallow deer
in Europe the culture prevalence was 23.8% (8.1-43.8, I2 0%) (Marco, et al., 2002; Hattel, et
al., 2004; Glawischnig, et al., 2006; Woodbury, et al., 2008; Sleeman, et al., 2009). Pygmy
goats from an infected herd were M. paratuberculosis positive by culture in 76.9% of cases
and captive elk within a newly infected herd had a 35% mortality rate within the first two
years of life due to M. paratuberculosis (Manning, et al., 1123; 1280; Manning, et al., 2003).
Molecular epidemiology of M. paratuberculosis
Thirteen studies were captured that compared strain differences among M. paratuberculosis
isolates recovered from various species and from different geographic areas. Most of these
studies were based on existing isolate collections, and showed a fair amount of homogeneity
within M. paratuberculosis strains, but that strains from human infections were less diverse
compared to those from cattle (Wynne, et al., 2011). Results were derived from several
methods making it difficult to make direct comparisons, including IS1311 restriction
fragment length polymorphism (RFLP) analyses (Whittington, et al., 2000; Motiwala, et al.,
2003; Singh, et al., 2010b; Okuni, et al., 2012; Liapi, et al., 2015), IS900 RFLP (de Lisle, et
al., 1993; Francois, et al., 1997; Whittington, et al., 2000; Stevenson, et al., 2009), pulsedfield gel electrophoresis (PFGE) (Stevenson, et al., 2009), amplified fragment length
polymorphism (AFLP) (Stevenson, et al., 2009), mycobacterial interspersed repetitive unit
50

(MIRU)-variable number tandem repeats (VNTR) locus (Stevenson, et al., 2009; FernandezSilva, et al., 2012) randomly amplified polymorphic DNA (RAPD) (Pillai, et al., 2001),
multi-locus short sequence repeat sequencing (MLSSR) (Fernandez-Silva, et al., 2012),
Multiplex PCR of IS900 integration loci (MPIL) (Motiwala, et al., 2004), short sequence
repeats (SSR) (Ghadiali, et al., 2004), and single nucleotide polymorphisms (SNPs) (Wynne,
et al., 2011). A tally of the type of M. paratuberculosis (e.g. cattle, sheep, bison) found by
species category is shown in Figure 4. Multiple fingerprinting techniques were used to show
the diversity of M. paratuberculosis within populations, and it was argued that it is possible
to demonstrate strain sharing within and across species by the degree of homogeneity
between isolates (Stevenson, et al., 2009). These results indicate that while cattle type M.
paratuberculosis still predominates among ruminants (with the exception of sheep) and nonruminants, there is also increasing evidence of the importance of bison type M.
paratuberculosis and its ability, like the cattle type, to transfer between host species (Singh,
et al., 2010b; Sohal, et al., 2014; Ahlstrom, et al., 2015; Podder, et al., 2015).
Risk factors potentially related to M. paratuberculosis exposure for developing Crohn’s
disease or M. paratuberculosis seropositivity
Risk factors potentially related to M. paratuberculosis exposure for developing Crohn’s
disease or reactivity to M. paratuberculosis were evaluated in nine case-control studies, and
the observed odds ratios for examined risk factors are described in Table 4. Risk factors
related to consumption or likely direct exposure to many types of foods, direct contact,
occupation and environmental factors were inconsistently associated, showing a combination
of positive, negative or no significant association with Crohn’s disease or M.
paratuberculosis seropositivity (Table 4). Several studies observed no association among
Crohn’s disease or M. paratuberculosis seropositivity and dairy consumption, living on a
farm, having contact with animals or having Johne’s disease on the farm, all of which were
expected to increase an individual’s exposure to M. paratuberculosis and risk of disease.
Several studies found strong and consistent positive associations with consumption of
processed meat and cheese (Van Kruiningen, et al., 2005; Maconi, et al., 2010; Spehlmann,
et al., 2012).
Drinking water did not have an association with Crohn’s disease or M. paratuberculosis
seropositivity in four case control studies (Table 4) (Bernstein, et al., 2004; Van Kruiningen,
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et al., 2005; Bernstein, et al., 2006; Abubakar, et al., 2007), but in another study was
hypothesized to be the most likely common source for a cluster of Crohn’s disease patients
who lived in close proximity but did not know each other (Pierce, 2009).
Discussion
This ScR identified and summarized 255 studies evaluating potential sources of M.
paratuberculosis considered to be relevant to human exposure, including food intended for
human consumption, water, ruminants and other animals, and a variety of environmental
sources (e.g. within the farm environment, on pasture, river sediment). We identified
published evidence for M. paratuberculosis contamination of water and some foods prepared
for human consumption (milk, dairy products and meat), but no evidence for other
hypothesized foods such as produce and seafood was found.
Most of the research captured in this ScR provided evidence of M. paratuberculosis
contamination in the form of point prevalence outcomes from surveys of defined target
populations/ samples, but few studies provided information on estimating the concentration
of the organism in contaminated samples. The latter information is needed to develop a
quantitative human exposure assessment model that could aid in the interpretation of the
relative importance of various sources of M. paratuberculosis. Future studies should address
these knowledge gaps. Mycobacterium avium ssp. paratuberculosis is an extremely difficult
organism to culture and/or identify in various samples (feces, milk, blood, water). Although
not a focus of this ScR, variation in laboratory protocols across studies is an important source
of heterogeneity. The exclusion of languages other than English and French from the review
meant that 17 potentially relevant papers were excluded and although this is unlikely to
change the conclusions, it may mean that some areas of the world are under-represented.
A large proportion of the research focused on the ruminant reservoir for M. paratuberculosis
in different parts of the world. Although the results varied across studies, M.
paratuberculosis was reported to occur on every continent. Research examining wild and
captive ruminant and non-ruminant species also highlighted that M. paratuberculosis may be
isolated from many species, but the importance of the contribution of non-domestic ruminant
species to human exposure to M. paratuberculosis relative to domestic ruminants has not
been closely examined (Mura, et al., 2006; Carta, et al., 2013). The global evidence reported
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in this ScR shows that although there are some regional differences, M. paratuberculosis is a
global animal health problem, an agri-food problem and possibly a zoonotic public health
issue (Waddell, et al., 2015).
Mycobacterium avium ssp. paratuberculosis has been shown to survive in a variety of
environmental conditions ranging from several weeks in barn dust samples to almost two
years in river sediment highlighting the plausible link between ruminant excretion of M.
paratuberculosis and subsequent contamination of the wider environment due to manure
management, runoff from manure storage or use of manure as fertilizer (Eisenberg, et al.,
2012; Pickup, et al., 2005; Pribylova, et al., 2011a; Salgado, et al., 2013; Tkachuk, et al.,
2013). This probably leads to contamination of drinking water as well as produce (e.g.
through irrigation) and seafood. Further research is required to examine how hardy M.
paratuberculosis is in its spore-like state and how long it survives in manure storage and
composting to better understand the risk of contaminating other potential environmental
sources of M. paratuberculosis for humans (Lamont, et al., 2012). Control programs for M.
paratuberculosis will also have to consider manure management strategies to manage the
burden of M. paratuberculosis in the environment. Addressing these upstream sources of M.
paratuberculosis at the animal and farm level will likely impact the level of contamination
for many foods destined for human consumption and identified as possible sources of M.
paratuberculosis in this ScR.
Studies of risk factors for Crohn’s disease or M. paratuberculosis infection in humans (n=9)
did not report significant association with the consumption of dairy products or contact with
ruminants, both of which are considered likely routes of human exposure by topic specialists
(Waddell, et al., 2016). There was also no association with water, or produce consumption
(Van Kruiningen, et al., 2005; Bernstein, et al., 2006; Maconi, et al., 2010). However,
consumption of cheese and fermented meats were strongly associated with developing
Crohn’s disease in several studies (Van Kruiningen, et al., 2005; Maconi, et al., 2010;
Spehlmann, et al., 2012). The retrospective case control surveys offer a very low level of
evidence and do not provide evidence of a causal relationship with Crohn’s disease, but they
are excellent studies for hypothesis generation and establishing directions for future research.
On the other hand, there is likely to be a long latency period for any M. paratuberculosisrelated disease in humans, and this poses challenges to the proper classification of food and
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environmental risk factors. Gathering evidence to address the remaining uncertainties
concerning the importance of various exposures and the relationship between exposure and
developing Crohn’s disease is likely more complex than a simple exposure-dose response
relationship and there are other necessary individual and /or environmental factors required
to produce Crohn’s disease. Research to date has been unable to clarify the necessary or
sufficient factors that lead to development of Crohn’s disease and there is a lack of evidence
to support the assumption that prevention of human exposure to M. paratuberculosis will
prevent Crohn’s disease in some or all of the susceptible populations. As an initial step,
evaluating how humans are exposed to M. paratuberculosis and what role M.
paratuberculosis plays in human disease are complementary priorities that can contribute to
evidence-informed and risk-based evaluation of mitigation strategies.
For most groups of studies measuring the same outcome in this ScR, there was considerable
outcome heterogeneity that could be due to variability in any individual or combination of
factors including herd-level burden of Johne’s disease, region, time and detection limits of
isolation methods. Ruminant derived foods for human consumption including milk, dairy
products and meat were shown to be sporadic sources of M. paratuberculosis at low
concentrations. From the beef and sheep meat studies there were two important observations;
meat samples that contained tissue from the intestine or mesenteric lymph nodes were at
increased risk of M. paratuberculosis contamination, and the time and temperature required
to kill M. paratuberculosis were longer than those required by USDA regulation for the
elimination of E. coli O157 (Mutharia, et al., 2010; Pribylova, et al., 2011b; Saucier and
Plamondon, 2011). Drinking water may be a source of M. paratuberculosis for humans as
shown in a small number of studies. Future research that investigates M. paratuberculosis
susceptibility to drinking water treatments is needed to understand the potential risk of
exposure through consumption of treated drinking water.
Molecular epidemiology studies can be used to compare isolates of M. paratuberculosis.
This can aid in our understanding of potential sources, the degree of strain sharing within and
between species, and whether all or limited types of M. paratuberculosis are potentially
zoonotic or shared between a variety of animal species. To date the results of these studies
mainly indicate the ruminant species that usually carry particular types of M.
paratuberculosis and that there is some strain sharing across these species (Stevenson, et al.,
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2009). Molecular methods have rapidly evolved and as our results show, multiple methods
have been used, most recently whole genome sequencing of M. paratuberculosis (Singh, et
al., 2013; Ahlstrom, et al., 2015). The multitude of molecular methods used to date has been
a barrier to meaningful synthesis of molecular epidemiological results (Ahlstrom, et al.,
2015; Muellner, et al., 2015), therefore as data from whole genome sequencing become more
widely used in epidemiological investigations, researchers should seek consensus on target
markers to aid in the comparability of results across studies. In future, molecular
epidemiology studies should also be used to trace sources of human exposure (food, water,
and environment) to M. paratuberculosis and further investigate the pathogenic
characteristics of various M. paratuberculosis (Ghadiali, et al., 2004).
Conclusion
This scoping review identified evidence for potential sources of human exposure to M.
paratuberculosis. Food sources such as milk, cheese, other dairy products (both pasteurized
and unpasteurized), and raw meat were shown in several studies to be contaminated.
However, in case control studies consumption of many of these foods was not associated or
had contradictory evidence of association with Crohn’s disease or M. paratuberculosis
seropositive status. Some foods that were significant risk factors in the case control studies,
such as processed meats, have not been examined for contamination in published food
surveys. Similarly, other foods such as produce and seafood that were hypothesised to be
potential sources of M. paratuberculosis for humans have not been examined for
contamination, but remain plausible sources given the survivability of M. paratuberculosis in
the environment and water (Pribylova, et al., 2011a; Waddell, et al., 2016). Based on the
evidence summarized in this ScR, we were unable to rule out any of the hypothesized
sources of M. paratuberculosis for humans. The reviewed evidence supports that people
consuming a typical diet are likely exposed at least intermittently to some (quantity
uncertain) M. paratuberculosis via food and water. At this time, many ruminant industries
are working on programs to control Johne’s disease and successful implementation of these
programs may lead to a decrease in M. paratuberculosis load in many of the animal, food
and environmental sources identified in this ScR (Waddell, et al., 2015). This review
identified several knowledge gaps pertaining to the concentration and prevalence of
contamination in various sources that should be addressed to provide the necessary data for
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an exposure assessment model for humans and evidence-informed decision-making on this
potential zoonotic public health issue.
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Total (deduplicated) = 3378

•
•
•
•
•
•
•
•
•

EXCLUSIONS
2671 Not Relevant
122 Relevant literature reviews
11 relevant commentaries
27 relevant predicitve models
58 Evaluating the sensitivity of a test
53 Only on risk factors for Johne’s disease
18 Not relevant molecular epideimology study
21 Evaluation of Johnes disease mitigation strategies

Classification of Studies = 393
(full paper evaluation)

•
•
•
•
•
•
•
•
•

EXCLUSIONS
17 Relevant primary foreign language
18 Relevant literature review
6 Relevant commentary
3 Predictive models
73 Not relevant exclude
21 No data to extract
2 inappropriate control group
3 duplicate

Animals= 176 studies (413 lines of Data)*
Domestic Animals = 132 (218) (cattle, sheep, goats, farmed deer, swine,
buffalo, zebu, dogs and cats)
Wild animals = 66 (198) (wild deer, rodents, birds and many random
wild and captive animals)

Relevant Summarized Papers
= 256 studies/ 713 lines of data

Food for human consumption= 77 studies (200 Lines of Data)*
Dairy = 68 (137), Meat = 14 (36), Produce = 3 (8), Other Diet =6 (17),
formula 2 (3), Breast milk = 1 (1)
Environment = 35 (100 Lines of Data)*
Farm environment = 15 (39), soil/manure = 10 (12), drinking water = 10
(15), untreated water= 10 (17), other samples= 8 (13)

Figure 1: Flow of citations and articles through the scoping review on sources of human
exposure to M. Paratuberculosis. *Articles sum to more than the total as citations contribute
to more than one category.
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Ŧ = raw milk study counts include sampling of individual teat milk, bulk tank
milk and retail unpasteurized milk. Past. = pasteurized, ¥= Other dairy studies
included yogurt, ice cream, flavoured milk drinks. *= formula (2), breast milk
(1), risk factor studies examining an association with Crohn’s disease or
paratuberculosis exposure and consumption patterns.
Environment
Prevalence
Longitudinal
prevalence
Crosssectional
Case Control
Cohort
Case Report
Genotyping
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Trial
Quasiexperiment

N
studies
6
6
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Water
4
1
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2
3
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1
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0
0
0
0
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0
0
0
0
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0
4
4

1
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1
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* Other includes studies that examined invertebrates (4), plant uptake of M.
paratuberculosis (2) and farm related risk factors (3).
Figure 2: The number of studies captured in the scoping review tabulated by study design
and source of M. paratuberculosis under the main headings of animal, food and environment.
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Figure 3: Summary of 12 random effects meta-analyses (triangle= summary measure of
effect, line= 95% confidence interval) of the prevalence of M. paratuberculosis in products
from dairy cattle, sheep and goat by culture and IS900 PCR for individual teat milk from
cows, bulk tank milk, raw milk pasteurized milk, raw milk cheese, pasteurized milk cheese.
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Figure 4: The bubbles in the plot represent the number of M. paratuberculosis isolates
reported in 10 molecular epidemiology studies by type of M. paratuberculosis and species
category.
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Table 1, Summary of Findings: the prevalence of M. paratuberculosis in milk, dairy products or other
foods for human consumption
Population: milk, dairy and other foods for human consumption
Outcome: prevalence or concentration of Mycobacterium avium ssp. paratuberculosis
Study Design: prevalence survey, longitudinal prevalence, cross-sectional
Studies grouped Prevalence (95% CI) Heterogeneity Number of
Comments
by sample the
from a metaI2
observations
M.
analysis/ a single
/ trials /
paratuberculosis study value
studies
detection
method
Bulk Tank
Milk
1.3% (0.0, 5.2)MA+
83%
1067/13/10
(2001-2010) 9 dairy cattle and 3
Culture
sheep and goat.
Dairy Cattle 3.5% (0.2, 9.1)MA+
88%
942/9/9
Sheep and Goats 0%
0%
125/4/3
14.6% (12.9, 16.2)MA 99%
1701/2/2
Dairy cattle USA (2010) (Wilson,
ELISA
et al., 2010) & Italy (2012)
(Bergagna, et al., 2012)
34.1% (24.1, 44.1)MA 98%
2974/16/13
(2001-2010) 12 dairy cattle and 3
PCR – IS900
sheep and goat.
Dairy Cattle 37.1% (26.3, 47.9)MA 89%
2849/12/12
Sheep and Goats 14.4% (0.0, 54.9)MA+ 86%
125/4/3
6.4% (1.5, 23.5)
220/1/1
Dairy cattle, Cyprus (2009)
PCR – F57
(Slana, et al., 2009)
423/1/1
Dairy cattle, Germany (2006)
PCR – ISMav2 5.4% (1.3, 20.0)
(Stratmann, et al., 2006)
28.6% (8.7, 62.8)
220/1/1
Dairy cattle, Cyprus (2010)
qPCR
(Ridge, et al., 2010)
Individual Teat Milk
7.5% (2.1, 15.3)MA+
97%
2938/13/11
(1995-2013) 9 dairy cattle, 3 goat
Culture
and 1 sheep study
Dairy cattle 10.9% (3.4, 21.4)
97%
2550/9/9
(1995-2013) Dairy cattle teat
prevalence ranged from 1%- 84%
in global studies.
Sheep and Goats 0.7% (0, 12.5)MA+
81%
388/4/3
(2003-2010) One sheep and goat
study from Cyprus (Botsaris, et
al., 2010), and goat studies from
Norway (Djonne, et al., 2003)
reported 0% prevalence and India
(13%) (Ronald, et al., 2009)
27.0% (8.4, 45.7)MA
96%
1361/4/4
(2000-2012) the prevalence in 3
ELISA
dairy cattle from Denmark (8.8%)
and India (32-58%) and 1 goat
study (12%) from Chile.
21.9% (17.6, 26.3)MA 97%
4791/27/19
(2002-2013) 16 dairy cattle, 2
PCR – IS900
goat and 1 sheep study.
Dairy cattle 19.3% (14.8, 23.8)MA 95%
3981/20/18
(2002-2013) representing herds in
the Americas, Asia and Europe.
Sheep and Goat 35.7% (19.7, 51.6)
99%
860/5/3
(2003-2009) the studies from
India found a prevalence of 55%
in sheep (Selvam, et al., 2009)
and 27% in goats (Ronald, et al.,
2009) and 11% in goats from
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Norway (Djonne, et al., 2003).
PCR – F57

14.6% (1.5, 65.5)

72/1/1

Staining

14.3% (10.5, 18.1)MA

0%

319/3/3

Raw Milk
Culture

10.2% (0.0, 32.8)MA+

93%

320/3/3

PCR-IS900

14.1% (2.5, 24.8)MA

95%

517/5/5

PCR- F57

12.5% (3.1, 38.6)

Pasteurized
Milk
Culture

5.3% (1.9, 10.0)MA+

91%

2091/9/7

PCR-IS900

13.1% (8.7, 17.5)MA

79%

1792/8/7

Staining

4.5% (0.2, 56.2)

16/1/1

10/1/1

Pasteurized Milk Cheese
1.1% (0.0, 10.9)MA+
Culture

58%

143/5/3

PCR – IS900

17.2% (1.8, 32.7)MA

89%

182/5/2

Raw Milk
Cheese
Culture

1.7% (0, 12.0)MA+

85%

258/4/3

PCR- IS900

7.7 % (4.3, 11.9)MA+

88%

200/2/1

PCR- F57

4.5% (2.0, 9.7)

133/1/1

Meat
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Dairy cattle (2008) Czech
republic (Slana, et al., 2008)
Dairy cattle (2012-2013) in India
(Vinodh Kumar and Gunaseelan,
2012), Iran (Anzabi, et al., 2013)
and Turkey (Yildirim and
Civelek, 2013)
Prevalence studies from the
United Kingdom (2002) (Grant, et
al., 2002a; Grant, et al., 2002b)
showed 0.8-6.7% and from India
(2010) (Shankar, et al., 2010)
44%.
(2002-2012) Studies from the
United Kingdom (Grant, et al.,
2002a; Grant, et al., 2002b)
Germany (Dzieciol, et al., 2010),
Italy (Giacometti, et al., 2012)
and India (Shankar, et al., 2010)
Switzerland (2005) (Tasara and
Stephan, 2005)
(2002-2012) Prevalence from the
United Kingdom (2-7%), Czech
republic (0.7-1.6%), USA (2.8%),
Argentina (2.9%), Chile (2.7%)
and India (56 – 72%).
(1996-2012) Prevalence from the
United Kingdom (7-21%), Italy
(4.5%), Canada (15.5%), and
India (10-39%).
India (2012) (Vinodh Kumar and
Gunaseelan, 2012)
(2005-2010) Variety of cheese
from soft to hard. Czech Republic
(0-4.3%), USA (1%), Scotland
(67%).
(2005-2006) Variety of cheese
from Czech republic (3-20%),
Greece (50%) and USA (5%)
(2007 – 2010) Variety of cheeses
sampled Switzerland (0%),
Scotland (0-36%), Cyprus (0%)
(2010) Cyprus (Botsaris, et al.,
2010)
(2007) Switzerland (Stephan, et
al., 2007)

Culture – raw
beef and sheep
meat

3.3% (0.5,6.2)MA

95%

813/6/4

PCR – IS900

25.5% (5.7, 50.8)MA

96%

1057/9/3

PCR- F57

8.9% (6.7, 11.8)

482/1/1

Infant Formula
PCR- IS900

49% (35.7, 62.5)

51/1/1

PCR – F57

35.3% (23.5, 49.2)

51/1/1

Breast Milk
Culture

OR 55 (0.83, 3650)

7/1/1

(2007-2011) Reported prevalence
from Spain (12.8%) (AlonsoHearn, et al., 2009), USA (0%)
(Jaravata, et al., 2007), Denmark
(0.4%) (Okura, et al., 2011) and
Australia (4.5% in healthy sheep
– 59% in clinical Johne’s animals
with concentrations ranging from
0.88-1.77 log10 M.
paratuberculosis per gram of
tissue.) (Reddacliff, et al., 2010)
(2008-2011) Reported prevalence
from Canada (36.5%) (Meadus, et
al., 2008) beef carcass swabs,
Denmark (4%) (Okura, et al.,
2011), and Czech Republic (16.7
– 50%) (Klanicova, et al., 2011)
raw beef samples mainly. Pork,
chicken, lamb and cooked and
fermented meats also sampled in
Czech Republic.
Canada (2008) beef carcass
swabs. (Meadus, et al., 2008)
(2005) Czech republic, 10 brands
from 7 EU countries (Hruska, et
al., 2005)
(2005) Czech republic, 10 brands
from 7 EU countries (Hruska, et
al., 2005). Concentration of M.
paratuberculosis range: 48 – 32.5
x 103 per gram of dried milk
(Hruska, et al., 2011)

(2000) Small case control study
that cultured M. paratuberculosis
from human breast milk of
Crohn’s disease patients (2/2), but
not controls (0/5) (Naser, et al.,
2000)
CI: Confidence interval, MA: meta-analysis, MA+: A double arc sine transformation was used instead of the
standard logit transformation. OR= odds ratio.
PCR: polymerase chain reaction, I2: measure of heterogeneity
Footnote: The prevalence of M. paratuberculosis in foods was investigated in 62 studies by culture, PCR,
ELISA or hybridization to identify M. paratuberculosis in samples (milk, cheese, other dairy, meat, infant
formula and breast milk). 56/62 studies provided useable data and are included in the summaries and metaanalyses presented in this table. All 8 excluded studies were from individual teat milk surveys where 3
sampled only Johne’s disease positive cattle, not a representative sample (2), sample not reported (1), results
(1) or total sample (1) not reported. Most studies were surveys or cross-sectional studies, one was a case
control and there was a lot of unexplained heterogeneity across studies. Study estimates vary by sample, time,
and location and there was not enough data globally to draw conclusions on trends or burden in particular
areas. Thus the prevalence values presented here indicate the current findings; however, future research will
likely alter the estimates from this summary of findings table.
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Table 2, Summary of Findings: the prevalence of M. paratuberculosis in water, soil and environment
Population: water, soil and environmental samples
Outcome: prevalence or concentration of Mycobacterium avium ssp. paratuberculosis
Study Design: prevalence survey, longitudinal prevalence, cross-sectional
Studies grouped
by sample then
M.
paratuberculosis
detection method
Drinking Water

Prevalence (95%
CI) from a metaanalysis/ a single
study value

Culture

2.3% (0.0, 66.8)

PCR – IS900

35.7% (21.5,
49.8)MA

98%

534/8/5

8.7% (2.5, 17.0)MA+

64%

350/6/5

42.5% (25.5,
60.4)MA

88%

297/5/2

Untreated Water
Culture

PCR – IS900

Lake sediment
PCR- IS900
Barn Samples
Culture

Heterogeneity
I2

90% (53.3, 98.6)

35.5% (27.2,
43.9)MA

99%

Number of
observations
/ trials /
studies

Comments

43/1/1

(2011) N. Ireland, clean water samples
at a water treatment plant.
(2006-2012) One study from the USA
reported high PCR results in Texas (7688%), but not in a country wide survey
(0%) (Beumer, et al., 2010). Prevalence
in South Wales (2%) (Pickup, et al.,
2006), Italy (3%)(Pistone, et al., 2012),
N. Ireland (47%)(Aboagye and Rowe,
2011), Germany and Spain (2%)
(Villarreal, et al., 2010)
(2003-2010) Prevalence in water
troughs in Slovakia (2%) and USA
(17%). In runoff water in Australia
(17%) and USA (38%) and in river
water in UK (8-13%).
(2005-2011) Prevalence in river and
lake water 29-69%, 23% in sewage and
56% at the water treatment plant in the
UK and Northern Ireland (Pickup, et
al., 2006; Aboagye and Rowe, 2011)

10/1/1

South Wales, UK (2006) (Pickup, et al.,
2006) samples from lake sediment on
farms.

2584/25/7

(2004-2012) A variety of samples
within the barn from cattle farms in the
USA, the Netherlands and Slovakia .
Dust samples, USA (2010) (Eisenberg,
et al., 2010)

PCR IS900

36.4% (23.6, 51.4)

Field samples
Culture

7.6% (0.0, 31.1)MA+

96%

387/3/2

69.1% (58.6,
79.6)MA

0%

72/4/1

(2003, 2010) Pasture prevalence from
Australia (9.5-20%) (Whittington, et
al., 2003) and Slovakia (0.4%) (Pavlik,
et al., 2010)
One study from Czech republic (2011)
examining the M. paratuberculosis
uptake of plants in a naturally
contaminated field. (Pribylova, et al.,
2011a)

54.9% (30.7,

98%

846/5/5

(2004-2011) USA environmental

PCR-IS900

Farm - manure
Culture

44/1/1

75

79.1)MA
Yard
Culture

2.0% (0.0, 7.1)MA+

samples on cattle farms mainly focused
on manure and manure storage.
0%

97/2/2

(2003-2011) yard samples from a sheep
farm in Australia (0%) (Whittington, et
al., 2003) and a cattle farm in the
Netherlands (4.4%) (Eisenberg, et al.,
2012)
CI: Confidence interval, MA: meta-analysis, MA+: A double arc sine transformation was used instead of the
standard logit transformation. OR= odds ratio.
PCR: polymerase chain reaction, I2: measure of heterogeneity
Footnote: The prevalence of M. paratuberculosis in water was investigated in 11 studies using culture and
PCR, 10 of which provided useable data and are included in the summaries and meta-analyses presented in
this table. One excluded study did not use a M. paratuberculosis specific PCR. There were few studies that
have investigated M. paratuberculosis in water and those captured in this review are not representative of
their countries or of the global burden. The heterogeneity was high between studies and reasons for this have
not been explained. Future research will likely change the estimates in this summary of findings table.
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Table 3: Individual animal prevalence of M. paratuberculosis in domestic and wild animal populations from random effects metaanalyses or individual study results by continent.

North America
Cattle
Dairy Cattle Culture
Dairy Cattle – PCR
Dairy Cattle- ELISA
Beef Cattle – ELISA
Mixed Cattle –
culture/ PCR

16145/8/8 (0%)
6.6% (4.6-9.0)f
High / Low
328/2/1 (0%)
4.7% (3.2-6.5) s,f
High / Low
67858/14/12 (0%)
5.1% (3.9-6.4)s
High / Low
12287/5/5 (0%)
2.1% (1.2-3.4)s
High / Low
N/A

Mixed Cattle –
ELISA - Bovine type
target
Mixed Cattle –
ELISA
Bison type target
Other Large
Ruminants –ELISA /
immune reaction –
Bovine type target
Other Large
Ruminants –ELISA Bison type target

N/A

Other Large
Ruminants –

Number of observations/trials/studies (% trials with zero prevalence)a
Meta-analysis prevalence (%) estimates (95% CI) b
Heterogeneity rating / Risk of selection bias (low, medium or high)c
Europe
Australasia
South America
1735/1/1 (0%)
6.4% (5.3-7.6)f
na /Low
404/4/1 (0%)
4.0% (1.3-7.8) f,t
Med / High
25817/9/9 (0%)
7.5% (4.2- 11.7)s
High / Low
6576/3/3 (0%)
1.7% (0.4-4.0)s
High / Low
756/1/1 (0%)
0.5% (0.1-1.2)
Na / Low
138780/5/5 (0%)
2.8% (1.5-4.6)s
High / Low
N/A

N/A

N/A

N/A

N/A

N/A

715/2/2 (0%)
5.3% (3.8-7.1)s
High / Low
N/A

11515/1/1 (0%)
0.6% (0.5-0.7)s
Na/ Low
N/A

N/A

22612/1/1 (0%)
0.9% (0.8-1.0)s
Na / Low
N/A

N/A

N/A

N/A

N/A

Buffalo
1350/1/1 (0%)
2.7% (1.9-3.7)s
Na / Low
N/A

N/A

N/A

N/A

N/A

N/A

Zebu
160/1/1 (0%)

N/A
N/A
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N/A

Asia/ Middle East

Africa

1022/4/4 (0%)
11.3% (3.2-23.4)f
High / High
750/4/3 (0%)
21.5% (11.5-33.5)f
High / High
2014/3/3 (0%)
5.9% (4.9-7.0)s
Low/ Low
1646/2/2 (0%)
0.8% (0.4-1.3)s
Low / Low
96/1/1 (100%)
Na / High
927/2/2 (0%)
3.2% (2.1-4.5)s
High / Low
452/1/1 (0%)
29.9% (25.7-34.2)s
Na / Low
Buffalo
711/3/3 (33%)
1.1% (0.0-5.3)s
High / Med
Buffalo
1140/2/2 (0%)
31.1% (28.5-33.9)s
High / Med
Buffalo
75/2/1 (0%)

N/A
N/A
N/A
N/A
N/A
943/1/1 (0%)
3.7% (2.6-5.0)s
Na/ Low
N/A
N/A

N/A

N/A

culture/PCR

1.3% (0.3-4.9)f
Na/ Low

35.9% (25.1-46.8)t
Low/ High

602/3/3 (0%)
9.2% (6.9-11.5)f
Low / Low

Goat
Goat - Culture

N/A

Goat – PCR

N/A

Goat – ELISA

N/A

12076/2/2 (0%)
3.0% (2.7-3.3)s
High / Low

N/A

41/1/1 (0%)
22% (12-37)s
Na / high

101/2/2 (0%)
46.5% (36.8-56.2)f
Low / High
30/1/1 (0%)
60.0% (41.1-77.0)f
Na/ High
953/3/3 (0%)
30.3% (9.9-50.6)s
High / Med.

Sheep
Sheep – Culture

N/A

N/A

N/A

N/A

26/2/2 (0%)
50% (27.2-72.8)t, f
Low / High
N/A

N/A

Sheep – PCR

180/1/1 (0%)
6.1% (3.0-10.1)f, t
Na / Low
N/A

N/A

N/A

Sheep – ELISA /
immunoassay

N/A

4740/5/5 (0%)
7.9% (3.7-13.3)s
High / Low

N/A

211/1/1 (0%)
9.5% (5.9-13.8)s
Na/ Low
211/1/1 (0%)
7.6% (4.4-11.6)s
Na / Low

320/1/1 (0%)
18.1% (14.1-22.5)s
Na/ Low

N/A

205/2/2 (0%)
3.6% (1.3-6.8)t
High/Low
341/2/2 (0%)
3.5% (1.6-5.5)s
Na/ High

2814/6/2 (0%)
14.8% (4.4-29.8)f
High / Low
670/4/4 (0%)
9.6%(2.7-16.6) s
High / Low

251/1/1 (0%)
39.0% (33.2-45.2)f
Na/ Low
N/A

N/A

N/A

N/A

N/A

N/A

N/A

1487/5/5 (0%)
2.2% (0.6-4.6)t
High/ med
170/1/1 (0%)
1.2% (0.3-4.2)t
Na/ low
1381/3/3 (0%)
2.2% (1.5-3.1)s

3995/10/4 (20%)
4.4% (1.5-8.5)t,f
Low / High
114/2/2 (0%)
9.9% (4.7-16.4)t
High/ High
2390/9/6 (22%)
6.7% (0.9-16.4)s

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Farmed Deer
Farmed Deerd –
culture
Farmed Deer
ELISA
Wild Deer
Wild Deer
Culture

d

d

-

–

Wild Deer d - PCR
Wild Deer d- ELISA

220/1/1 (0%)
5.5% (2.8-8.9)f
Na / Low

N/A
N/A
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N/A
N/A
12/1/1 (0%)
8.3% (0.0-32.0)
Na/ High

Low/low
Other wild ruminantsW
N/A
Wild Antelope(Boselaphus
tragocamelus) culture
Wild Bison – PCR /
ELISA
Mouflon (Ovis aries
musimon)- culture /
ELISA
wild guanacos (lama
guanicoe) - culture
Wild rocky mountain
bighorn sheep –
culture/ PCR
Wild- Captive Zoo
Herdsz
Wild AnimalsW
Wild Armadillo –
culture
Badger - culture
Wild brown bear
(Ursus arctos) –
culture
Wild Boarculture/PCR
Wild Brushtail
possum – culture

385/1/1 (0%)
3.11%f
Na/low
N/A
N/A
69/2/1 (50%)
0.0% /4.35%f,t
Na/ low
N/A

23/1/1
17.4%t
Na / High
5/2/2 (50%)
22.7% (0-77)t
High/High
N/A
N/A
N/A

High/ High
N/A

N/A

N/A

42/1/1 (0%)
23.8% f
na / High

N/A

62/2/1 (0%)
8.3% (0-24.5)s
High/High
798/2/2 (0%)
2.3%t,f / 1.0%s
N/a / Low
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

501/1/1 (0%)
4.2%f
Na/ low
N/A

N/A

N/A

74/4/1 (0%)
10.5% (3.0-21.3)s
Low/Low

N/A

N/a

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

20/1/1 (0%)
10%t
Na / Low
851/2/2 (0%)
0.0% (0-0.4)f,t
Med/ Low
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

73/1/1 (0%)
25%t
Na / high

N/A

N/A

N/A
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wild coyotes (Canis
latrans)
Feral cats (felis
familiaris) – culture
Wild ferret – culture
Wild fox- culture and
ELISA
Wild Hares – culture

63/1/1 (0%)
23.8%t
Na / Low
30/3/3 (0%)
31.3% (6.9-61.9)t
High/ high
N/A
73/1/1 (0%)
39.7% t
Na/ high
N/A

N/A

N/A

N/A

N/A

N/A

N/A

23/1/1 (0%)
17.4%t
Na/ high
44/1/1 (0%)
6.8%t
Na/ high
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

81/2/1 (50%)
3.2%(0.0-9.9)t
Low/High
55/2/1 (0%)
36.2% (23.5-49.7)t
Low/ high
N/A

380/2/1 (0%)
12.6%t, 4.21%f
NA/ Low
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

1267/7/5 (14%)
19.0% (6.3-36.2)t,f
High/ Low
N/A

142/3/3 (33%)
15.5% (5.0-29.0)t,f
Low/High
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
343/3/3 (33%)
21.0% (0.0-79.2)f,t
High/ high
36/2/2 (50%)
0.0% (0.0-6.3)f,t
Med/High
N/A

Wild hedgehog –
culture

N/A

Wild Mice - culture

9/1/1 (0%)
11.1%t
Na/high
62/3/3 (33%)
3.9% (0.0-8.9)
Low / High
64/2/2 (50%)
0.3% (0.0-5.2)t,f
Low/ High
115/4/4 (25%)
17.5% (0.0-36.7)t
High/ high
45/2/1 (0%)
2.7% (0.0-7.4)t
Med/ Med
N/A

149/1/1
1.3%t
Na / high
N/A

90/2/2 (0%)
42.7% (0.0-6.0)t
Med/Low
N/A

4/1/1 (100%)
N/a / High
N/A

N/A

N/A

N/A

N/A

N/A

15/2/2 (0%)
17.9% (0.8-35.0)t

N/A

N/A

N/A

25/1/1 (0%)
8.0%f
Na/ high
N/A

Wild opossums
(Didelphis
virginiana)- culture
Wild rabbits
Wild racoons –
culture
Wild rat - culture
Wild rhesus
macaques – culture
Wild skunks
(Mephetis mephetis)
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N/A

Wild weasel - culture

high/ high
4/1/1 (0%)
25% t
Na/ high
37/1/1 (0%)
45.6%t
Na/Low
N/A

Wild voles- culture

N/A

Wild birds
Wild black-backed
gull – culture

N/A

N/A

Wild Jackdawculture

N/A

Wild house sparrow –
culture

60/1/1 (0%)
1.67%t
Na/ high
N/A

38/1/1 (0%)
8% t
n/a/ High
44/1/1 (0%)
2.27%t
Na/ high
10/1/1 (0%)
10%t
Na / high
N/A

– culture
Wild southeastern
shrew- culture
Wild Stoat - culture

Wild magpie - culture
Wild Starling –
culture
Wild waterfowl PCR

104/2/2 (50%)
6.1% (0.00-31.7)t, f
High/ High
N/A

N/A

N/A

N/A

N/A

N/A

N/A

5/1/1 (100%)
Na/ High
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

5/1/1 (0%)
20%t
Na / high
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

4/1/1 (100%)
Na / high
2/1/1 (100%)
Na/ high
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

5/2/2 (50%)
30.0% (0.0-68.0)f,t
High/High
39/1/1 (0%)
5.1%t
Na/ high

73/1/1 (0%)
11% f
n/a / Low

N/A = No data available. Med. = medium. f feces, t tissue, s blood/ serum, d Deer species sampled in Kovecna (2006) included Sika and fallow deer; in Boadella
(2010) Iberian roe deer and the rest of the data is based on Red deer. W M. paratuberculosis was not cultured in Australasian Harrier (n=3) (Nugent, et al.,
2011), bezoar (Capra aegagrus) (27) (Kopecna, et al., 2006), chamois (Rupicapra rupicapra) (134) (Kopecna, et al., 2006), hawk (1) (Florou, et al., 2008), owl
(1) (Florou, et al., 2008), Spur-winged plover (1) (Nugent, et al., 2011), wolf (1) (Florou, et al., 2008), duck (1) (Whittington, et al., 2003). M. paratuberculosis
was cultured in all samples for Eurasian Otter (n=2) (Matos, et al., 2013), Common snipe (1) (Corn, et al., 2005), Tapir (1), Okapi (1), Gayal (1), Blesbok (3),
Banteng (1), Barbary Sheep (3) (Vansnick, et al., 2005). z Eland (Taurotragus oryx), Nilgai (Boselaphus tragocamelus), Pudu (Pudu pudu), Yak
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(Poëphagus mutus grunniens).
Observations/trials/studies: The observations are the total number of samples for all studies included in the summarized category. The number of studies is the
number of articles captured. In some cases, articles report data on multiple prevalence trials or sampling frames. While the observations for each trial are
independent by time and sample, they are part of a larger study where the methods and investigators are the same. Thus, there is not full independence in these
observations and we note this by acknowledging there are multiple trials within a study.
b
Indicates an average prevalence estimate (and 95% confidence interval) from a random-effects meta-analysis. Meta-analysis estimates were calculated only at
least one trial found a positive sample. For those with an overall prevalence <10% or >90% we used a double arc sine transformation and for prevalence 1090% we used the standard logit transformation.
c 2
I is a measure of the degree of heterogeneity between trials combined in the meta-analysis. Heterogeneity rating definitions: low = I2 0-30%; medium = 3160%; high = >60%. Selection bias rating definitions: high = 0-30% of trials used a representative sample; medium = 31-60% of trials used a representative
sample; low = >60% of trials used a representative sample. Studies that conducted random or systematic sampling were considered representative.
a
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Table 4, Summary of Findings: The association between being Crohn’s disease positive or M.
paratuberculosis seropositive^ and food, water and environmental risk factors reported in 9 studies.
Outcome: Odds Ratio (95% Confidence interval): observations/trials/studies
Study Design: case-control
Reference
Risk Factor
Protective
No Association
Risky Association
Association
Meat
NS: 532/2/2
1.19 (1.06, 1.34):
(Sakamoto, et al.,
218/1/1
2005; Abubakar,
et al., 2007)
Processed
(Maconi, et al.,
7.8 (1.61, 37.89):
Meat
185/1/1
2010; Spehlmann,
7.9 (2.15, 38.12):
et al., 2012)
104/1/1
red meat
NS: 185/1/1
(Van Kruiningen,
1.34 (0.72, 2.51):
et al., 2005;
217/1/1
Maconi, et al.,
2010)
white meat
(Bernstein, et al.,
NS: 185/1/1
(chicken)
1.42 (0.92, 2.16):
2006; Maconi, et
797/1/1
al., 2010)
Pork
2.48 (1.4, 4.4):
(Van Kruiningen,
797/1/1
et al., 2005;
2.52 (1.06, 6):
Bernstein, et al.,
217/1/1
2006)
Eggs
NS: 532/2/2
(Sakamoto, et al.,
2005; Maconi, et
al., 2010)
Dairy
0.95 (0.85, 1.06):
(Sakamoto, et al.,
218/1/1
2005; Jones, et
0.5 (0.24, 1.05)*:
al., 2006;
347/1/1
Abubakar, et al.,
4.62 (0.52, 218):
2007)
5361/1/1
Unpasteurized 0.67 (0.49, 0.91):
(Van Kruiningen,
0.55 (0.07, 4.11):
2.24 (1.1, 4.58):
Milk
797/1/1
5361/1/1
217/1/1
et al., 2005;
Bernstein, et al.,
2006; Jones, et
al., 2006)
0.86 (0.77,0.96):
NS: 185/1/1
Pasteurized
(Abubakar, et al.,
Milk
218/1/1
2007; Maconi, et
al., 2010)
Cheese
3.7 (1.14,
(Van Kruiningen,
12.01)*:185/1/1
et al., 2005;
6.54 (1.94, 22):
Maconi, et al.,
2010)
217/1/1
Fish
0.18 (0.05, 0.67)*:
1 (0.9, 1.12): 218/1/1 2.41 (1.18, 4.89)*
(Sakamoto, et al.,
185/1/1
NS: 347/1/1
347/1/1
2005; Abubakar,
et al., 2007;
Maconi, et al.,
2010)}
Tuna
0.25 (0.08, 0.77)*:
(Maconi, et al.,
2010)
185/1/1
Vegetables
0.21 (0.05, 0.78)*:
2.19 (1.14, 4.22)~:
(Sakamoto, et al.,
185/1/1
347/1/1
2005; Maconi, et
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Potatoes

0.24 (0.06, 0.91)*:
185/1/1

Mushrooms
Fruit

NS: 347/1/1
0.78 (0.7, 0.87):
218/1/1

Bread
Grains

NS: 347/1/1

NS: 532/2/2

NS: 532/2/2
0.51 (0.27. 1) - bran
0.38 (0.21, 0.7)- oat
0.2 (0.1, 0.38) - rye
217/1/1

NS: 185/1/1

Rice

NS: 532/2/2

Pasta

NS: 532/2/2

Nuts and
Seeds
Oil

NS: 347/1/1

Butter/
margarine
Fats

NS: 185/1/1

NS: 185/1/1

Sugar
sweets/
confections

NS: 185/1/1

soft drink
consumption
Coffee/Tea
consumption
Filtered
Water
Public Water
supply

0.68 (0.44, 1.04):
797/1/1
NS: 5361/1/1
0.45 (0.27, 0.76):
218/1/1
0.34 (0.18. 0.66):
217/1/1

Private Water

Pet cat as a
child

1.35 (0.39, 4.72):
218/1/1
0.93 (0.69, 1.26)^:
967/1/1
0.77 (0.56, 1.06):
797/1/1
NS: 217/1/1

0.68 (0.5, 0.92):
797/1/1
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2.64 (1.29, 5.39)*:
347/1/1
2.12 (1.08, 4.17)*:
347/1/1
2.83 (1.38, 5.83):
347/1/1

al., 2010)
(Sakamoto, et al.,
2005; Maconi, et
al., 2010)
(Sakamoto, et al.,
2005)
(Sakamoto, et al.,
2005; Abubakar,
et al., 2007;
Maconi, et al.,
2010)
(Sakamoto, et al.,
2005; Maconi, et
al., 2010)
(Van Kruiningen,
et al., 2005;
Maconi, et al.,
2010)
(Sakamoto, et al.,
2005; Maconi, et
al., 2010)
(Sakamoto, et al.,
2005; Maconi, et
al., 2010)
(Sakamoto, et al.,
2005)
(Maconi, et al.,
2010)
(Maconi, et al.,
2010)
(Sakamoto, et al.,
2005)
(Sakamoto, et al.,
2005)
(Sakamoto, et al.,
2005; Maconi, et
al., 2010)
(Bernstein, et al.,
2006)
(Jones, et al.,
2006)
(Abubakar, et al.,
2007)
(Bernstein, et al.,
2004; Van
Kruiningen, et al.,
2005; Abubakar,
et al., 2007)
(Van Kruiningen,
et al., 2005;
Bernstein, et al.,
2006)
(Bernstein, et al.,
2006)

Pet cat
Pet dog
Pet bird
Relative with
CD or IBD
Occupation:
veterinarian
living on a
farm

visiting a
farm
Contact with
farm animals

0.13 (0.06, 0.29):
217/1/1
0.49 (0.27, 0.92):
217/1/1
0.45 (0.22, 0.93):
217/1/1
CD 2.8 (0.5, 14.8):
1526/1/1
IBD 1.01 (0.74,
1.37): 967/1/1
NS: 1526/1/1
0.69 (0.44, 1.07):
797/1/1
NS: 1526/1/1
1.52 (0.18, 70.1):
5361/1/1
0.68 (0.43, 1.06)^ poultry
0.92 (0.65, 1.31)^ cattle
0.97 (.62-1.51)^ - pig
967/1/1
1.02 (0.68, 1.54):
218/1/1
3.81 (0.2, 224.6):
5361/1/1
1.28 (0.74, 2.21):
218/1/1
2.5 (0.3, 20):
1526/1/1
0.64 (0.11, 4.39):
5361/1/1
1.63 (0.15, 9.95):
5361/1/1
NS: 218/1/1

(Van Kruiningen,
et al., 2005)
(Van Kruiningen,
et al., 2005)
(Van Kruiningen,
et al., 2005)
(Qual, et al.,
2010)
(Qual, et al.,
2010)
(Bernstein, et al.,
2004; Bernstein,
et al., 2006;
Jones, et al.,
2006; Qual, et al.,
2010)

(Jones, et al.,
2006; Abubakar,
et al., 2007)
(Jones, et al.,
2006; Abubakar,
et al., 2007; Qual,
et al., 2010)

JD on the
(Jones, et al.,
farm
2006)
Animal
(Abubakar, et al.,
density in
2007)
water
catchment
NS: 218/1/1
JD in water
(Abubakar, et al.,
catchment
2007)
CD: Crohn’s disease, JD: Johne’s disease, NS: not significant, OR odds ratio, CI: confidence interval, *
high calorie consumer, ~ low calorie consumer, ^ odds of being M. paratuberculosis ELISA positive.
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CHAPTER 4
The zoonotic potential of Mycobacterium avium ssp. paratuberculosis: systematic
review and meta-analyses of the evidence.
As published in Epidemiology and Infection, 2015, 143(15), 3135-572

Abstract
This systematic review–meta-analysis appraises and summarizes all the available research
(128 papers) on the zoonotic potential of Mycobacterium avium ssp. paratuberculosis. The
latter has been debated for a century due to pathogenic and clinical similarities between
Johne’s disease in ruminants and Crohn’s disease (108 studies) in humans and recently for
involvement in other human diseases; Human immunodeficiency virus (HIV) infection (2),
Sarcoidosis (3), Diabetes mellitus type 1 (T1DM) (7) and type 2 (3), Multiple sclerosis (5)
and Hashimoto’s thyroiditis (2). Meta-analysis results indicated a significant positive
association, consistently across different laboratory methods for Crohn’s disease OR range
4.26 – 8.44, T1DM OR range 2.91 – 9.95 and multiple sclerosis OR range 6.5 – 7.99. The
latter two and the thyroiditis hypothesis require further investigation to confirm the
association. Meta-regression of Crohn’s disease studies using DNA detection methods
indicated that choice of primers and sampling frame (e.g. general population vs. hospital
based sample) explained a significant proportion of heterogeneity. Other epidemiological
studies demonstrated a lack of association among high risk occupations and development of
Crohn’s disease. Due to knowledge gaps in understanding the role of M. paratuberculosis in
the development or progression of human disease, the evidence at present is not strong
enough to inform the potential public health impact of M. paratuberculosis exposure.

Introduction
The zoonotic potential of Mycobacterium avium ssp. paratuberculosis has been debated for a
century since it was first suggested that Crohn’s disease is pathologically and clinically
2

Waddell L, Rajić A, Stärk KD, McEwen SA.The Zoonotic Potential of Mycobacterium avium ssp.
paratuberculosis: Systematic review and meta-analyses of the evidence. Epidemiology and Infection 2015 Nov;
143: 3135-3157; doi:http://dx.doi.org/10.1017/S095026881500076X.
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analogous to Johne’s disease [1-3]. Research on this association has increased over the last
30 years, from the first isolation of M. paratuberculosis in a Crohn’s disease patient by
Chiondini et al. (1984) and the subsequently published review of evidence supporting the
potential association in 1989 [4, 5]. A detailed history of this research can be found in a
number of papers and books on this topic [1, 6]. More recently M. paratuberculosis has been
hypothesized to play a role in the development or progression of a number of other human
diseases including HIV infection, sarcoidosis, diabetes mellitus type 1 (T1DM) and type 2
(T2DM), multiple sclerosis and Hashimoto’s thyroiditis mainly on the basis of immune
dysfunction hypotheses [7-11].
These chronic diseases have no known cure and together they affect several hundred million
people globally. Crohn’s disease is a chronic debilitating idiopathic gastroenteritis that
affects 1-2 million people worldwide [6, 12]. Similarly diabetes mellitus (T1DM, an auto
immune condition where insulin is not produced by the pancreas and T2DM, a condition
where cells do not respond to normal levels of insulin) affects 382 million people worldwide
[13]. Multiple sclerosis is a complex autoimmune disease of the central nervous system that
affects an estimated 1.3 million people worldwide [8, 14]. Hashimoto’s thyroiditis (chronic
lymphocytic thyroiditis) is an autoimmune disease in which the thyroid gland is attacked by a
variety of cell- and antibody-mediated immune processes and affects 7.2-36 million people
worldwide [15]. Sarcoidosis is an unexplained abnormal collection of inflammatory cells in
organs that usually resolves without medical intervention except in rare cases where it can
become a chronic condition; it is estimated to affect 0.07-2.9 million people worldwide [16].
Many of the hypotheses on the potential zoonotic role of M. paratuberculosis draw on
pathological and clinical similarities (analogy) between Johne’s disease in ruminants and
Crohn’s disease in humans, and M. paratuberculosis’ ability to cause natural infection in
non-ruminants e.g. dogs, rabbits, non-human primates [1, 17]. The evidence for M.
paratuberculosis role in human disease to date points to multiple interacting factors such as
dysregulation of the immune system (e.g. genetic predisposition, immune-mediated tissue
injury) and environmental exposures, such as diet and exposure to pathogens or changes in
the normal gut microflora that combined may cause the disease [1, 6]. Molecular mimicry
has also been suggested to have a role in the pathogenesis of Crohn’s disease, T1DM and
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multiple sclerosis, proposing that an infectious agent like M. paratuberculosis has antigenic
elements similar to the host that can induce autoimmunity [8].
This systematic review (SR) tabulates the global evidence and presents meta-analytic
summaries of the current knowledge underpinning the public health question, is M.
paratuberculosis zoonotic [18, 19]? The SR updates a previous SR covering primary
research until the end of 2005 [20] and evaluates agreement or changes in research
knowledge published over the last nine years [6, 21-23]. The scope of this SR is extended
beyond potential association between M. paratuberculosis and Crohn’s disease, and includes
all human diseases that have been linked with M. paratuberculosis. To the best of our
knowledge no other SR has evaluated evidence on M. paratuberculosis as an infectious
disease candidate for multiple human diseases.
The objectives of this SR-MA are: 1) to identify and characterise the research investigating
an association between human diseases and M. paratuberculosis, 2) to estimate the strength
of the association(s) and agreement across epidemiological studies using various detection
methods and, 3) evaluate strengths, weaknesses, and gaps in current evidence. Knowledge
gaps and future research priorities to address public health questions are highlighted in the
discussion.
Methods
Protocol
An a priori developed and pre-tested SR protocol (Appendix 4.3) included the study
question, sub-questions, definitions, procedure for literature search, study inclusion/exclusion
criteria and checklists for conducting relevance screening, basic characterization,
methodological assessment and data extraction on relevant primary research, following the
general principles of SR methodology [18, 24, 25]. All primary research investigating the
zoonotic potential of M. paratuberculosis and human disease, and published in English or
French languages was analysed. This included case-control studies investigating
associations between M. paratuberculosis and human disease, studies looking at the
association between Johne’s disease in ruminants and human disease and molecular
epidemiology studies examining the relatedness of human and animal isolates of M.
88

paratuberculosis. Relevant expertise within our systematic review research team included M.
paratuberculosis, food safety, risk assessment, epidemiology, library, and synthesis research
(e.g. systematic review and meta-analysis) methods.
Search strategy
The original search strategy by Waddell et al (2008) was simplified and updated based on
recent improvements in electronic bibliographic databases and the number of databases was
reduced based on the results of unpublished research on search sensitivity and specificity
[26]. The following search algorithms were implemented on 27th September 2013 in three
databases; Pubmed, Scopus and Current Contents.
((johne disease) OR (Johne’s disease) OR (johne* disease) OR paratuberculosis OR
(mycobacterium paratuberculosis) Or (mycobacteria AND crohn*))
AND
((crohn* disease) OR (crohn disease) OR (Crohn’s disease) OR (inflammatory bowel
disease) OR (inflammatory bowel diseases) OR diabetes OR sarcoidosis OR lymphadenitis
OR immunocompromis* OR (AIDS) OR (Blau syndrome) OR (multiple sclerosis) OR
thyroiditis)
For research on Crohn’s disease, publication date was set from 1 January 2005 onward
without any other restrictions or filters as this aspect was already investigated in the previous
SR covering research to 2005 [20]. For all other diseases we did not impose any
restrictions. Citations retrieved from all databases were imported into reference management
software Procite v 5.0.3 (ISI ResearchSoft Inc. 1995) and de-duplicated. Search verification
was two-fold; first, reference lists of review articles [6, 27-31] and three systematic reviews
published on M. paratuberculosis [21-23] were searched by hand. Secondly we identified
citations relevant to this SR during relevance screening for a scoping review on sources of M.
paratuberculosis being conducted at the same time to identify any potentially missed
citations. Any potentially relevant unique citation identified by search verification was
added to the SR at the relevance screening stage and processed through all SR tools as
appropriate.
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Abstract and article-level relevance screening and study characterization
Through initial abstract-based screening (Figure 1) by two reviewers working independently,
all potentially relevant primary research in English or French investigating the zoonotic
potential of M. paratuberculosis was identified. Non-primary research studies (e.g. narrative
reviews) or primary research studies outside of the scope were intentionally excluded. All
citations deemed relevant at the abstract-based screening level were procured as full articles.
Abstract screening was conducted by two independent reviewers using standardized and pretested checklists. Reviewer agreement (κ ≥0.8) was evaluated using 30 abstracts. Conflicts
were resolved through consensus between respective reviewers and if this was not possible,
by a third team member.
Risk of bias, GRADE and data extraction
Full paper assessment using a modification of the Risk of Bias and Grading of
Recommendations Assessment, Development and Evaluation (GRADE) criteria endorsed by
the Cochrane collaboration was undertaken on each study and GRADE criteria were
summarized for groups of studies contributing to each meta-analysis [32-35]. The risk of bias
assessment aims to assess the internal validity of the study which informs one of the GRADE
criteria [33, 34]. GRADE criteria are summarized across groups of like studies to indicate
the level of confidence in the current evidence; results are available in Appendix 4.4 [35].
The one to four star grading system indicates **** high confidence that the effect estimate is
close to the true effect; *** moderate confidence in the effect estimate, but future studies
may be substantially different; ** limited confidence in the estimate of effect, the true effect
may be substantially different; * very little confidence in the estimate of effect, the true effect
is likely to be substantially different [36-38]. The data extraction tool (Appendix 4.3) aimed
to efficiently capture the pertinent information and results needed for meta-analysis from
each study. Both steps were conducted by two reviewers working independently and
conflicts were resolved by consensus.
Study management and data analysis
All SR stages; relevance screening, risk of bias assessment and data extraction were
conducted in Microsoft Excel 2010 (Microsoft Corp., USA). The data were analysed
descriptively (STATA v.13, (StataCorp. USA)) followed by random effects meta-analysis
(MA) of selected sub-groups of data in Comprehensive Meta-analysis Software V2 (Biostat,
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Englewood, NJ), which employs the method of moments weighting procedure [39].
Heterogeneity, or across study variation, was quantified by Higgins’ I2 [40]. Meta-regression
was conducted in STATA v.13 using the random effects maximum likelihood (REML)
model and changes in T2, an estimate of τ2 or true standard variance across studies was used
to quantify the amount of heterogeneity that was explained by covariates in the model [41].
Where appropriate, homogenous meta-analyses with more than 10 lines of data were
evaluated for publication bias by Begg’s and Egger’s test [42, 43]. If publication bias was
detected, Duval and Tweedie’s trim and fill method was used to estimate the potential impact
on the estimate and conclusions of the MA [44]. Results with high heterogeneity are still
reported in this manuscript as we believe that they are more informative than reporting a
range of results. However, we caution readers to use heterogeneous results carefully as the
source of heterogeneity is unknown and future research may significantly change the results
of the MA.
Results
Description of relevant studies
The updated electronic search yielded 876 citations after de-duplication and figure 1 shows
the progression of papers through the SR process. A total of 128 articles, 60 added in this
update 2005-2013, are included and summarized in this SR (Appendix 4.1). All studies were
published in English and originated from United States of America (USA)/Canada 30%,
Europe 52.6%, Asia 9.8%, Australia and New Zealand 6.0% and the Middle East 0.8%. The
top three publishing countries were: 25.6% USA (n=34), 18.8% Italy (n=25, 16 from a single
research group) and 12% United Kingdom (n=16). The first relevant study was published in
1980; however the majority (65%) of the studies summarized in this SR were published since
2000. Studies were mainly observational (95%) and case control was the most common
study design (87%). Patients with Crohn’s disease were the focus of 80% of studies, with
human immunodeficiency virus (HIV) (1.6%), sarcoidosis (2.4%), T1DM (5.5%), T2DM
(2.4%), multiple sclerosis (5.5%), Hashimoto’s thyroiditis (1.6%) and human (disease not
reported in a few prevalence surveys and molecular epidemiology studies) (3.9%) also
captured in this SR.
Studies were categorized in three main groups; 1. those that evaluated the association of M.
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paratuberculosis with human disease, 2. the association between Johne’s disease in
ruminants and human disease (mainly Crohn’s disease), and 3. molecular epidemiology
studies investigating the relatedness of M. paratuberculosis isolates from different species to
evaluate evidence for strain sharing and zoonotic potential. There were 116 studies that
contributed 163 lines of data summarized in tables 1-4 on the association of M.
paratuberculosis with Crohn’s disease (96 studies), HIV (2), sarcoidosis (3), T1DM (7),
T2DM (3), multiple sclerosis (5), Hashimoto’s thyroiditis (2) (Appendix 4.2 – forest plots).
Five studies with different study designs and objectives looked at evidence for an association
between Johne’s disease and Crohn’s disease including two cross-sectional studies
examining high exposure occupations and Crohn’s disease [45, 46], one case series that
tested newly diagnosed Crohn’s disease patients over five years for M. paratuberculosis [47]
and two challenge trials that investigated whether M. paratuberculosis isolates from humans
could produce Johne’s disease in goats [48, 49]. Seven molecular epidemiology studies
looked at the relatedness of M. paratuberculosis isolates from a variety of species including
humans [50-56].
M. paratuberculosis association with Crohn’s Disease
One hundred and eight studies examined the association between M. paratuberculosis
bacteria or antigen with Crohn’s disease, and of these 96 were case-control studies. Sixty
seven case-control studies directly detected the presence of M. paratuberculosis from human
samples; faeces, blood, or intestinal tissue using culture (confirmed by staining, histology
and PCR), PCR (single and nested) or hybridization. Of these 67 studies 18 were excluded
from summarization and analysis because they did not have any M. paratuberculosis positive
results (17 studies) or they had 100% positive samples in both groups (1) [57-74]. There
were 15 studies (19 lines) that reported detection of live M. paratuberculosis by culture with
an overall OR 8.44 (4.51, 15.83), I2 42%, Table 1. Similarly across 40 studies (45 lines) that
detected M. paratuberculosis DNA (44) or RNA (1) in samples by PCR and hybridization
the overall OR 5.24 (3.33, 8.25), I2 83% showed a heterogeneous positive association.
Investigating reasons for this heterogeneity by sub-group analysis of PCR primers and using
meta-regression for selected explanatory variables indicated that the origin of the sampling
frame (hospital, clinic, general population or isolate library) accounted for a significant
proportion of heterogeneity (33%). Substantial variation in OR by different detection
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methods was observed across studies, particularly among PCR primers used (many
developed in-house); the results are synthesized by primer in Table 1. Several primers
yielded non-significant results across several studies. No other a priori selected explanatory
variable accounted for the heterogeneity, including choice of control group (healthy, other
intestinal disease or ulcerative colitis), M. paratuberculosis detection methods (direct PCR,
nested PCR, and hybridization), sample type (faeces, blood or intestinal tissue- biopsy vs.
resected), sample state (fresh, frozen, paraffin embedded), primer size, GRADE (down grade
or no grade change) or risk of bias (low, unclear and high) designation. Among direct
detection studies, 27 reported a significant positive association, 15 a positive non-significant
association, five a negative non-significant association, and two a significant negative
association. A further 17 did not isolate any M. paratuberculosis and one reported 100%
samples positive; these studies could not assess association. Since most studies were
secondary based case-controls design, confidence in this evidence is moderate to weak
(GRADE ** to ***).
Thirty eight studies (54 lines of data) used evidence of immune response by ELISA or
immunoblot and/or examined differing results in lymphocyte or cytokine assays in Crohn’s
disease patients compared to controls. Similar to the results for detection of M.
paratuberculosis, 16 ELISA studies (22 lines) used a number of antigens, demonstrated high
heterogeneity between studies and had an overall OR 4.26 (2.45, 7.38), I2 81%, figure 2. The
two studies (four lines) that reported results from sodiumdodcylsulfate (SDS)-immunoblot
had an overall OR of 25.01 (12.55, 49.85), I2 43% (Table 2). Four other studies reported
significant associations with reactivity to M. paratuberculosis [75-78], four reported no
significant association [79-82] and one reported contradictory associations between children
and adults with Crohn’s disease [83] (Table 2). Three studies were excluded from this
summary because no reaction to M. paratuberculosis occurred [63], only Crohn’s disease
patients were tested [84] and results were not reported separately for Crohn’s disease and
ulcerative colitis patients [85]. Eleven studies (14 lines) examined differences in lymphocyte
proliferation or cytokine production in response to M. paratuberculosis between Crohn’s
disease patients and controls (Table 3). A significant association between Crohn’s disease
patients and controls was reported in two of four studies using lymphocyte proliferation
where peripheral blood lymphocytes (PBL) were suppressed and there was increased
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suppression cell function in one study [86] and higher T-cell proliferation in the other for
Crohn’s disease patients compared to controls [87]. Eight studies examined cytokine
production, three found no association and the remaining five reported lower IFN-γ and
higher IL-4, IL-2, TNF-α in Crohn’s disease patients compared to controls. Only IL-10,
examined in four studies, had conflicting results in two studies [88, 89] and non-significant
results in two studies [76, 90], Table 3. Overall studies examining immune reactions to M.
paratuberculosis in Crohn’s disease patients and controls reported significant positive
association in 22 studies and non-significant results in 15 studies (14 positive and one
negative).
A small number of non-case control observational studies and experiments relevant to the
evaluation of the association between M. paratuberculosis and Crohn’s disease were
identified. As shown in Table 5, two cross-sectional surveys did not find an association
between Crohn’s disease and high risk occupations such as dairy farming and practicing
veterinary medicine on large animals [45, 46]. The third study was a case series of newly
diagnosed Crohn’s disease patients that were followed and periodically tested for M.
paratuberculosis over five years. In this study of 13 patients, three always tested positive,
three were always negative and the other seven tested both positive and negative over time
[47]. Two studies were challenge trials where M. paratuberculosis strains isolated from
humans were used to experimentally challenge young goats, however neither trial was of
long enough duration to produce clinical Johne’s disease in the goats and only one trial
described Johne’s disease-like lesions [48, 49].
Molecular epidemiology studies (7) make up the last type of relevant evidence by comparing
isolates from different species and humans, some linked by geography and time, while others
are from diverse sources around the world (Table 6). Globally, human isolates were
considered most likely to be of bovine origin [51-55], although the human isolates from two
studies were also closely related to ovine type M. paratuberculosis [52, 53]. In addition, two
studies from India reported that a high proportion of human isolates were bison type, results
so far unique to India [56, 91]. Wynne et al. (2011) described human isolates that matched
the bovine isolate from samples taken at the same time in the same region, lending evidence
for potential sharing of M. paratuberculosis between species [51].
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M. paratuberculosis association with human disease other than Crohn’s Disease
The majority of research on M. paratuberculosis association with human disease has focused
on Crohn’s disease described in the previous section; however there are 20 studies (16 casecontrol, three case reports and one case series) that investigated the potential association of
M. paratuberculosis with other human diseases (Table 4). The evidence within these studies
was deemed very weak (GRADE *), meaning future research may completely change the
conclusions of current research. The exception was T1DM that was recently investigated in
seven studies (from the USA and Italy) all of which agreed an association may exist,
providing weak, but consistent evidence (GRADE * to **) for an association (Table 4).
Random effects meta-analysis of the association between T1DM and direct detection of M.
paratuberculosis by PCR yielded an odds ratio (OR) of 2.91 (95% confidence interval 1.33,
6.33) [10, 92-94] and for the association between T1DM and detection of an immune
reaction to M. paratuberculosis by ELISA yielded an OR of 9.95 (95%CI 5.75, 17.25) [9295] two additional ELISA studies not included in the MA reported significantly higher
reactions to M. paratuberbulosis in T1DM patients compared to controls [96, 97]. Since our
SR search, a study from India has reported finding no association with T1DM [98].
Recently, very weak evidence for a significant association with multiple sclerosis and M.
paratuberculosis has been investigated in Sardinia, Italy, which is a unique isolated
population that has very high levels of auto-immune disease [99, 100], three studies [101103] were removed from this summary as they are preliminary data to Frau et al. 2013 [100]
to avoid double counting results (personal communication, Dr. Sechi). The generalizability
of this association needs to be investigated. A hypothesis was presented for an association
between M. paratuberculosis infection and Hashimoto’s thyroiditis based on two case reports
involving one family [9, 104]. This has been further supported by a study published after our
SR search also from Italy that provides evidence for an association with M. paratuberculosis
[105] however, future research on other populations is needed to provide further evidence for
this hypothesis. In contrast, there was no observed association between M. paratuberculosis
infection with T2DM [92, 94, 106] and non-significant results from HIV [107, 108] and
sarcoidosis studies [109-111]. The latter two diseases were examined over a decade ago and
no further studies examining this association have been published.
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Discussion
This systematic review is an in-depth analysis of the current global evidence underpinning
the zoonotic potential of M. paratuberculosis. The 60 studies added to this review since the
original search in 2005 [20], indicate that research on the potential association with human
disease is still very active and not limited to Crohn’s disease, but now include a possible
association with T1DM, multiple sclerosis and Hashimoto’s thyroiditis that will require
further research to confirm or refute the existence of a true association. The meta-analyses of
case-control studies on Crohn’s disease conducted on different test categories demonstrate
agreement in the direction and relative strength of the association. However, there is a
general lack of evidence that explains the role of M. paratuberculosis in Crohn’s disease and
the wide variation in control or disease group M. paratuberculosis prevalence across studies,
indications that the evidence required to understand the role, if any, of M. paratuberculosis
in the initiation or progression of Crohn’s disease has not been realized. Thus, we re-confirm
our previous conclusion [20] that while the zoonotic potential of M. paratuberculosis cannot
be ignored, due to important knowledge gaps in understanding its role and importance in the
development or progression of human disease, its impact on public health cannot yet be
quantified or described.
The strongest evidence for an association between M. paratuberculosis and human disease
(mainly from studies on Crohn’s disease) arises from the studies that identify culturable
organisms or DNA in appropriate samples; these studies have been conducted in increasing
numbers since the original SR [20]. Moreover, these studies were based on Crohn’s disease
populations around the world and included fecal and blood samples in addition to tissue
samples (intestinal biopsy and resection). This group of 18 studies was homogenous,
demonstrated culturable M. paratuberculosis in the samples and thus yielded the highest
confidence in the meta-analysis conclusions. However, there were a number of
methodological issues with this group of studies that ranked the risk of bias in eight of them
(five published since 2005) as high or unclear due to inappropriate sampling frames and poor
reporting of study design. There are many widely accepted guidelines for study design and
reporting (e.g. STROBE statement for reporting observational studies) that if adhered to,
should improve the utility and transparency of future studies [112-114].
Studies that used PCR and hybridization to detect M. paratuberculosis demonstrate the
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existence of M. paratuberculosis DNA (or RNA) in the sample. From this information we
cannot know if the detected DNA is from a culturable organism, but we can compare the
frequency of occurrence between disease and control groups. There were 57 PCR and
hybridization studies, of which 22 were published since 2005. There was a lot of
heterogeneity in the results of these studies from sample preparation to the vast numbers of
primers used across studies, including many that have been developed “in house” and never
validated. It should also be noted that some more widely used primers have produced only
insignificant results for an association with Crohn’s disease, thus we encourage future
researchers to consider using primers that have been validated to improve the interpretation
and comparability across studies.
In the meta-regression significant heterogeneity was explained by accounting for the origin
of the sampling frame (i.e. hospital vs. general population). The association between M.
paratuberculosis and Crohn’s disease was only significant for case-control studies that used
samples from hospitalized patients and tissue library samples, whereas samples taken from
outpatient clinics and the general population showed no relationship. There are several
possible reasons for this, including selection bias and different sampling strategies or the type
of sample, which was not significant in the univariate meta-regression; however outpatient
studies were more likely to use faeces and blood samples and had less control over the
medical history of the controls which could lead to misclassification. Alternatively, the
outpatient findings may reflect a more realistic association than the secondary base casecontrol studies. The potential discrepancy in results between primary and secondary base
studies will require further appropriately designed research.
Across case control studies there was considerable variability in the prevalence of M.
paratuberculosis prevalence in both the control and diseased groups ranging from 0-100%.
This inconsistency has not been explained in the literature, but may be due to true differences
in prevalence, differences in test sensitivity and detection limits or even variation in sampling
strategy. To complicate this further, a small cohort study by Wagner (2011) demonstrated
that some Crohn’s disease patients intermittently test positive for M. paratuberculosis by
PCR over time and infection may persist despite antimicrobial treatment [47]. Research has
not adequately addressed the effects of stage of disease and various treatments on the
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outcome of M. paratuberculosis testing and there is conflicting results on the relationship
between M. paratuberculosis test results and Crohn’s disease activity status (measure of
disease symptoms occurring at the time of sample collection) [86, 87, 115-117].
Studies that have shown an immune reaction to M. paratuberculosis provides evidence of
prior exposure to the organism, and there is some evidence that there is a different immune
response to M. paratuberculosis in Crohn’s disease patients compared to controls. Overall,
these studies provided evidence for an association at a similar magnitude to the direct
detection studies, but individually, there were many studies that did not detect a significant
association between M. paratuberculosis and human disease. Many of the lymphocyte and
cytokine assay studies were working on the hypothesis that there is immune dysfunction in
Crohn’s disease patients and they were attempting to demonstrate up-regulation or downregulation of the inflammatory pathways. This type of work is also being done for Johne’s
disease with some recent successes in the identification of M. paratuberculosis activated
immune pathways that lead to the clinical signs [118]. Across these studies there was little
consistency in their approach, lymphocyte populations, antigens or cytokines, thus limiting
the overall conclusions that can be drawn.
Evidence for the ecologic association between Johne’s disease and Crohn’s disease is limited
and not strong. The two cross-sectional studies failed to find an association between high M.
paratuberculosis exposure populations and Crohn’s disease [45, 46]. A recent molecular
epidemiology study demonstrated evidence of M. paratuberculosis strain sharing between
human and bovine isolates from the same geographic range [51]. This is in agreement with
other studies that showed human isolates were more likely to be bovine type than ovine type
M. paratuberculosis, including a recently published genome sequence from human breast
milk [51, 53-55, 119]. Exceptions to these results are studies from India, where high
proportion of an indigenous bison type M. paratuberculosis, classified as newly evolved,
have been reported [50, 56, 120-122]. The potential public health implications of high
prevalence of M. paratuberculosis in humans from India remain unclear [50]. Future
molecular research should seek to confirm the extent that different M. paratuberculosis
strains may be shared among different species.
There are several limitations to the retrospective case-control studies, case series and case
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reports which make up 90% of the research captured in this SR. These include an inability to
evaluate temporal relationships and M. paratuberculosis exposure [123]. Selection bias can
easily occur in case and control selection and the studies lack generalizability to the whole
population [123]. However, due to the long incubation period of mycobacterial infections
and therefore long latency between likely exposure and disease, and the comparative low
incidence of some of the studied diseases (particularly Crohn’s disease), case-control is often
the only feasible study design [123]. While we have gained more evidence over the past
seven years, there is still a lack of longitudinal prospective cohort or case-controls studies in
high exposure or low disease populations, respectively, that may help us understand the
potential relationship between exposure to M. paratuberculosis and disease outcomes.
Ultimately, we are still lacking an understanding of M. paratuberculosis’ role in Crohn’s
disease or other human diseases.
This updated systematic review summarizes the largely epidemiological research on the
association between M. paratuberculosis and human disease (mainly Crohn’s disease). It
highlights important knowledge gaps such as understanding M. paratuberculosis’s role in
disease and the relationship between exposure and disease development in humans.
Although we presented some strong and consistent meta-analysis results of the association
between M. paratuberculosis and human disease; the variability in M. paratuberculosis
prevalence in controls and diseased groups and a lack of understanding whether some or all
Crohn’s disease is caused or propagated by M. paratuberculosis are important knowledge
gaps. These are the reasons for the lack of support for recommending further interventions
against human exposure to M. paratuberculosis beyond what the dairy and ruminant
industries have already developed for animal health and economic reasons. Thus, M.
paratuberculosis may have a role in human disease; however the evidence is not strong
enough to inform the potential public health impact of M. paratuberculosis exposure.
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Figure 1: Flow Chart describing the movement of 3560 citations, the exclusion of 3432 and
the inclusion of 128 studies through the systematic review process.
(HIV= Human Immunodeficiency Virus, T1DM/ T2DM=Diabetes mellitus type 1/ type 2, CC= case-control
study, CR= case report or case series.)
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Figure 2: Random effects meta-analysis of 16 case-control studies, I2= 81% that examined
the association of immune reactions measured by ELISA to M. paratuberculosis in Crohn’s
disease patients compared to controls.
(MAP= M. paratuberculosis, PPD= purified protein derivative, PPA= protoplasmic antigen, HSP= heat shock
protein, AHP= alkyl hydroperoxide reductases, GSD= glycosyl transferase, HBHA= heparin-binding
hemagglutinin)
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Table 1, Summary of Findings: Association of direct detection of M. paratuberculosis and Crohn’s in humans
Population: humans
Comparison: Crohn’s disease patients compared to ulcerative colitis, non-Inflammatory bowel disease and healthy human controls
Outcome: prevalence or concentration of Mycobacterium avium ssp. paratuberculosis
Study Design: case-control (66), cross-sectional (1)
Studies grouped by M. paratuberculosis
Odds Ratio (95%
Heterogeneity Number of
Weight of Comments
detection method
CI) from a metaI2
observations /
Evidence
analysis/ a single
trials / studies
(GRADE)
Test
Primers
study value
culture and staining
8.44 (4.51, 15.83)
42%
2080/19/15
***
15/18 studies captured was included in
this MA. Excluded studies failed to
culture M. paratuberculosis or had
100% positive samples. Study
laboratory methods direct staining (1),
culture (7), culture (10) confirmed by
PCR (4) and nested PCR (6).
PCR and hybridization
5.24 (3.33, 8.25)
83%
7192/45/40
**
40/58 studies reporting the
identification of M. paratuberculosis
DNA in samples were included in the
MA and meta-regression. 18 studies
excluded for having no positive
samples: 3 hybridization, 8 PCR and 6
nested PCR and 1 nested PCR study
that had 100% positive samples.
PCR
[IS1, IS2]
7.82 (0.33, 183.08)
0%
59/1/1
*
Study from Japan
[SF214, SR289]

1.86 (0.55, 6.34)

0%

561/1/1

*

Study from New Zealand/ general
population sample.

[1, 2]

7.74 (1.11, 53.92)

0%

92/3/3

**

[150C, 921]

4.71 (1.66, 13.37)

0%

187/3/3

*

[MapF, MapR]

1.66 (0.37, 7.49)

0%

74/1/1

*

3 small studies from United States and
United Kingdom.
3 studies from Europe and India.
Results downgraded due to one or more
studies with a high risk of bias.
Study from Italy
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nested PCR

[P3N, P4N]

50.48 (6.74, 378.06)

0%

1293/1/1

*

A cross-sectional study from Germany

[p89, p92]

15.88 (5.11, 49.38)

41%

254/3/3

**

[P90, P91]

4.51 (1.94, 10.47)

52%

444/6/6

**

Three studies from Italy, same research
group.
4 United states and 2 United Kingdom

[PBT5, PBT12]

0.99 (0.25, 3.92)

0%

178/1/1

*

Large study with samples from the
United States and Denmark.

[TDB3, TDB4]

4.00 (0.36, 45.05)

0%

39/1/1

*

Study from New Zealand

not stated

17.11 (0.69, 425.04)

0%

27/1/1

*

Study from Ireland

[Liz1, Liz2] [AV1, AV2]

9.80 (4.54, 21.18)

78%

941/9/9

**

Studies from Canada, Australia, United
Kingdom, Germany, China and Italy

[P90, P91] [AV1, AV2]

0.65 (0.21, 2.00)

63%

868/4/4

**

[P90, P91] [TJ1, TJ2]

0.33 (0.01, 13.08)

0%

260/1/1

*

Studies from Canada, Spain and the
United States
Study from US

[PTB1, PTB2] [PTB5, PTB12]

4.70 (0.59, 37.78)

0%

192/1/1

*

Study from Denmark

[TJ1, TJ2 ]

5.03 (1.07, 23.88)

0%

223/2/1

*

Study from Australia

[S1, R3] [S2, R1]

5.90 (0.78, 44.70)

0%

88/1/1

*

Study from Italy

not stated

8.73 (1.29, 59.17)

0%

200/1/1

*

Study from Italy

15.33 (2.87, 81.86)

73%

253/4/4

**

Heterogeneous due to 1 study with a
high OR. United States (3) and Italy
(1).
The sampling frame origin accounted
for 33% of the between study
heterogeneity in the 40 PCR and
hybridization studies.

hybridization
Metaregression of
PCR and
hybridization
studies.

Sample: hospital

7.07 (4.27, 11.70)

Sample: clinic
Sample: general population

1.05 (0.34, 3.19)
1.05 (0.22, 4.91)

Sample: library

9.72 (3.63, 26.47)
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GRADE: GRADE Working Group grades of evidence (see explanations)
 =٭٭٭٭High quality, very confident the true effect lies close the estimate of effect.
 = ٭٭٭Moderate quality: moderate confidence the true effect is likely close to the estimate of effect, but is possibly substantially different.
 = ٭٭Low quality: limited confidence in the estimate of effect, the true effect may be substantially different.
 = ٭very low quality: Very little confidence in the estimate of effect, the true effect is likely substantially different from the estimate of effect.
OR: Odds ratio, CI: Confidence interval, MA: meta-analysis,
PCR: polymerase chain reaction, I2: measure of heterogeneity
Footnote: The potential association of M. paratuberculosis with Crohn’s disease was investigated in 67 studies by culture, PCR or hybridization to identify M.
paratuberculosis in samples (tissue, blood and faeces). 49/67 studies provided useable data and are included in the meta-analyses presented in this table. The 18
excluded either had no M. paratuberculosis isolated or 100% of samples were positive. The methodological soundness of included studies was poor (casecontrol (66) and cross-sectional (1)) and there was a lot of unexplained heterogeneity in the PCR and hybridization studies. Many studies did not detect a
significant association between M. paratuberculosis and Crohn’s disease; however the MA results were significant for both the culture and PCR results. Due to
the heterogeneity and low methodological quality of the included studies, future research will likely alter the estimates from this summary of findings table.
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Table 2, Summary of Findings: Association of M. paratuberculosis and Crohn’s in humans by ELISA
Population: humans
Comparison: Crohn’s disease patients compared to ulcerative colitis, non-Inflammatory bowel disease and healthy human controls
Outcome: Positive immune reaction to M. paratuberculosis or evaluation of lymphocyte, t-cell proliferation or cytokine levels.
Study Design: case-control
Studies grouped by M.
Odds Ratio (95% CI)/ Heterogeneity Number of
Weight of
Comments
paratuberculosis detection method
results of statistical
I2
observations /
Evidence
test as indicated
trials / studies
(GRADE)
Test
Target
SDSp35r & p36r
25.01 (12.55,49.85)Ŧ
43%
629/4/2
*
2 studies: both had similar targets and methods. A
third immunoblot study was excluded from the
Immunoblot
analysis because it failed to identify any reactors.
ELISA

see forest plot

4.26 (2.45, 7.38)Ŧ

ELISA [79,
80]

ASCA

ELISA [75,
81, 82]

81%

4319/22/16

**

17 studies reported the results of ELISA using
various target antigens with general to very specific
targets (PPA, PPD and recombinant proteins)

no correlation with MAP

167/2/2

*

PPA

1/3 studies reported significant
elevation.

483/4/3

*

ELISA [83]

PPD- Johnin

gut lavage fluids: P<0.05 CD had
higher reaction
sera: P<0.05 CD children had higher
and CD adults had lower reactions.

136/2/1

*

2 studies looked at the correlation of ASCA with a
patient reacting to a MAP specific protein for having
a positive MAP PCR result and neither observed a
correlation.
2/3 studies that used a general PPA reported no
difference in immune reaction between CD and
controls. The third reported a significant elevation in
CD and more significantly with human MAP
antigens.
1 study looked at differences in IgG and IgA
reactions.

ELISA [81]

LAM, 35kDa

Not significant

199/1/1

*

ELISA [81]

Lipid A

Not significant

199/1/1

*

ELISA [76]

PPD- 14kDa,
AhpC, AhpD

P<0.05, CD had higher reaction against
14kDa

20/1/1

*
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Only the significance level and direction was
available in these 6 studies as most results were
reported only in graphs.

ELISA [77]

PPD MAP a352
(34kDa)

P<0.05 IgG, P<0.001 IgA CD had
higher reactions

123/1/1

*

ELISA [78]

PtpAr & protein
kinase Gr

P<0.01 CD had higher reactions for
both proteins

20/1/1

*

ELISA [75]

rMoDdr & rPepAr

P<0.001 CD had higher reactions

94/1/1

*

GRADE: GRADE Working Group grades of evidence (see explanations)
 =٭٭٭٭High quality, very confident the true effect lies close the estimate of effect.
 = ٭٭٭Moderate quality: moderate confidence the true effect is likely close to the estimate of effect, but is possibly substantially different.
 = ٭٭Low quality: limited confidence in the estimate of effect, the true effect may be substantially different.
 = ٭very low quality: Very little confidence in the estimate of effect, the true effect is likely substantially different from the estimate of effect.
OR: Odds ratio, CI: Confidence interval, MAP= Mycobacterium avium ssp. paratuberculosis , Ŧ results of a random effect meta-analysis, r recombinant protein,
SDS: sodiumdodcylsulfate, ELISA: enzyme-linked immunosorbent assay, PPA: protoplasmic antigen, PPD: purified protein derivative, I2: measure of heterogeneity,
ASCA: anti–Saccharomyces cerevisiae antibody, LAM: lipoarabinomannan, AhpC: alkyl hydroperoxide reductase C, AhpD: alkyl hydroperoxide reductase D, PtpA:
protein tyrosine phosphatase A
Footnote: The potential association of M. paratuberculosis with Crohn’s disease was investigated in 30 studies that used ELISA to determine if the immune response to
a M. paratuberculosis antigen was different in Crohn’s disease compared to controls. All studies except 1 used blood samples as well as gut lavage samples. Target
antigens ranged from nonspecific PPA or LAM preparations to targeted pure recombinant proteins. 19 of the 30 studies provided useable data and are included in the
meta-analyses presented in this table and figure 2. The 3 studies excluded from this table had no reaction [63], analysed inflammatory bowel disease patients as one
group [85] or did not test the control group [84]. The methodological soundness of included studies was poor (case-control), there was a lot of heterogeneity in the
methods and the target antigens. Many studies individually did not detect a significant association between M. paratuberculosis and Crohn’s disease, however overall
the meta-analyses detected a significant association and the ELISA results were similar to those from culture and PCR studies. Due to the heterogeneity and low
methodological quality of the included studies, future research will likely alter the estimates from this summary of findings table.

106

Table 3, Summary of Findings: Association of M. paratuberculosis and Crohn’s in humans using Lymphocyte/Cytokine Assays
Population: humans
Comparison: Crohn’s disease patients compared to ulcerative colitis, non-inflammatory bowel disease and healthy human controls
Outcome: Evaluation of lymphocyte and t-cell proliferation or cytokine production from lymphocytes.
Study Design: case-control
Author (year)

Population

Lymphocyte
Population

CD
Control
Antigen/mitogen induced proliferation of lymphocytes
Olsen (2001)
10
10
PBMC
[76]

Antigens

Cytokine

Association

13

34

PBL

AhpC, AhpD,
14kDa, PPDJohnin
PPD-MAP

33

55

PBL

MAP lysate

P<0.001 Lymphocyte proliferation lower in Crohn’s
and ulcerative colitis sera compared to controls

Olsen (2009)
7
18
t-cells
[87]
Suppression of mitogen-induced proliferation of lymphocytes

PPD-MAPr

P<0.025 T cell proliferation was higher in Crohn’s
disease compared to ulcerative colitis and controls.

Dalton (1992)
[137]

10

9

PBMC

PPD-MAP

No significant association

Ebert (1991)
[86]

33

55

LPL
PBL

PPD-MAP
MAP lysate

No significant association
P<0.001 increased suppression cell function in
Crohn’s disease and ulcerative colitis compared to
controls.

Rowbotham
(1995) [136]
Ebert (1991)
[86]

No significant association
No significant association

Antigen/mitogen- induced cytokine production from lymphocytes
Olsen (2001)
[76]

10

10

whole blood

Collins (2000)
[129]

101

200

56
46

Ren (2008)

IFN-γ, IL-10

No significant association

whole blood

AhpC, AhpD,
14kDa, PPDJohnin
PPD-MAP

IFN-γ

127

PBMC

PPD-MAP

IFN-γ, IL-5

70

whole blood

PPD-MAP

IL-4, IL-2,
TNF-α &

P<0.01 Crohn’s disease patients had lower IFN-γ
levels than controls
P<0.01 Crohn’s disease patients had lower IFN-γ
levels than controls
IL-5 no difference across groups.
P<0.05 IL-4 and IL-2 were significantly higher in
subjects that had M. paratuberculosis positive
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[138]
Netea (2006)
[139]
Olsen (2009)
[87]
Sibartie (2010)
[89]

4

8

MAP

23

cultured
monocytes
PBMC

11
45

66

PBMC

PPD-MAP

Clancy (2007)
[90]

63

127

intestinal organ
culture

MAP

Campos
(2011) [88]

22

47

PBMC

PPD-MAP

PPD-MAPr

IFN-γ
IL-8, IL-1B,
TNF-α
IFN-γ, IL-17,
IL-4
IL-2, IL-4,
IL-6, IL-8,
IL-10, TNFα, & IFN-γ
TNF-α &
IFN-γ, IL-2,
IL-10 and IL12
IL-23, IL-10,
TNF-α

samples
No significant association
No significant association
P<0.05: TNF-α and IL-10 higher in Crohn’s disease
patients.
P<0.05: IFN-γ supressed Crohn’s disease and
ulcerative colitis compared to the healthy controls
(also seen for listeria and salmonella)
TNF-alpha higher in Crohn’s disease patients vs.
ulcerative colitis (p < 0.05) or IBS (p < 0.01) and
controls (p < 0.0001).
P<0.05 at 3 hours IL-23 was higher in CD
P<0.05 at 3 days IL-10 was suppressed in Crohn’s
disease (P>0.05 at 7 days)

GRADE: GRADE Working Group grades of evidence (see explanations)
 =٭٭٭٭High quality, very confident the true effect lies close the estimate of effect.
 = ٭٭٭Moderate quality: moderate confidence the true effect is likely close to the estimate of effect, but is possibly substantially different.
 = ٭٭Low quality: limited confidence in the estimate of effect, the true effect may be substantially different.
 = ٭very low quality: Very little confidence in the estimate of effect, the true effect is likely substantially different from the estimate of effect.
MAP= Mycobacterium avium ssp. paratuberculosis , PBL: peripheral blood lymphocytes, PBMC: peripheral blood macrophage cells, IL: Interlukin, LPL: lamina
propria lymphocytes PPD: purified protein derivative, ASCA: anti–Saccharomyces cerevisiae antibody, IBD: inflammatory bowel disease, LAM: lipoarabinomannan,
AhpC: alkyl hydroperoxide reductase C, AhpD: alkyl hydroperoxide reductase D,
Footnote: The potential association of M. paratuberculosis with Crohn’s disease was investigated in 11 studies that examined lymphocyte proliferation or cytokine
production in response to M. paratuberculosis. Various cytokines were evaluated, most studies did not have extractable data, and data was displayed graphically in
the papers. The methodological soundness of included studies was poor (case-control), there was a lot of heterogeneity in the methods and most are not directly
comparable to each other. Many studies individually did not detect a significant difference in the immune reaction of Crohn’s disease samples vs. controls. Due to the
heterogeneity and low methodological quality of the included studies, future research will likely alter the estimates and conclusions in this table.
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Table 4, Summary of Findings: Association of M. paratuberculosis and diseases other than Crohn’s in humans
Population: humans
Comparison: Humans with diseases: sarcoidosis, HIV, T1DM, T2DM, multiple sclerosis and Hashimoto’s thyroiditis compared to healthy humans
Outcome: prevalence or concentration or immune reaction to Mycobacterium avium ssp. paratuberculosis
Disease

HIV

Sarcoidosis

Prevalence
or
Continuous
Results

Study
Design

Detection
Method

Odds Ratio
(95% CI)
from a metaanalysis/ a
single study
value/ results
of statistical
test as
indicated

Number of
observations
/ trials /
studies

P

Casecontrol

Culture-PCR

14.83 (0.74,
295.97)

31/1/1

٭

Compared whether Mycobacterial isolates from HIV vs.
pulmonary patients were likely to be M. paratuberculosis.
Doesn't reflect risk of M. paratuberculosis in HIV patients.

P

case
report

PCR

Positive
isolate

1/1/1

*

HIV patient with severe Crohn’s disease symptoms. One or
more tissue or blood samples were culture-PCR positive

P

Casecontrol
case
series
Casecontrol
Casecontrol
Casecontrol
Casecontrol

PCR

No MAP

259/1/1

*

PCR

No MAP

18/1/1

*

Immunoblot

17.55
(0.95, 323.89)
7.67
(0.81,72.26)
2.91 (1.336.33) Ŧ
9.95 (5.75,
17.24) Ŧ

57/1/1

*

42/1/1

*

531/4/4

**

1154/8/4

*

No M. paratuberculosis was detected in Sarcoidosis
patients or controls
No M. paratuberculosis was detected in Sarcoidosis
patients or controls
Sarcoidosis patients had an insignificant increased odds of
reacting to p36 compared to controls
Sarcoidosis patients had an insignificant increased odds of
reacting to MPTB65k compared to controls
T1DM patients had increased odds of M. paratuberculosis
detection compared to the controls. Heterogeneity I2= 31%
In all trials T1DM were more likely to react to ELISA
targets (HbHA (2 trials), cell lysates, Gsd protein, antiMAP
IgG (2), fMptD and MptD) compared to controls.
Heterogeneity I2= 50%

P
P
P
T1DM

P
P

Immunoblot
PCR
ELISA
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Weight of
Evidence
(GRADE)

Comments

T2DM

C

Casecontrol

ELISA

t-test
P<0.0001

360/2/2

*

T1DM ELISA results showed a significantly higher
reaction against MAP3738c, and MAP3733C antigen
compared to the controls.

C

Casecontrol

ELISA

t-test
P<0.0002

136/1/1

*

T1DM ELISA results showed a significantly higher
reaction against Gsd protein compared to the controls.

C

Casecontrol

ELISA

No significant
results P>0.05

1030/9/3

*

T2DM patients ELISA results showed no significant
difference in reactions (HbHA antigen (2), Gsd protein (2),
MAP lysate (2), Anti-MAP IgG, fMptD and MptD)
compared to the controls.

P

Casecontrol
case
report

PCR

No significant
results P>0.05
100% positive

28/2/2

*

No MAP was detected in T2DM patients.

3/2/2

*

Two case reports, 1 family with 3 siblings. All had a
history of Hashimoto's thyroiditis, bowel disease
(undiagnosed) and Melkersson – Rosenthal syndrome
(undiagnosed in 2/3).
2/5 studies contributed to this summary. All conducted in
Sardinia, Italy on the native Sardinian population. 3
excluded studies reported preliminary data to the results
presented. (Cossu et al. 2011b,Cossu et al. 2012,Cossu et
al. 2013a). The global generalizability of these results is
unknown. ELISA Heterogeneity I2= 70%

Hashimoto
’s
thyroiditis

P

PCR

Multiple
Sclerosis

P

Casecontrol

PCR

7.99 (3.41,
18.64)

700/1/1

*

P

Casecontrol

ELISA

6.50 (2.86,
14.75) Ŧ

1199/2/2

*

GRADE: GRADE Working Group grades of evidence (see explanations)
 =٭٭٭٭High quality, very confident the true effect lies close the estimate of effect.
 = ٭٭٭Moderate quality: moderate confidence the true effect is likely close to the estimate of effect, but is possibly substantially different.
 = ٭٭Low quality: limited confidence in the estimate of effect, the true effect may be substantially different.
 = ٭very low quality: Very little confidence in the estimate of effect, the true effect is likely substantially different from the estimate of effect.
P: prevalence results (+/-), C: results on a continuous scale, OR: Odds ratio, CI: Confidence interval, Ŧ results of a random effect meta-analysis,
MAP= Mycobacterium avium ssp. paratuberculosis
Footnote: The potential association of M. paratuberculosis with diseases other than Crohn’s disease was investigated in 20 studies (2 HIV, 2 sarcoidosis, 7 T1DM, 3
T2DM, 5 multiple sclerosis and 2 Hashimoto’s thyroiditis). Methodological soundness of included studies was poor (case-control, case report and case series), and
most were examining immune reactions, thus examining the association indirectly. T1DM and multiple sclerosis show consistent, statistically significant results
across studies and outcomes. The hypothesis of M. paratuberculosis involvement in Hashimoto’s thyroiditis requires investigation. No statistically significant
association was reported for T2DM, sarcoidosis or HIV. Thus, additional studies on any of these diseases could change the conclusions and would likely alter the
estimates from this summary of findings table.
Excluded: Reid 1993 [140] on Sarcoidosis; excluded because the antigens were not specific to M. paratuberculosis.
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Table 5, Summary of Findings: Association of M. paratuberculosis and Crohn’s in humans by non-case-control study design
Population: humans and some animal populations
Comparison: Humans with and without Crohn’s disease
Outcome: Possible exposure to M. paratuberculosis by occupational exposure or confirmed by lab methods
Study Design: cross-sectional surveys, case series, case control
Author
Study Design Country Sample
Results
Comment
(year)
case series
Australia CD patients at time 0
6/13
Over 5 years 7/13 Crohn’s patients were M.
Wagner
paratuberculosis at least once. 3/13 were always
(2011) [47]
CD patients up to 5
3/13
positive and 3/13 were always negative.
years- always positive
UK
JD positive farms
2/1026
No association between Crohn’s disease in
crossJones (2006)
sectional
farmers and a history of Johne’s disease on the
[45]
survey
farm.
JD negative farms
5/4173
Qual (2010)
[46]

crosssectional
survey

US

CD

4/7

Control

89/1469

Veterinarians and producers (beef, dairy, swine)
were surveyed across several states. No
significant risk factors for Crohn’s disease and
occupational M. paratuberculosis exposure.

GRADE
*

**

**

GRADE: GRADE Working Group grades of evidence (see explanations)
 =٭٭٭٭High quality, very confident the true effect lies close the estimate of effect.
 = ٭٭٭Moderate quality: moderate confidence the true effect is likely close to the estimate of effect, but is possibly substantially different.
 = ٭٭Low quality: limited confidence in the estimate of effect, the true effect may be substantially different.
 = ٭very low quality: Very little confidence in the estimate of effect, the true effect is likely substantially different from the estimate of effect.
CD: Crohn’s disease, JD: Johne’s Disease, nIBD: non-inflammatory bowel disease,
Footnote: There were a limited number of observational studies that looked at an association with Johne’s disease, and results from prevalence and
longitudinal prevalence surveys.
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Table 6, Summary of Findings: Molecular epidemiology evidence for the relatedness of M. paratuberculosis from various animal species
and humans.
Population: ruminants, non-ruminants and humans
Outcome: M. paratuberculosis genotype
Study Design: molecular epidemiology
Author
Country
Methods
Number
Human
Comment
GRADE
(year)
Isolates
Isolates
IS1311 PCR-REA
32
9/10 (CDStudies from India highlight prevalence of
Singh (2010) India
bison type)
bison type M. paratuberculosis compared
[50]
to
bovine type M. paratuberculosis.
*
1/10 (CDbovine type)
18/22 (nIBDbison type)
4/22 (nIBDbovine type)
Singh (2009) India
IS1311 PCR-REA
26
20/26 (bison
*
[56]
type)
6/26 (bovine
type)
Wynne
Australia,
CGH: Read mapping
41
7 (4 CD, 1
All 7 human isolates were bovine type II,
*
Europe &
using SHRiMP (K-10
UC, 2 nIBD)
highly genetically similar and clustered
(2011) [51]
United States genome)
2 reference
with one bovine isolate
Ghadiali
(2004) [51]

United States

Motiwala
(2003) ) [53]

United States
& 33 other
countries

Whittington
(2000) [54]

Australia

Edit- Seq and
MegAlign
(DNASTAR,
Madison, Wis.):
identified alleles by G
and GGT residues
MPIL and ALFP
genetic fingerprinting

94

11 CD

Two distinct alleles were identified among
the 11 human isolates and each clustered
with cattle, sheep, and goat isolates.

*

247 (MPIL)
104 (ALFP)

7 human
(MPIL)
2 human
(ALFP)

*

RFLP analysis:
enzymes BstEII.
IS900 RFLP type and
IS1311 PCR-REA

328

2 human

MPIL: 4 human isolates clustered at A18,
2 were close to bovine A5 and ovine A14.
1 isolate had a distinct fingerprint (A13)
AFLP: 2 human isolates appeared on
independent branches.
2 human samples were clustered with
bovine type C1 and C5 that represented
the most common bovine M.
paratuberculosis types in Victoria.
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*

type was determined.

Hybridization:
9
4 CD
2 distinct profiles were observed in
*
enzymes BstE II, Pvu
Crohn’s disease isolates, 1 clustered with
II or Pst I with an
the most common bovine type isolated.
IS900 probe.
GRADE: GRADE Working Group grades of evidence (see explanations)
 =٭٭٭٭High quality, very confident the true effect lies close the estimate of effect.
 = ٭٭٭Moderate quality: moderate confidence the true effect is likely close to the estimate of effect, but is possibly substantially different.
 = ٭٭Low quality: limited confidence in the estimate of effect, the true effect may be substantially different.
 = ٭very low quality: Very little confidence in the estimate of effect, the true effect is likely substantially different from the estimate of
effect.
CD: Crohn’s disease, nIBD: non inflammatory bowel disease, UC= ulcerative colitis.
RFLP: Restriction Fragment length Polymorphism, MPIL: Multiplex PCR of IS900 integration loci, AFLP: amplified fragment length
polymorphism, CGH: comparative genome hybridisation
Footnote: Only 7 studies have examined the relatedness of M. paratuberculosis isolated from humans and animals. Many studies used an isolate
library for their sampling frame, thus, are not representative of a geographic area or point in time. Most human isolates were reported to cluster
with bovine isolates, however some from Ghadaili (2004) and Motiwala (2003) also clustered with ovine isolates and those from India were
most likely to be bison type (Singh 2010, Singh 2009). Overall a close relationship between human and animal strains was reported, but it is still
unclear if there is limit strain diversity in human M. paratuberculosis. Further research should focus on representative sampling and further
evaluation of strain diversity from human isolates. Due to heterogeneity in the molecular methods and limited extrapolation of the samples
evaluated future studies may completely change the conclusions of this summary of findings table.
Francois
(1997) [55]

United States
&
Netherlands
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CHAPTER 5
The potential public health impact of Mycobacterium avium ssp.
paratuberculosis: Global opinion survey of topic specialists
As published in Zoonoses and Public Health, 2016, 63(3): 212-223
Abstract
Global research knowledge has accumulated over the past few decades and there is
reasonable evidence for a positive association between Mycobacterium avium spp.
paratuberculosis and Crohn’s disease in humans, although its role as a human pathogen has
not been entirely accepted. For this reason, management of public health risk due to M.
paratuberculosis remains an important policy issue in agri-food public health arenas in many
countries. Responsible authorities must decide whether existing mitigation strategies are
sufficient to prevent or reduce human exposure to M. paratuberculosis. A web-based
questionnaire was administered to topic specialists to elicit empirical knowledge and opinion
on the overall public health impact of M. paratuberculosis, the importance of various routes
of human exposure to the pathogen, existing mitigation strategies, and the need for future
strategies. The questionnaire had four sections and consisted of 20 closed and five open
questions. Topic specialists believed that M. paratuberculosis is likely a risk to human
health (44.8%) and given the paucity of available evidence, most frequently ranked it as a
moderate public health issue (40.1%). A significant correlation was detected between topic
specialists’ commitment to M. paratuberculosis in terms of the number of years or
proportion of work dedicated to this topic, and the likelihood of an extreme answer (high or
low) to the above questions. Topic specialists identified contact with ruminants and dairy
products as the most likely routes of exposure for humans. There was consensus on exposure
routes for ruminants and what commodities to target in mitigation efforts. Described
mandatory programs mainly focused on culling diseased animals and voluntary on-farm
prevention programs. Despite on-going difficulties in the identification of sub-clinical
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infections in animals, the topic specialists largely agreed that further enhancement of on-farm
programs in affected commodities by the agri-food industry (68.4%) and allocation of
resources by governments to monitor the issue (92%) are most appropriate given the current
state of evidence.
Introduction
Mycobacterium avium ssp. paratuberculosis is slow growing mycobacteria that has evolved
from Mycobacterium avium ssp. hominissuis and can survive for long periods of time in soil
and water (Salgado et al. 2011, Nacy and Buckley. 2008). It has developed pathogenic
qualities similar to M. tuberculosis, which enable it to invade and replicate within
macrophages of the gastrointestinal tract (Naser et al. 2014, Hermon-Taylor. 2009). Johne’s
disease caused by M. paratuberculosis is common in ruminants worldwide, but has also been
reported in other species including non-human primates (Stevenson et al. 2009, Judge et al.
2006,McClure et al. 1987). In domestic ruminants such as cattle, sheep and goats, Johne’s
disease develops slowly over several years to a fatal wasting condition characterised by
diarrhea, weight loss and declining milk production (Behr and Collins. 2010). M.
paratuberculosis is important to animal health management and is the target of many
voluntary and mandatory on-farm control programs implemented in collaboration with the
main agri-food public health stakeholders, primarily industry (Hermon-Taylor. 2009, Behr
and Collins. 2010, Geraghty et al. 2014).
Humans are probably exposed to M. paratuberculosis from agri-food sources considering the
evidence of low-level contamination of milk, beef and water among other foods (Mihajlovic
et al. 2011, Eltholth et al. 2009, Anon. 2010). However, the significance and extent of this
exposure for food safety and public health is yet to be determined. For almost a century M.
paratuberculosis association with human disease has been investigated, mainly for its
potential role in Crohn’s disease, a human gastrointestinal condition with clinical and
pathological characteristics similar to those of Johne’s disease (Naser et al. 2014). Crohn’s
disease is a chronic debilitating disease that significantly affects quality of life. To date there
is no known cause or cure for the 1-2 million people affected worldwide by this disease
(Naser et al. 2014, Molodecky et al. 2012). The causal role, if one exists, of M.
paratuberculosis in Crohn’s disease is not fully understood (Behr and Collins. 2010).
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Recent research has shifted evidence trends towards a consistently reported association
between M. paratuberculosis and Crohn’s disease, although its role as a human pathogen has
not been entirely accepted (Agrawal et al. 2014, Waddell et al. 2015). Despite remaining
uncertainties, it is likely that agri-food public health authorities and stakeholders will
continue to face policy questions on the overall public health impact of M. paratuberculosis
including; whether the existing mitigation strategies for M. paratuberculosis control are
sufficient, and whether it is justified to allocate public health resources towards preventing or
minimizing human exposure to M. paratuberculosis. We administered a web-based
questionnaire to gather some answers to these and related over-arching questions from topic
specialists in academia, government and industry around the world with a variety of areas of
expertise, including animal health, microbiology and human medicine.
The objectives of this study were to gather global topic specialist opinions on:
1. Whether M. paratuberculosis poses a risk to human health and its importance as a
public health issue.
2. The more common human exposure routes to M. paratuberculosis and where future
research and mitigation strategies should focus.
3. Existing government control and/or surveillance programs and their perceived
adequacy.
4. Whether governments have taken appropriate actions on M. paratuberculosis as a
public health issue, and have allocated adequate resources.
To the best of our knowledge this is the first survey administered to the global topic
specialists with the main aim to assess actual risks posed by M. paratuberculosis on human
health and to inform the policy and decision making processes on the suitability of current
mitigation strategies and future needs.
Methods
Database of topic specialists
A list of topic specialists working on the M. paratuberculosis issue was compiled by
identifying authors of published and non-published research papers, reports and conference
proceedings dealing with the zoonotic and public health aspects of the M. paratuberculosis
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issue identified from our knowledge synthesis work on this topic (Waddell et al.
2015,Waddell et al. 2008). Additional names were acquired from lists of membership in M.
paratuberculosis related organisations and recommendations from other M. paratuberculosis
topic specialists. The initial list of topic specialists included 218 unique names and their
corresponding email addresses compiled by the lead author of this paper.
Questionnaire description and administration
The questionnaire was designed in collaboration with five individual scientists from Canada
and the United States with expertise in survey questionnaire methodology and/or extensive
specialized knowledge of the M. paratuberculosis issue. The questionnaire draft underwent
a multi-stage pretest for technical aspects, content and comprehension by four professionals
with experience in online surveys and three professionals with a range of backgrounds
reflective of our target respondents (Dillman. 2000). There were four questionnaire sections:
respondent demographics (7 closed/0 open questions), significance of human exposure routes
to M. paratuberculosis (3/0), overall impact of M. paratuberculosis on public health,
including relevance of the current and potential mitigation strategies (8/3), and final
comments (2/2). The demographics questions addressed areas of expertise and where it was
acquired, continent of residence, work setting (e.g. academia), type of work (e.g. clinician),
self-indicated level of expertise (low to high, 5 point scale) for specific areas of the M.
paratuberculosis issue, years of accumulated experience, and proportion of current work
dedicated to the issue. In the section on various human exposure routes to M.
paratuberculosis, respondents were asked to rank significance of various routes of exposure
to M. paratuberculosis for humans (n=14 routes) and ruminants (n=11) through allocating
100 points across the exposure categories listed. Respondents were then asked to indicate on
a 5 point scale (no impact to high impact) what commodities should be targeted to reduce
human exposure to M. paratuberculosis, assuming interventions are available. In the third
section, respondents were asked whether M. paratuberculosis poses a risk to human health
(yes, likely, minor risk, no, don’t know) and within the context of agri-food public health in
their region, how they would rank M. paratuberculosis as a public health issue (high,
medium, low, not a priority). Respondents were then asked to share their knowledge of their
government’s commitment to address M. paratuberculosis as a potentially important agri127

food public health issue, the current mitigation strategies, monitoring or surveillance
programs and their feasibility, where future efforts should be targeted and what knowledge
gaps are impeding animal health and control programs and investigation into the public
health significance of M. paratuberculosis. In the final section respondents were asked if
they have completed a similar questionnaire in the past few years and to identify other topic
specialists that should be invited to complete the questionnaire. The questionnaire had 25
questions, 20 closed and 5 open; however respondents had an opportunity to add additional
comments on closed questions.
The questionnaire was administered in English only; all potential respondents received an
initial invitation and five weekly reminder email messages between April 1 and May 15,
2012 using Lime survey via the University of Guelph (Dillman. 2000, LimeSurvey Project
Team. 2012, Ornstien. 2011). No attempt was made to follow-up with non-respondents, as
we did not have additional contact information beyond their email address. Most of those
who declined participation provided an explanation. Ethical approval was received from the
University of Guelph Review Ethics Board (protocol # 12RE016). A copy of the
questionnaire and study protocol is available in Appendix 5.1.
Data Analysis
The respondent answers were exported from the Lime survey platform (LimeSurvey Project
Team. 2012) into spreadsheets (Microsoft 2010. Microsoft Excel [computer software].
Redmond, Washington), cleaned and imported in to STATA 13 (StataCorp. 2013. Stata
Statistical Software: Release 13. College Station, TX: StataCorp LP) for descriptive statistics
and analysis of the categorical and ranking questions.
Two ordinal regression models were developed in STATA 13 to explore the relationships
between participant demographic characteristics listed in Table 1 (e.g. area of expertise,
location and setting where they acquired expertise, accumulated experience and proportion of
work dedicated to M. paratuberculosis) and the two outcomes: ranking by topic specialists of
M. paratuberculosis as a risk to human health (yes, likely, minor risk, no or don’t know) and
by topic specialists’ opinion of its public health priority level (high, medium, low or not a
priority). Proportional odds regression, a type of ordinal regression, was selected for use
given the ordered nature of the outcomes (e.g. from minor to high risk or low to high
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priority), where we do not make assumptions about the equality of spacing between
categories. A priori associations with selected explanatory variables (participant
demographic characteristics) were tested by univariate analyses, and variables associated
with outcomes at p-value <0.10 were offered to the multivariate models and evaluated for
significance at p-value <0.05. Two-way interactions were assessed in final models and
variables were assessed for confounding (change >20% in coefficient of another predictor
variables). The proportional odds regression family of models includes the proportional
odds model, the partial proportional odds model and the heterogeneous choice model; the
latter two allow predictor variables to violate the proportional odds assumption. The
assumption is that the effect of each variable is the same for each binary comparison within
the model, thus the effect can be averaged across comparisons and a single parameter
calculated to represent the effect of the explanatory variable on the response variable and can
be evaluated with a Brant test (Dohoo et al. 2012). The partial proportional odds model and
the heterogeneous choice model can allow this assumption to be violated, and the
explanatory variable may have a different value at different levels of the response variable.
We used the Akaike information criterion (AIC) and Bayesian information criterion (BIC)
values to compare between multinomial, proportional odds, partial proportional odds and
heterogeneous choice models for the best fit for our data (Dohoo et al. 2012). There are few
model diagnostics available for these proportional odds models.
The partial proportional odds model was used to evaluate whether the topic specialist’s
ranking of the risk to human health was predicted by their demographic characteristics listed
in Table 1. In the final model “animal health expertise”, those “working in academia” and
“the proportion of work dedicated to M. paratuberculosis” were all significant explanatory
variables. Of these explanatory variables, the proportional odds assumption was violated by
“academia” and “proportion of work”, so the model was chosen and structured to allow these
variables not to follow the assumption.
The heterogeneous choice model using STATA’s “oglm” function was used to evaluate
whether participant characteristics predicted the M. paratuberculosis public health priority
ranking. The only significant explanatory variable was “years of experience working on M.
paratuberculosis”, which violated the proportional odds assumption. This model allowed
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“years of experience” to be heteroscedastic or vary at different outcome categories
(Williams. 2010).
Chronbach’s alpha was used to assess the internal consistency between responses for M.
paratuberculosis as a risk to human health and the ranking of the public health priority level
for M. paratuberculosis. Values >0.7 were considered to indicate high reliability or low
response variance (Ritter. 2010). Open ended questions were summarised descriptively,
grouping respondents’ answers into themes.
Results
Response frequency and evaluation of non-responders
From a total of 318 potential respondents (218 identified from publications and 100
suggested by respondents) to whom 5 reminders were sent, we received 156 fully completed,
9 partially completed and 6 questionnaires without responses, yielding a response rate of
53.7% (171/318). The average / median reported times to complete the questionnaire were
28 and 20 minutes, respectively. Ninety-five percent of the respondents indicated they had
not participated in a similar survey in the past few years. We had no response from 93
potential respondents, and 54 withdrew from participation for several reasons, e.g. they did
not feel they represented the targeted respondents, they no longer studied M.
paratuberculosis, they did not have permission to participate in the survey, or they indicated
another person in their group had already participated.
Respondent demographics and expertise
M. paratuberculosis expertise of participants and where it was acquired is summarized in
Table 1(Additional descriptive data and figures are available in Appendix 5.2). Expertise
was mainly acquired in N. America (48.0%), Europe (39.8%) and Oceania (8.8%). Most
respondents considered themselves to work in a research capacity (74.3%), mainly in
academia (70.2%) and government (24.0%). Among respondents, 87% had three or more
years’ experience spanning many disciplines and topics including animal health (47.4%),
microbiology (43.3%), dairy cattle (79.5%) and/or dairy products (68.4%). Fewer
professionals had expertise related to human health (7.6%) or public health (9.4%), thus most
respondents with expertise in the zoonotic potential of M. paratuberculosis (63.2%) declared
a background in animal health or related disciplines.
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Estimation of significance of human exposure routes to M. paratuberculosis
Among potential human exposure routes for M. paratuberculosis, 144 respondents indicated
direct contact with ruminants and consumption of dairy products (pasteurised and
unpasteurised) as the most likely routes, Table 2. This was followed in ranking by living on a
farm, consumption of beef, and water (municipal, well and recreational water use) as likely
sources/ routes. There were several comments on the lack of data to support a ranking,
particularly for less studied food categories (e.g. produce and seafood). The majority of the
topic specialists indicated that targeting mitigation strategies towards the dairy industry
followed by beef, sheep and goats would likely have the most impact on reducing human
exposure to M. paratuberculosis assuming that effective interventions are available, figure 1.
Targeting drinking water and recreational water was considered to have moderate potential
impact on human exposure to M. paratuberculosis if effective control was possible.
Overall public health impact of M. paratuberculosis
Among 154 respondents, 33.8% indicated that M. paratuberculosis poses a public health
risk, 44.8% responded there is likely a risk, but the evidence is not sufficient or consistent
enough to be sure, or the risk is low (14.9%) and a few respondents indicated there is no risk
(3.9%) or don’t know (2.6%). Univariate analyses using a partial proportional odds model of
a priori selected variables indicated that having “animal health expertise”, ”working in
academia”, and the “proportion of work dedicated to M. paratuberculosis” were all
significant (positive) predictors of the respondent’s answer to the risk to human health
question. All remained significant in the multivariate partial proportional odds model
(Table3). Controlling for “animal health expertise” and “working in academia” which both
further increased the odds of answering yes, the model predicted a significant increase in the
probability of answering yes to this question with increasing proportion of work dedicated to
M. paratuberculosis, (Figure 2).
When respondents were asked to consider various agri-food public health priorities in their
region and then rank the importance of M. paratuberculosis, 24.2% of 157 responders ranked
this issue as high priority, medium (40.1%), low (23.6%) or not a priority (12.1%). Using a
heterogeneous choice model to evaluate associations between a priori selected respondent
characteristics and rating of priority level, only the respondent’s years of experience working
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on the M. paratuberculosis issue was a significant (p<0.05) predictor and it violated the
proportional odds assumption (Brant test p<0.05) (Williams. 2010). The heterogeneous
choice model allows for select variables to violate the proportional odds assumption and
instead vary for different outcome categories was the best fit to the data (Table 4). The
relationship between ranking of M. paratuberculosis as a public health issue compared to
other agri-food public health issues within the respondents region and years of experience
working in this area is shown graphically in Figure 3. There was a significant and opposite
correlation between the extreme answers; “high” and “low” priority and years’ experience.
There was a small probability that respondents chose “not a priority” and a high probability
that they selected “medium priority”, and both of these latter choices were unrelated to years’
experience on this issue.
Respondent answers to ranking M. paratuberculosis risk to human health compared to the
overall importance of M. paratuberculosis as a public health issue had a high Cronbach’s
alpha (0.763), an indicator of internal consistency. No other questions were considered
appropriate for evaluation of internal consistency.
Mitigation Strategies
Among 139 respondents, 92.1% responded that agri-food public health authorities should be
allocating resources to keep abreast of new evidence related to M. paratuberculosis, both in
terms of zoonotic potential and mitigation options. However, only 50% of respondents
(N=149) thought that government should be involved in implementing new interventions
based on minimising human exposure to M. paratuberculosis. The currently available
programs (summarized in the next paragraph), were considered appropriate by 68.4% of
respondents (N=114).
In an open ended question respondents described various forms of agri-food government
and/or industry control programs or regulations targeting the control of M. paratuberculosis
along the food chain (N= 111). Respondents were asked to list mandatory and voluntary
programs they were aware of including commodity, country and a brief program description.
Mandatory programs (42 responses) were reported in Denmark, the Netherlands, Austria, N.
Ireland, Sweden, Australia and Japan. With the exception of the Netherlands, these
programs focused on test and cull of animals testing positive for M. paratuberculosis
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infection, movement restrictions and mandatory notification of Johne’s disease cases. The
Netherlands was mentioned by several respondents as having the only true M.
paratuberculosis control program. The Dutch Paratuberculosis Milk Assurance Programme
for dairy cattle tests bulk milk regularly (Weber et al. 2008) and a positive test triggers herd
level control actions. There were many voluntary M. paratuberculosis control programs
mentioned (69 responses), which largely focus on on-farm prevention and control for dairy
cattle with the exception of a caprine program for Spain and ruminant programs for the UK,
Australia and New Zealand. For most of these programs respondents indicated that uptake
and implementation were spotty in their region and the main drivers were potential economic
benefits of improved animal health and production. Countries mentioned as having these
programs included: Australia, Belgium, Canada, Denmark, France, Iran, Ireland, Japan, the
Netherlands, New Zealand, Norway, Scotland, Spain, Sweden, United Kingdom and United
States. Most of these programs were relatively new and “rolled out” between 2009 and 2012.
The routes of ruminant exposure to M. paratuberculosis ranked most highly by respondents
were dam-calf transmission, contact with other ruminants, and introduction of a M.
paratuberculosis infected cow to the herd (Table 2). Respondents indicated that more work
on intervention programs is warranted (N=75) and suggested targeting the dairy industry
(98.7%), meat industry (80.0%) and environmental contamination mainly from agricultural
run-off (54.7%).
Open ended questions requesting information on programs for monitoring and surveillance
of M. paratuberculosis or Johne’s disease along the food chain received 95 responses,
however most described the same voluntary control programs described in the previous
question. Respondents reported surveillance programs in Norway and Sweden for small
ruminants and in Denmark for bovine milk. For many countries respondents reported that
Johne’s disease is notifiable, but is not an infection for which they routinely screen animals.
One respondent noted that Japan has a policy where they may require proof of freedom from
M. paratuberculosis among imported and domestic animals (Momotani. 2012).
Knowledge Gaps
Respondents identified the most important knowledge gaps, which should be addressed in
order to better position M. paratuberculosis within the public health agenda. The most
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frequently cited gap was uncertainty in the role of M. paratuberculosis in human disease (62
responses) including better understanding of the pathogenesis (37), epidemiology (10),
infectious dose (2), transmission (4), genetic susceptibility (6) and public health impact (3).
The lack of “good” (sensitive and specific) and affordable diagnostic tests for monitoring M.
paratuberculosis in ruminants, other animals, humans and the environment (13 responses)
was frequently stated as an important barrier for developing effective prevention and control
programs in ruminant populations. Other important knowledge gaps mentioned include
development of efficient and cost-effective on-farm mitigation strategies (11) and the need
for further research into various agri-food sources of M. paratuberculosis exposure for
humans including dairy (4), shell fish (1), produce (1), and environment-water (7). Identified
research gaps for Johne’s disease (8) included a better understanding of genetic susceptibility
and immunopathogenesis, development of vaccines to M. paratuberculosis for ruminants that
do not interfere with skin testing for bovine M. tuberculosis (3 responses), and an improved
understanding of the transmission cycle (2) for M. paratuberculosis.

Discussion
Researchers have extensively investigated the roles of M. paratuberculosis as a cause of
Johne’s disease, a microbial hazard of potential risk to public health, and as an environmental
contaminant. Within the context of public health most research has focused on M.
paratuberculosis as a foodborne hazard that could pose a risk to humans via exposure from
raw and inadequately pasteurized milk and dairy products, and more recently via other foods
(e.g. meat, produce) and drinking water. This questionnaire targeted and received responses
from topic specialists from all regions of the world working on various aspects of the M.
paratuberculosis issue to reveal their insights and views on various zoonotic and public
health aspects of this topic. The results demonstrated the variability in topic specialist’s
opinions on the overall public health impact of M. paratuberculosis and highlighted many
knowledge gaps pertaining to the role of M. paratuberculosis’ role in human disease and
controlling the infection in ruminants worldwide. Some of the critical barriers to consensus
on the pathogen’s zoonotic potential include a lack of evidence for a dose-response gradient
and temporal relationship with exposure (Behr and Collins. 2010). Many knowledge gaps
likely remain due to well-known challenges involved with studying chronic illnesses that
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arise following lifelong exposure and long latency periods between exposure and disease
development, similar to what has been observed in ruminants that develop Johne’s disease
and other microbacterial diseases. These gaps in our understanding continue to be a driver
for research in this area, but they also contribute to the reason M. paratuberculosis is not a
highly ranked public health issue.
The majority of topic specialists agreed that M. paratuberculosis is likely a risk to human
health and that M. paratuberculosis is a medium priority agri-food public health issue.
Responses to the two questions eliciting this information had a high Cronbach’s alpha
suggesting that they were likely measuring the same construct (Ritter. 2010). However, many
topic specialists also indicated there is incomplete evidence on which to base this conclusion
and the effect of decreasing human exposure to M. paratuberculosis is unknown. This
ranking did not vary significantly by geographical location, but we did find a significant
correlation between the commitment of the topic specialists to the M. paratuberculosis issue
determined by years spent working on this issue or by the proportion of their work dedicated
to the issue, and their ranking of the risk to public health. This is an indication that survey
respondents with extensive experience in M. paratuberculosis may be biased in their views,
or that their greater knowledge of the pathogen provides a more informed opinion.
There were many knowledge gaps highlighted by topic specialists, many of which will
require further research. The most highly ranked sources of M. paratuberculosis for humans
were considered to be dairy products and ruminants, and in recent years increasing research
has demonstrated that meat, produce and water may also be contributing sources,
highlighting a shift in opinion and research focus since 2005 (Eltholth et al. 2009,Waddell et
al. 2008,Elliott et al. 2014). Further evaluation of sources of M. paratuberculosis for humans
and verifying effectiveness of food safety interventions (e.g. pasteurization of dairy products)
were identified knowledge gaps that should be recommended research priorities (Grant et al.
2005). Respondents indicated that control of Johne’s disease on-farm (dairy and meat, small
and large ruminants) will have the greatest impact by decreasing contamination of animalderived food products as well as, the local environment and water (recreational and drinking)
that is subject to animal fecal contamination, thus decreasing human exposure from many
possible sources. For humans, there are few effective interventions not already in use to
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limit exposure, therefore it is hard to justify allocating resources to M. paratuberculosis
programs when many other known foodborne pathogens like Salmonella and Campylobacter
are also competing for the same resources and their causal association with human illness
and burden of illness are much more definitive than in the case of M. paratuberculosis.
Thus, our precautionary recommendation is that concerted research efforts should continue in
order to address the critical knowledge gaps noted throughout this paper and industry is
encouraged to continue efforts to develop cost-effective disease control programs for
affected ruminants, which will hopefully decrease M. paratuberculosis exposure for many
species (Nacy and Buckley. 2008).
Johne’s disease knowledge gaps proposed by topic specialists include genetic susceptibility
of animals, immunopathogenesis, understanding the M. paratuberculosis transmission cycle
and how some cattle seem to clear themselves of the infection. Some topic specialists
indicated that development of an effective vaccine that does not cross-react with tests for
tuberculosis and reduces fecal shedding of M. paratuberculosis in addition to preventing
clinical disease would be an effective intervention and should be a priority (Bannantine et al.
2014).
Knowledge of the global burden of Johne’s disease in ruminant populations is also sparse
and in some cases conflicting information exists. This paucity of evidence has previously
been cited as a reason countries chose to develop or not develop control programs for
Johne’s disease (Nielsen. 2009). Topic specialists provided details of a few mandatory and
voluntary Johne’s disease control programs from various countries. This list is likely not
exhaustive, perhaps due to a lack of representation from certain countries, or as Nielsen
noted, a lack of knowledge and available literature on these programs (Nielsen. 2009). The
main drivers for adoption of these mostly voluntary on-farm programs are potential direct
and indirect economic benefits to the agricultural industry from improved animal health and
productivity and perceived enhanced product quality from M. paratuberculosis-free sources
(Bhattarai et al. 2013,Sorge et al. 2010b,Sorge et al. 2010a). Many of these on-farm
programs focus on management recommendations to reduce the spread of infection among
ruminants (e.g. biosecurity) rather than enhancing immunity (e.g. vaccination). Respondents
reported that test and cull components of the on-farm control programs have moved towards
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integrated risk-based approaches to testing in an effort to make the control programs
affordable for producers, however poor diagnostic test sensitivity and specificity, particularly
with respect to detection of sub-clinically affected animals, limits program effectiveness
(Behr and Collins. 2010,Whist et al. 2014). Thus, it is critically important to improve
diagnostic tests for M. paratuberculosis that are capable of detecting subclinically infected
ruminants, as well as infection in other animals, humans and contamination in the
environment (Geraghty et al. 2014,Schukken et al. 2009,Gardner et al. 2011). To improve
widespread adoption of Johne’s disease control programs, program evaluations are needed to
demonstrate their cost-effectiveness (Bhattarai et al. 2013,Wolf et al. 2014).
Conclusion
This survey of the professional community of M. paratuberculosis topic specialists indicates
a general consensus that humans are exposed to M. paratuberculosis via direct contact with
ruminants and consumption of dairy products, but also through consumption of drinking
water (treated and untreated) and other foods (beef). The topic specialists indicated that the
relative importance of these vehicles still requires investigation and there is still uncertainty
about the role of M. paratuberculosis in human disease. Thus, monitoring scientific
advancements on this issue and effective interventions, as well as encouraging industry to
develop cost-effective control programs in the interest of animal health management while
simultaneously being proactive on a potential public health issue was considered appropriate
by the topic specialists and is similar to the recommendations from previous expert colloquia
(Nacy and Buckley. 2008,Anon. 2000,Weir et al. 2010).
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Figure 1: Bubble plot showing topic specialist opinion on the importance of applying
intervention efforts for controlling human exposure to M. paratuberculosis in various animal
and environmental sectors, assuming availability of interventions.

Figure 2: Graphical depiction of the relationship between the proportions of participating
topic specialist’s work dedicated to M. paratuberculosis (<25%, 25-50%, 50-75% and
>75%) and the probability of answering one of four options for whether there is a risk to
human health (high, likely, minor risk, no), modelled using a partial proportional odds model
also controlling for working in academia and expertise in animal health.
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Figure 3: Graphical depiction of the relationship between the years of experience among
participating topic specialists working on M. paratuberculosis (<3, 3-10, >10 years) and the
probability of each ranking option for M. paratuberculosis as a public health issue (high,
medium, low and not a priority), modelled using a heterogeneous choice model controlling.
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Table 1: Expertise and related characteristics of participating respondents (n=165)
concerning M. paratuberculosis as a public health issue.
Responses per
category:
Respondent Characteristics
N
%
General Field(s) of expertise*
Microbiology
74
44.8
Epidemiology
57
34.5
Animal health
81
49.1
Agriculture
10
6.1
Food safety
21
12.7
Public health
16
9.7
Human Medicine
13
7.9
Molecular Biology/ Genetics
27
16.4
Risk or Economic Modeling
4
2.4
Outbreak Investigation
8
4.8
Other a
24
14.5
Moderate to extensive M.
paratuberculosis expertise in the
following categories*
Animal Health
Beef cattle
97
58.7
Dairy cattle
136
82.4
Developing mitigation strategies
102
61.8
Implementing mitigation strategies
105
63.6
Diagnostic tests
Routine testing
117
70.9
Development of new tests
109
66.1
M. paratuberculosis sources for
humans
Milk or dairy
117
70.9
Other human food
68
41.2
water
81
49.1
environment
97
58.8
Developing mitigation strategies
67
40.6
Implementing mitigation strategies
55
33.3
108
65.5
Zoonotic potential
62
37.6
Predictive or economic modeling
Continent in which M. paratuberculosis experience was
acquired*
Africa
2
1.2
Asia
8
4.8
144

Europe
68
N. America
82
Oceania
15
South & Central America
2
Other (middle east, 2 and unknown, 1)
3
Setting in which M. paratuberculosis experience
acquired*:
Academia
121
Government
41
industry
13
Private institute
12

41.2
49.7
9.1
1.2
1.8

72.7
24.8
7.9
7.3

Accumulated M. paratuberculosis experience (N=163)
< 3 years
14
8.6
3-10 years
69
42.3
>10 years
80
49.1
% of work with M. paratuberculosis focus (N=163)
<25 %
78
47.9
25-50%
41
25.2
50-75%
16
9.8
>75%
27
16.6
a
Immunology (7 responses), pathology (7), nutrition (3), internal medicine, food science,
international trade, agri-engineering, disease systems.
*Some categories sum to more than 100% as respondents selected more than one option.
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Table 2: Results of topic specialist respondents’ ranking* (median, 25th and 75th quartiles and
maximum) of human and ruminant exposures to M. paratuberculosis.
Variable
Median*
25th
75th
Maximu
quartile quartile
m
Human Exposure to M. paratuberculosis (N=144)
direct contact with ruminants
10
working/living on a farm
10
human to human
0
municipal treated water
2
well water
2
recreational water
5
environment
5
pasteurized dairy
10
unpasteurized dairy
14
beef
5
pork
0
chicken
0
seafood
0
produce
0
Ruminant Exposure to M. paratuberculosis (N= 145)
Contact with other ruminants
10
Young ruminant contact with mother
25
unpasteurised milk
10
trade/ introduction of M. paratuberculosis
positive animals into a herd
13
farm environment
10
drinking water
4
recreational water
0
environment outside the barn area
2
feed
1
wildlife
1

3
3
0
0
0
0
0
3
5
2
0
0
0
0

20
18
1
5
6
10
10
25
25
10
0
0
0
5

98
60
45
80
80
80
50
90
80
50
10
5
6
50

5
15
5

20
34
18

50
80
75

6
5
0
0
0
0
0

20
20
5
2
5
5
5

85
90
40
20
20
25
20

* Topic specialists allocated 100 points across exposure categories for each question to
provide the relative weight of each exposure for humans and ruminants respectively.
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Table 3. Partial proportional odds model examining predictors of the topic specialist
response to M. paratuberculosis risk to human health.
Variable

Coefficient

% work 25-50
-0.988
% work 50-75
-1.683
% work >75
-0.949
Work in academia
-0.958
Risk to human health? (proportional odds)
Yes
Animal health expertise
-1.144
constant
2.177
Likely
Animal health expertise
-0.779
constant
-0.312
Minor Risk
Animal health expertise
-1.101
constant
-2.004

Standard
Error

P value (z)

0.403
0.575
0.456
0.387

0.014
0.003
0.038
0.013

0.400
0.409

0.004
0.000

0.446
0.356

0.081
0.382

0.894
0.555

0.218
0.000

Partial proportional odds model, allowing proportion of work on M. paratuberculosis and
animal health expertise to violate the proportional odds assumption (omodel test p=0.000),
while working in academia followed the proportional odds assumption. The models’ Wald
χ2 with 148 observations was p-value=0.004. The constant in this model is a non-academic,
with no animal health expertise working on M. paratuberculosis <25% of the time.
Table 4. A heterogeneous choice model (heteroskedastic ordered logistic regression),
examining predictors of the topic specialists ranking of M. paratuberculosis as a public
health issue.
Variable
Public Health Ranking
Years’ Experience
Insigma
Years’ Experience

Coefficient

Standard
Error

P value (z)

-1.220

0.415

0.003

0.343

0.143

0.017

/ < 3 years
-3.591
0.892
0.000
/ 3- 10 years
-0.519
0.446
0.244
/ > 10 years
1.755
0.596
0.003
A heterogeneous choice model (heteroskedastic ordered logistic regression), allowing years’
of experience with M. paratuberculosis to be heteroskedastic (Brant test p<0.05). The
models’ Wald χ2 with 154 observations was p-value=0.0002. The constant in this model is
less than 3 years’ experience.
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CHAPTER 6
An evidence‐informed evaluation of the potential public health impact of
Mycobacterium avium ssp. paratuberculosis:
results of a mixed methods approach
Abstract
Evidence-informed decision making (EIDM) involves integrating the best available research
evidence into the decision-making process, identifying critical knowledge gaps and
supplementing or corroborating the research evidence with topic specialist opinion that may
add additional insight into the state of knowledge on an issue. This paper summarizes the
scientific evidence relevant to a public health evaluation of M. paratuberculosis that was
gathered in a scoping review of potential human sources, a systematic review on the zoonotic
potential of M. paratuberculosis, and a global topic specialist survey of their opinions and
contextual knowledge surrounding this issue. To clearly structure the evidence in this paper
we used a risk profile format that followed the principles of risk analysis for food standards
issues adopted by the United Nations. There are many remaining knowledge gaps in
understanding the role of M. paratuberculosis in human disease. These include the
relationship between exposure to M. paratuberculosis and human disease, and the potential
impact of targeted upstream mitigation strategies on the burden of human diseases
attributable, at least in part, to M. paratuberculosis. At this time the evidence for the
zoonotic potential of M. paratuberculosis is weak, but consistent across more than 100
studies, and topic specialists concur that the agent poses some risk to human health and that
M. paratuberculosis should be considered a moderate public health issue. However, we
believe the evidence is not yet sufficient to warrant specific risk management efforts. We
encourage researchers to address the knowledge gaps identified in this risk profile and
decision-makers to keep apprised of this issue for future re-evaluation.
Introduction
Evidence-informed decision making (EIDM) involves integrating the best available research
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evidence into the decision-making process, identifying where there are critical knowledge
gaps and when appropriate, supplementing or corroborating the available research evidence
with topic specialist opinion that may add additional insight into the state of knowledge on
an issue [1]. Essentially, EIDM is the process of integrating research evidence into the
decision making process where competing priorities, and social, political and economic
drivers are considered together in order to prioritize actions to improve the health of the
population [2-4]. It is can be challenging to translate technical scientific evidence that may
or may not directly address a priority issue and frame it in a way that is most useful for
evidence informed decision-making by non-expert individuals [3-7], while at the same time
preserving scientific rigor, transparency and accountability [5, 8, 9].
Objective
Mycobacterium avium ssp. paratuberculosis is a cause of Johne’s disease in ruminants and is
hypothesized to be a zoonotic pathogen for humans and as such may have an impact on
public health. The objective of this paper is to use the principles of risk analysis (focusing on
preliminary risk assessment and risk management considerations) to summarise across the
evidence relevant to a public health evaluation of M. paratuberculosis in the format of a risk
profile. The evidence used was gathered in a scoping review of potential sources for humans,
in a systematic review on the zoonotic potential of M. paratuberculosis and in a topic
specialist survey on the public health issue of M. paratuberculosis. Consideration is given to
the consistencies within the evidence, areas of knowledge saturation and where the critical
knowledge gaps exist [10-13]
Hazard identification: M. paratuberculosis
Mycobacterium avium spp. paratuberculosis is a gram-positive, small (.5 x 1.5 microns)
bacterium that is slow-growing, hydrophobic, acid fast and rod shaped [14]. In ruminants it
causes Johne’s disease (JD), an economically significant wasting disease that affects
ruminants worldwide [15]. Cases occur in all domestic ruminants, but are a particular issue
among dairy ruminants (cattle, sheep and goats) because they typically remain within a herd
for several years [15]. Affected animals often present with decreasing milk production and
reduced weight gain or weight loss, which usually leads to premature slaughter or losses
associated with clinical cases that result in emergency slaughter and replacement costs [14149

16]. The scientific evidence indicates that affected ruminants can shed vast numbers of M.
paratuberculosis in feces, which spill over into the environment and the food chain resulting
in human exposure [17]. There are currently no treatment options for infected animals [18,
19] and moderately successful Johne’s disease control programs, described below in the risk
mitigation section, have been developed and refined in a number of countries during the past
15-20 years.
For more than 30 years researchers have investigated M. paratuberculosis as a potential
cause of Crohn’s disease in humans and more recently as a cause of other human diseases
such as diabetes mellitus type 1 (T1DM) and multiple sclerosis; the evidence for these causal
relationships is summarized in a recent systematic review (Chapter 4) [11]. In brief,
researchers have demonstrated epidemiological associations between these diseases and the
presence of or seropositivity to M. paratuberculosis, however, there was a lack of association
between high exposure occupations (e.g. farmers, large animal veterinarians) and
development of Crohn’s disease [11]. A survey of topic specialists (Chapter 5) concurred
with the findings of our synthesis research (Chapter 4) that M. paratuberculosis likely poses
a risk to human health. In this survey, 93% of respondents ranked it somewhere between low
and high risk [10], however, many topic specialists considered the priority of M.
paratuberculosis as a public health issue as only moderate due to poor understanding of how
exposure relates to disease [10].
Hazard Characterisation: M. paratuberculosis
There is little published information on the pathogenesis of M. paratuberculosis in humans
and none on the quantitative dose-response relationship between level of exposure and
development of disease. A small number of hypothesis-generating surveys have failed to
show a relationship between working in likely high exposure occupations and disease [11,
12]. Other research has investigated genetic susceptibility and routes of human exposure.
Existing research on the zoonotic potential of M. paratuberculosis is largely limited to cross
sectional, case control, case series and case report designs. These designs are unable to
evaluate a temporal relationship between exposure and disease, they do not provide
information on the possible pathogenesis of M. paratuberculosis infection, and are
susceptible to ecological and selection bias [20]. Unfortunately, prospective study designs
150

have not been conducted in this area and are probably not feasible given low disease
incidence for Crohn’s disease, the likely long latency period between exposure and disease,
and the seemingly wide-spread and continuous nature of potential low-dose exposure from
many sources.
Exposure Assessment: M. paratuberculosis
While it is not certain that this pathogen causes Crohn’s disease, understanding the various
sources and routes of human exposure to M. paratuberculosis is necessary should it be
decided to take precautionary actions to reduce human exposure. Historically, much focus
has been placed on dairy products (e.g. raw and pasteurized milk and cheese) as a vehicle of
exposure, but recent surveys have demonstrated that other potential sources also exist,
including; meat, environment media (e.g. contaminated surface water, soil or dust in areas
where there are domestic ruminants), direct contact with domestic and wild animals, drinking
water and possibly contaminated produce (fruits and vegetables) (Figure 1) [12]. Validation
and elucidation of uninvestigated vehicles of human exposure such as seafood remain
important knowledge gaps in assessing human exposure (Figure 1) [12].
Studies on foods from ruminants including milk, cheese, dairy products and meat indicate
that M. paratuberculosis can survive the pasteurisation or aging processes at very low
concentrations [12]. Cooking for periods of time beyond those recommended for E. coli
O157:H7 (an important target for beef pathogen-control programs) are required to fully
inactivate M. paratuberculosis in contaminated meat [12, 21]. Meat and dairy products are
commonly available and widely consumed foods that are logical vehicles of M.
paratuberculosis exposure (Figure 1), however in nine case control studies examining risk
factors for developing Crohn’s disease the only consistent positive associations were with
cheese and processed meat consumption, while no association was found for milk
consumption, living on a farm, contact with animals or having animals with Johne’s disease
on the farm (Table 1) [12]. A survey of topic specialists (Chapter 5) indicated that the most
likely sources of M. paratuberculosis exposure for humans are foods from domestic
ruminants including cattle, sheep and goats raised for meat and dairy production (Table 1)
[10].
Water and surface water sediment have been shown to contain M. paratuberculosis in
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surveys conducted on rivers and lakes (Figure 1), and M. paratuberculosis can survive for a
very long time in aquatic environments (Table 1). A few studies have isolated M.
paratuberculosis from municipal drinking water sources, demonstrating that at least under
some circumstances it can survive water treatment [12]. A case cluster of Crohn’s disease
patients in a small town were hypothesized to share only one risk factor, the local water
supply [22], however retrospective case control studies did not find an association with water
source and Crohn’s disease or with M. paratuberculosis seropositivity. Drinking and
recreational water were considered to be of moderate importance as potential sources of M.
paratuberculosis [10]. There is also potential for seafood contamination with M.
paratuberculosis, particularly shellfish that reside in shallow waters exposed to runoff water
from agricultural areas. However, to date research on possible seafood contamination has not
been published and was highlighted as a knowledge gap by many topic specialists [10, 12].
Mycobacterium avium ssp. paratuberculosis is an extremely resilient organism and it has
been shown in a number of experiments to survive for long periods of time under a variety of
conditions from wet to dry, extreme temperatures and high UV exposure (Table 1) [12]. It
survived for weeks in a biogas plant and is likely present in manure-based fertilizer used on
fields [23]. The few published experimental studies on plants demonstrated that it is possible
for a plant to internalize M. paratuberculosis [24], however this requires further evaluation to
understand the importance of this route of exposure for grazing animals, in animal feed
and/or for produce meant for human consumption. Topic specialists considered the risk of
human exposure to M. paratuberculosis from produce to be low [10].
Our scoping study findings concurred with the topic specialists’ opinions in that M.
paratuberculosis can be identified in ruminant populations on all continents and ruminant
fecal shedding is likely the main source of M. paratuberculosis persistence in the
environment (Figure 1)[12]. Isolation of M. paratuberculosis was not limited to feces from
domestic and wild ruminant species, but also from rabbits, hares, fox, domestic dogs and
common birds (e.g. sparrow) [12] . These findings illustrate that M. paratuberculosis is wide
spread and many animals are exposed and potentially shedding the pathogen. While
available evidence suggests that non-ruminants are unlikely reservoirs of M.
paratuberculosis, there is a lack of evidence to confirm whether M. paratuberculosis causes
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disease in non-ruminants and to what extent they may contribute to the environmental burden
of M. paratuberculosis. The topic specialists considered wildlife and non-ruminant domestic
animals to be less important sources of M. paratuberculosis for humans compared to
domestic ruminants (Table 1) [10]. The topic specialists ranked various potential routes of
human exposure to M. paratuberculosis and many respondents identified knowledge gaps for
several routes that may have skewed the ranking towards better understood sources (Table 1)
[10].
Thus, there are important knowledge gaps in terms of the level of contamination and
fluctuations in contamination of various human sources for M. paratuberculosis that prevent
development of a plausible exposure assessment model.
Risk Characterisation: M. paratuberculosis
The epidemiological evidence indicates a fairly consistent association between M.
paratuberculosis and human diseases like Crohn’s disease [11]. These associations do not
necessarily reflect a causal relationship and there are numerous knowledge gaps in
understanding, including whether M. paratuberculosis is indeed pathogenic to humans and if
so the pathogenesis of disease, susceptible populations, and conditions of exposure (Chapters
4 and 5) [11, 12]. Overall, the available evidence suggests that M. paratuberculosis is likely
a component cause of Crohn’s disease, probably involving other factors. If this is true, there
may be many combinations of sufficient component causes that lead to Crohn’s disease,
some of which do not require exposure to M. paratuberculosis. [25]. This is supported by the
inability to detect M. paratuberculosis in all Crohn’s disease patients and the lack of
association between Crohn’s disease and occupational exposure, e.g. farmer or veterinarian
working with infected livestock [11, 26, 27]. Immune dysfunction in combination with other
factors is among the hypothesized multi-factorial causes of Crohn’s disease [25]. A good
deal of research has gone into identifying human genotypes associated with up or downregulation of certain immune pathways and there is a large number of loci associated with
Crohn’s disease, but little clarity on which deficiencies result in development of Crohn’s
disease [28-30].
There is an extensive list of potential sources of M. paratuberculosis, which are summarized
in table 1 and figure 1, indicating it is likely that a large proportion of the human population
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is exposed at low rates throughout their lifetime, mainly through consumption of
contaminated food or water, but also through environmental exposure and direct contact with
infected ruminants [12]. Surveillance in Iceland and the Czech Republic documented an
increasing trend in Johnes disease followed 10 years later by an increase in the incidence of
Crohn’s diseases [25]. At the same time, other countries also noted increasing prevalence
(e.g. India), particularly in less developed countries that historically have had few
documented Crohn’s disease cases [31], but it is difficult to untangle whether these increases
are artefacts of increased awareness and diagnosis of Crohn’s disease and/or Johne’s disease
or actual increases in disease incidence.
Fundamental challenges with studying the zoonotic nature of M. paratuberculosis include the
slow development of disease (years) in animals and perhaps also in humans, low-level
lifetime exposure from several commonly encountered sources, and the difficulty in
identifying M. paratuberculosis in humans with Crohn’s disease. These factors make
understanding the epidemiology of this potential human pathogen extremely challenging. It
is also likely that its slow-growing nature and ability to take on the elusive cell wall deficient
form have contributed to some of the knowledge gaps or inconsistent evidence associated
with M. paratuberculosis and Crohn’s disease [32]. These factors make identifying low
concentrations of M. paratuberculosis extremely difficult and have probably contributed to
inconsistent results from studies on humans, environmental samples and samples from
subclinically infected animals where concentrations of M. paratuberculosis, if present, are
close to the detection limits of the test [11, 12]. According to topic specialists, a critical
subject of future research is improvement of tests to detect infection at earlier stages, and at
lower levels of contamination in various foods and environmental media [10].
Risk Mitigation: M. paratuberculosis
The diagram in Figure 1 illustrates the potential sources for humans, many of which are
foods commonly available for consumption in many countries. Based on the literature and
topic specialists surveyed there is currently no government or industry-run M.
paratuberculosis control program targeting food, however it is conceivable that interventions
such as improved pasteurization to decrease food product contamination with M.
paratuberculosis could be a future marketing advantage. Similarly, it is possible that
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continued local or international trade of ruminant sourced food products (e.g. meat and dairy)
or breeding animals may in future become subject to demonstration of M. paratuberculosis
free status [33]. Thus, other drivers for control programs may include processor, retailer or
import requirements, and desires by animal industry sectors to achieve competitive
advantages, and the potential public health impact of M. paratuberculosis.
The only existing M. paratuberculosis control programs are those for Johne’s disease (both
voluntary and mandatory) targeting ruminants on the farm, and in at least one program, bulk
tank milk [34, 35]. The voluntary nature of many of these programs was cited by topic
specialists as an explanation for the spotty program adoption across their country [10]. Widespread adoption was also hampered by historical stigmas associated with Johne’s disease
control programs such as high costs and limited success [35-38]. Voluntary on-farm
programs aim to prevent Johne’s positive animals from entering a herd and minimise the risk
of susceptible animals acquiring infection [39]. These biosecurity measures when combined
with test and cull offer the most cost-effective mitigation option [39, 40], and may also
reduce other pathogens on farms. From a public health perspective, on-farm Johne’s disease
control programs theoretically should decrease the load of M. paratuberculosis in many of
the sources of human exposure identified in figure 1. However, the impact of these
mitigation programs on contamination of the environment and ruminant products has not
been evaluated (Table 1). When topic specialists were asked about the current mitigation
efforts and whether more should be done, 68.4% of respondents indicated that current efforts
were sufficient and only 50% thought expenditures of further resources were warranted.
Related to government’s role, 92% indicated that they should keep apprised of the issue as
opposed to taking a more active role [10].
Overall, the current Johne’s disease control programs were considered by topic specialists to
be a proactive approach to the control of M. paratuberculosis, which has many direct
benefits to the ruminant industry. These programs also have costs associated with them
which are mainly paid by the producer, including those related to changes to the farm
environment and facilities and to the costs of testing and premature culling of animals. These
costs are projected to be offset by decreasing cost of disease on the farm and better overall
production, and may be further offset by marketing advantages for having a low-risk of
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Johne’s disease herd [39, 41].
Conclusions
The information from syntheses of the literature on the zoonotic potential of M.
paratuberculosis [11], sources of M. paratuberculosis relevant to human exposure [12], and
a survey of empirical knowledge from topic-specialists [10] provides a strong evidenceinformed foundation for decision-making [42]. Ultimately two points resonate; first we do
not know the extent and type of role that M. paratuberculosis plays in human disease.
Second, ruminants are the main known reservoir and at this time no country or jurisdiction
has increased its risk mitigation strategy beyond on-farm control programs. Most countries
have encouraged development of voluntary on-farm Johne’s disease control programs until
additional evidence or superior control strategies are available [39]. Producers and affected
agricultural industries should be aware it is possible that future trade of ruminant derived
products (semen, animals, dairy and meat) could require proof of M. paratuberculosis-free
status [33]. Industry should be encouraged to continue to build Johne’s disease
(paratuberculosis) control programs that will have wide-spread benefit for the immediate
herd as well as reducing the burden of M. paratuberculosis contamination of food and the
environment. Overall, the current efforts should be seen as preventative measures that offer a
degree of precaution with respect to public health and will also reduce the likelihood of
future trade barriers due to M. paratuberculosis.
M. paratuberculosis is not considered an urgent public health priority and the impact of
allocating additional resources to prevent human exposure to M. paratuberculosis is
unknown. Some critical knowledge gaps need to be addressed in order to evaluate the
potential impact of additional public health mitigation strategies. It would be prudent to
continue monitoring and evaluating new evidence in this area, as M. paratuberculosis is an
animal health issue, an agri-food issue and potentially a public health issue.
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Blue: represents exposure pathways related to human consumption of water and food. Increasing thickness (
) of the lines
that link sources indicates increasing amount of evidence and confidence that M. paratuberculosis contamination occurs along this
route.
Figure 1: Potential pathways of human exposure to M. paratuberculosis weighted by the quantity and consistency of the current
literature and topic specialists’ opinion.
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Table 1: High level summary of sources of M. paratuberculosis, knowledge gaps and topic
specialist ranking for the importance of the source for humans and the priority for mitigation
extracted from Chapters 3, 4 and 5. [10-12]
Source

Human
Source
Ranking
1=highestǂ

Priority
for
Mitigation
(low to
high)ǂ

Number
of
studies*

Conclusions

Knowledge Gaps

Human
Breast Milk

N/A

N/A

1

This observation has
not been replicated.

Human to Human

10

N/A

0

M. paratuberculosis
can be excreted in
breast milk of women
with Crohn’s disease
N/A

Food for human consumption
Raw Dairy
1

N/A

57

Concentration in
positive samples.
Likelihood of human
exposure.

Pasteurized Dairy

2

N/A

37

Beef

5

N/A

16

Processed meats

N/A

N/A

2

Seafood

11

N/A

3

Produce

9

Low

4

Baby formula

N/A

N/A

2

Detection by culture
and PCR in milk and
cheeses. Contradictory
information on
association with
Crohn’s disease
Detection by culture
and PCR in milk and
cheeses. Crohn’s
disease not associated
with milk and a
positive association
with cheese.
Detection by culture
and PCR
Not associated with
Crohn’s disease
Significant positive
association with
Crohn’s disease
Contradictory findings
on the association with
fish consumption
No association shown.
M. paratuberculosis
uptake by plants has
been demonstrated.
PCR (1 European
study)
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Not researched,
unlikely to be a
major source of M.
paratuberculosis.

Concentration in
positive samples.
Likelihood of human
exposure.

Field surveys are
required to better
understand the risk
of human exposure.
No surveys have
been conducted.
No surveys of fish or
shellfish have been
conducted.
No surveys have
been conducted.

Implications
unknown.
Likelihood of infant
exposure.

Water
Recreational water

8

Medium

10

Detected by culture
and PCR.

7

Medium

9

Detected by culture
and PCR.
No association with
drinking water source.
One case cluster
associated with water
supply.

N/A
N/A
N/A
N/A
N/A
N/A
N/A

Medium
High
Medium
Low
Low
Low
Low

44
51
21
22
13
8
69

Ruminants are the
main reservoir.
Detected globally.
Farm mitigation
programs available in
many countries- most
voluntary.
Variable prevalence
within populations,
across national herds
and across continents.

No research on direct
transmission to
humans.
No research on
indirect transmission
(via the
environment) to
humans.
The role of nonruminants in the
transmission cycle is
unknown.

Environment
Direct contact with
ruminants

3

N/A

3

No association with
Crohn’s disease

Living on a farm

4

N/A

4

No association with
Crohn’s disease

Environment

6

N/A

15

Detected in and around
the farm/barn/pasture.
Long survival under
extreme conditions.
No association with
Crohn’s disease

Magnitude of
exposure if working
on a Johne’s disease
positive farm.
Magnitude of
exposure if living on
a Johne’s disease
positive farm.
No research on the
role of exposure to
contaminated
environments.

Municipal/Drinking
water

Animals
Beef cattle
Dairy cattle
Sheep
Goats
Deer
Buffalo
Wild animals

No research on
human exposure
risk.
More research is
needed as results are
contradictory. Risk
of human exposure
needs to be
quantified.

* Details on the studies are described in detail in the systematic review and scoping review published on this
topic [11, 12].
ǂ
The ranking scores were adapted from a survey of M. paratuberculosis specialists [10].
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SUMMARY DISCUSSION AND CONCLUSIONS
Mycobacterium avium ssp. paratuberculosis has been investigated for over a century as a
cause of human diseases, particularly Crohn’s disease, however there is still insufficient
understanding of the role this agent may play in human disease to warrant the development
and implementation of mitigation strategies specifically intended solely for the prevention of
human exposure. On the other hand, M. paratuberculosis is the cause of Johne’s disease in
ruminants and has well-documented impacts on animal health and productivity. Since
ruminants are the only known reservoir for M. paratuberculosis, efforts to control the
infection in the ruminant reservoir on-farm have, in addition to their animal health and
production benefits, the potential to decrease the burden of M. paratuberculosis
contamination in the environment, water and foods for human consumption. For public
health, the on-farm programs may be viewed as a proactive, precautionary measure until the
public health impacts become more definitively characterized.
Chapter 2 of the thesis reported a study of the current state of the review literature on M.
paratuberculosis, transmissible spongiform encephalopathies and antimicrobial resistance,
three complex and controversial zoonotic public health topics with important existing
uncertainties and/or knowledge gaps. Using three topics in this study allowed us to examine
consistency in our findings across topics with similar attributes. Most importantly, this study
showed that the review literature on these topics lacked clear objectives and methods (e.g.
complete description of search methods, inclusion/ exclusion criteria and how data was
selected for extraction) which would aid in the reader’s evaluation of how well the author
minimized bias in the review. These findings reinforce the urgent need for improving
awareness and use of synthesis methodologies (e.g. systematic review and scoping review)
that are designed to review and synthesize published literature using structured and
reproducible methods to provide evidence-informed inputs into the decision-making
processes. The findings of this chapter support the overall research rationale of the thesis by
identifying deficiencies in review literature on controversial zoonotic public health topics
such as M. paratuberculosis. The lack of properly conducted research syntheses in this area,
coupled with the many critical knowledge gaps that are present, leads to a wide range of
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often conflicting scientific opinions on the public health implications presented in the
literature.
In Chapter 3 we describe a scoping review that captured information on the potential sources
of M. paratuberculosis for humans. The goal in this project was to identify the quantity,
quality and breadth of published research on various potential sources. We identified a
variety of study types from surveys to consumption pattern case control studies that provided
information on the risk of exposure from various sources and whether any of those sources
were associated with human disease. The challenge with this chapter was to define the scope
and inclusion criteria for this review, as it was neither desirable nor practical to review the
entire M. paratuberculosis literature. We limited the scope to those studies that provided
disease or contamination information in various animal populations and their products and
environments. The literature on herd level prevalence, interventions and diagnostic test
accuracy research has been reviewed elsewhere and was considered outside the scope of our
main objective. We were primarily interested in research that provided information on the
extent of M. paratuberculosis contamination in sources and vehicles of human exposure. A
stakeholder committee of experts across Canada was engaged to provide feedback on the
scope of the review and verify the hypothesized source list. There was limited Canadian
evidence to either support or refute the existence of many hypothesized sources, and on the
whole, the literature is somewhat limited to confirming that certain well-studied sources or
vehicles of exposure exist. For example, there is a lot of domestic ruminant research from
Canada that substantiates the existence of cattle as a source of M. paratuberculosis for
humans, but no research on contamination of water. Thus, information supporting
conclusions about some sources is extrapolated from other areas of the world with no
Canadian comparison.
Chapter 4 is a systematic review on the zoonotic potential of M. paratuberculosis, where we
identified, meta-analysed and summarised the available research evidence. Most of the
research to date studied the association between M. paratuberculosis and Crohn’s disease in
humans, but recently, research has also identified significant associations with M.
paratuberculosis and other human diseases, including diabetes mellitus type 1 and multiple
sclerosis. Future research may confirm and further improve our understanding of M.
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paratuberculosis as a zoonotic pathogen or, less likely, it may refute this role. Our review
revealed that there remain serious knowledge gaps on the zoonotic potential of M.
paratuberculosis.
Chapter 3 and 4 used synthesis research methods to provide a rigid, structured and
reproducible method for minimising the bias in a review of the literature. Historically
synthesis methodologies such as systematic reviews and scoping reviews have not been used
to review the literature on zoonotic public health topics even though research synthesis is a
fundamental part of the research process. Accompanying meta-analysis, when sufficient
quantitative data is available, provides an informative and unbiased set of tools to summarize
the results of studies on the same topic. The application of research synthesis methods on
epidemiological study designs (e.g. cohort, case control, cross-sectional) as opposed to
randomized control trials and on zoonotic public health issues instead of a focused evaluation
of an intervention, is relatively new and many of the tools such as the evaluation of risk-ofbias are still undergoing validation within the synthesis research community. This
community is also debating the appropriate role and methodology for scoping reviews. In
this thesis the scoping review was used to identify and characterise the research underpinning
a broad research question (chapter 3) and was conducted using the general process of
systematic review, but with minimal evaluation of the risk-of-bias and a short data
characterisation tool. The goal in this case was to understand the research underpinning the
broad topic and then prioritize identified specific sub-topics for systematic reviews where
sufficient research exists. The synthesis methodologies used in this thesis were successfully
adapted from their intended use in the evaluation of interventions in human medicine and this
is also true for the application of meta-analysis on epidemiological studies which is
challenging due to the influence of moderator variables and confounders. On the other hand,
stakeholders often desire quantification and demonstration of statistical significance of an
effect estimate and/or the degree of variation in order to use the syntheses information in
decision-making. Within Chapters 3 and 4, meta-analyses were used to communicate
consistencies and disparities within outcomes and explore if heterogeneity could be
explained by study level covariates.
Systematic review is the gold standard method for evaluating the existing available literature
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with respect to minimising review bias (Cochrane Collaboration). However, properly
conducted systematic reviews are extremely labour intensive and require a team of skilled
researchers to complete, which are barriers to their application. The review team requires
extensive skills in library science (to develop, test and conduct reproducible literature
searches), project management, data management, data analysis and expert knowledge of
study designs (crucial for the evaluation of the risk-of-bias). In chapter 4 we adapted risk-ofbias and summary of findings principles from the Cochrane Collaboration and the Grading of
Recommendations, Assessment, Development and Evaluation (GRADE) Working
Group tools developed for randomized controlled trials to evaluate how well authors
designed and/or reported their quasi-experimental and epidemiological studies to control for
various confounders and biases.
There are some limitations to the reviews that were conducted in this thesis, including the
potential for a language bias as we did not have funding to translate articles that were
published in languages other than English and French. In addition, although we had an
extensive search protocol for both primary literature and grey literature, we may have missed
some relevant publically available research. Ultimately, our findings were influenced by the
quality of reporting within the primary literature, which varies greatly by topic and year of
publication. For example, some published research did not contribute to the quantitative
summaries because data was not presented in an extractable format. Recent reporting
standards should be adhered to by researchers as they provide guidance on reporting to
improve the utility of new research published for use in synthesis research and evidenceinformed decision making (e.g. PRISMA “Preferred Reporting Items for Systematic
Reviews and Meta-Analyses”, REFLECT “Reporting guidElines For randomized
controLled trials for livEstoCk and food safety", STROBE “STrengthening the Reporting of
OBservational studies in Epidemiology”).
Chapter 5 describes our web-based survey where we elicited topic specialist opinion on
relevant aspects of the M. paratuberculosis issue in order to determine how these specialists
interpreted and applied the relevant literature. Specifically, the survey sought opinion on
sources of M. paratuberculosis for ruminants and humans, information on control programs,
current knowledge gaps/ critical areas for future research and opinion on ranking M.
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paratuberculosis in terms of risk to human health and as a public health priority. The study
results provided insights into the issue not gleaned from the literature (e.g. priority
knowledge gaps for future research and the appropriateness of current mitigation strategies)
and confirmed many of the findings from our synthesis studies (e.g. the likely importance of
various sources and the weight of the evidence on the zoonotic potential of M.
paratuberculosis). The majority of respondents indicated that most on-farm control programs
had been recently modernized and were the best mitigation strategies currently available.
They also expressed the opinion that further mitigation at downstream points in the human
food chain (e.g. food processing) were not yet warranted given the uncertainties about the
zoonotic potential of M. paratuberculosis. The majority opinion was that governments
should remain apprised of this issue, but expenditure of additional resources and intervention
was not recommended beyond those justified on animal health and productivity grounds.
This survey targeted topic specialists who were defined as individuals who had authored an
article on M. paratuberculosis or were members of a professional scientific M.
paratuberculosis organisation. We explicitly targeted this group on the premise that they
should be able to provide expert advice in the area. It is likely, however, that topic specialists
invested in this issue may rank it differently with respect to public health importance or
consider the evidence for the risk to human health differently compared to professionals who
are not topic experts. While web-based and mail surveys are efficient ways to administer
questionaires to a geographically dispersed study group, they do not encourage dialogue and
there is a possibility of not asking the right question or having a question interpreted
differently due to the language or wording of the question. The web-based survey was also
only available in English; this was likely a barrier for some researchers. On the whole, we
believe that a web-based questionnaire was the best format to reach a global cross-section of
topic specialists on this issue.
Chapter 6 examined, in the format of a risk profile, the most important evidence and topic
specialist empirical knowledge that emerged from previous chapters. The risk profile format
was selected because it is a summary report format advocated by Codex Alimentarius and
other organisations for communication of risk issues to decision makers and risk managers.
This chapter summarised information from preceding chapters to form an overall state of
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knowledge on the M. paratuberculosis issue, identified critical knowledge gaps and
formulates appropriate recommendations that pertain to public health. The major
recommendation that emerged is to encourage industry to continue with their efforts to
develop and implement on-farm Johne’s disease control programs. While these programs are
primarily intended to promote animal health and productivity, they may also have
precautionary public health value by reducing human exposure to this organism, to the extent
that they decrease the burden of M. paratuberculosis contamination in ruminants, nonruminants, environment, water and food for human consumption. Available evidence
indicates that ruminants, particularly domestic ruminants, are the primary reservoirs for M.
paratuberculosis and are therefore the primary source for M. paratuberculosis in human
food. Thus, control at the farm level should have the downstream effect of decreasing the
burden of M. paratuberculosis in all sources. There are many critical knowledge gaps, which
are barriers to a complete understanding of the public health impact of M. paratuberculosis
exposure from various sources. Unfortunately, these gaps prevented us from pursuing a
meaningful quantitative exposure assessment or even ranking the important sources with
respect to exposure. Based on available data, the best that can reasonably be done is to
qualitatively identify the sources (i.e. a given animal population or food is or is not a source,
or not studied). Based on the results of the scoping review and topic specialist survey, it
seems likely that humans are commonly exposed to small numbers of M. paratuberculosis
during their lifetime, but there is much remaining uncertainty on the frequency and dose of
exposure. The knowledge gaps from the scoping review and systematic review also
prevented a ranking of sources so these were summarized descriptively.
A main recommendation arising from this thesis is to improve the quality of the review
literature on zoonotic public health topics. Also, future research on M. paratuberculosis
should address the knowledge gaps identified in chapters 3-6. These include improved
diagnostic tests to identify subclinically infected animals or low-level contamination of
samples. Research on the prevalence of M. paratuberculosis contamination should be
accompanied by estimates of the concentration of contamination in order to support future
exposure assessments. With respect to the zoonotic potential of M. paratuberculosis, we
encourage future researchers to identify who is at risk of developing disease due to M.
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paratuberculosis exposure and under what conditions disease develops (genetic
predisposition, dose-response, and environmental conditions) ideally using prospective
cohort study designs to demonstrate whether exposure precedes disease. This will contribute
to our understanding of the potential public health impact of M. paratuberculosis.
In summary, we used a mix of methodologies in this thesis, including research synthesis and
expert opinion solicitation, in order to gather together the evidence and contextual
information pertaining to a controversial zoonotic public health issue, focusing on the
zoonotic potential of M. paratuberculosis. The methods used to conduct the synthesis
research described in chapters 3 and 4 are useful for keeping apprised of an unresolved issue
such as the zoonotic potential of M. paratuberculosis because the information may be
periodically updated with significantly less effort than starting from the beginning. Synthesis
methodologies minimize review bias by documenting each stage, decision and tool used. The
standardization and rigour of this process helps to ensure that the information obtained is
most useful in the decision making process for gaining the trust of skeptics and adversaries
and for making evidence-informed policies. Many international organisations such as
European Food Safety Authority (EFSA) and World Health Organisation (WHO) have
adopted new policies that require systematic reviews underpin the scientific advice used in
decision-making. This is an indication that there is increasing awareness and receptivity from
decision-makers and experts for use of knowledge synthesis methods in the provision of
evidence-informed summaries in public health and food safety. Although these resourceintensive methodologies are not necessary for all questions, they are recommended for major
issues requiring evaluation of risk and selection of optimal mitigation options. In the case of
the zoonotic potential of M. paratuberculosis we have demonstrated that it is the existence of
critical knowledge gaps and resultant uncertainties that helps to explain why researchers
interpret the available research differently and then sometimes provide conflicting opinions
and advice. While there may be many critical knowledge gaps, this potential public health
issue cannot be ignored and research advances and mitigation activities should continue to be
monitored and periodically evaluated to affirm the appropriate level of action is being taken.
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APPENDICIES
2.1 Protocol: the methodological quality of literature reviews addressing
(potential) zoonotic public health issues
Project Team:
Lisa Waddell, Andrijana Rajic, Jan Sargeant Anne Deckert, Sarah Parker, Scott McEwen
Scope:
Methodological review of literature reviews pertaining to three selected (potential) zoonotic
questions, namely
1)
The zoonotic potential of Mycobacterium avium ssp paratuberculosis
(MAP).
2)
The impact of antimicrobial use in animals (AMU) on the development of
antimicrobial resistance (AMR) in humans.
3)
The zoonotic potential of Transmissible Spongiform Encephalopathies
(TSE) (such as Bovine Spongiform Encephalitis (BSE) in cattle, Scrapie in
sheep, Chronic Wasting Disease (CWD)) in deer on variant CreutzfeldtJakob disease (vCJD) in humans).
Rationale/Objectives:
a. Many emerging potential zoonotic public health issues are of complex
nature – e.g. AMU/AMR, MAP/CD, TSE/vCWD
b. Traditional literature reviews written by topic/issue experts to explore the
research evidence associated with potential zoonotic pathogens or agrifood production practices; to identify research gaps and provide
recommendations for policy developments
c. Etiology question-related reviews often end up with conflicting evidence
and recommendations
d. Policy makers/other stakeholders use these reviews to prioritize policy
issues and initiatives.
e. According to our knowledge, the quality of literature reviews has not been
examined for etiology questions of potential zoonotic nature.
f. The purpose of the paper is to identify strengths and weaknesses in the
peer-reviewed published literature reviews on three selected potential
zoonotic public health issues using specific criteria.
g. Other researchers examined the quality of medical review articles and
their approach will be adopted and modified for the purposes of this study.
The checklist for reviewing reviews was developed in 1985 and since has
been modified and used by a number of researchers to investigate the
quality of literature reviews on different topics.
Tentative Project Timeline:
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May – August 06

Sept 06

- Literature search (Lisa and Janet)
- Draft protocol written, tools developed (Lisa/Andrijana)
- Relevance screening (Lisa/Andrijana)
- Initial pre-testing of the checklist (Lisa/Andrijana)
- Group meeting / discussion (group)

Sept 06

- Pre-test/finalize checklist on 6 articles (group)

Oct – Feb. 07
Mar 07
April –May07

- Review the reviews, resolve conflicts. (LW + AR & group)
- Clean, summarize data, collect references (Liz H.)
- Judy will be working on the paper based on outline from (AR.LW).

May-June 07

- Groups edits  submit to selected journal (suggested journal: Public
Health and Zoonoses)

Methods:
Identifying Reviews
 Three separate searches were conducted using Pubmed, Scopus, Current Contents,
CAB and Food Science and Technology Abstracts (FSTA), from 1990 to present
(please see search terms below).
 Searches were conducted using the search terms and a methodological filter for
“literature reviews”. Relevance screening was done on those articles identified as
reviews by at least one of the databases.
Zoonotic Impact of MAP (1990 – August 2006)
Search Terms:
((johne disease) OR (Johne’s disease) OR (johne* disease) OR (paratuberculosis))
AND
((crohn* disease) OR (crohn disease) OR (Crohn’s disease) OR (krohn disease) OR
(krohn* disease) OR (inflammatory bowel disease) OR (inflammatory bowel
diseases)
Results:
 264 literature reviews
 71 relevant literature reviews
 31 reviews reviewed
Zoonotic Impact of AMU in animals on AMR in humans (1990 – July 2006)

171

Search Terms:
(human OR humans OR man)
AND
(animal OR animals OR pig OR swine OR cow OR cattle OR poultry OR chicken)
AND
(antibiotic resistance OR antimicriobial resistance OR drug resistance)
AND
(antimicrobial use OR antibiotic use OR drug use)
Note: Agricola was difficult to search: ended up with the (resistance terms) AND (AMU
terms) AND literature review to get articles. With population terms we got zero hits.
Results:
 307 literature reviews
 95 relevant literature reviews
 72 reviews reviewed
Zoonotic Impact of TSEs
(1990 – August 2006)
Search Strategy:
(Bovine Spongiform Encephalitis OR Scrapie OR Chronic Wasting Disease OR
transmissible mink encephalopathy OR feline spongiform encephalopathy)
AND
(Creutzfeldt-Jakob Disease OR variant Creutzfeldt-Jakob Disease)
Results:
 1561 literature reviews
 169* relevant literature reviews (* Only 2000-2006)
 91 reviews reviewed
Screening Reviews for Relevance
Inclusion Criteria:
 All peer-reviewed literature review articles that review and summarize etiologic
evidence associated with three specific topics from primary papers.
Exclusion Criteria:
 Primary literature associated with our selected topics or articles related to other
topics.
 Articles that do not deal with the zoonotic potential of the specified topic. E.g.
Review of the tests for measuring AMR.
 Articles that are not available in English
 Risk assessments.
 If the articles only discuss the diagnosis technology.
 General surveillance articles
 Editorials, commentaries, letters, non-peer-reviewed expert opinions; workshop or
government reports
Proceedure
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Two reviewers had to agree on the relevant citations as those that met the above
inclusion/exclusion criteria and were considered to cover the topic of interest.

Relevance Screening Tool:
1. Is this article a peer-reviewed literature review article?
Yes, Conventional Review
Yes, Systematic Review
Yes, Meta-analysis
No, Primary Article
No, Risk Assessment
No, Other ____________
(If you answer NO, do not continue)
2. Does this article synthesize information on the zoonotic potential of MAP,
AMU on AMR or TSEs. (Depending on the database being screened only one
topic will be written)?
Yes
No
3. Is this article available in English?
Yes
No



A list of literature reviews on the zoonotic potential of each topic was created in
Procite and in Excel.
Articles will be obtained and scrutinized for being review articles.

Selecting reviews for evaluation
 There are more than 30 reviews per topic published between 2000 – 2006; thus the
group decided to evaluate all reviews per topic that fell into this date range.
Pretesting the Review Assessment Checklist (appendix A):
All reviewers pre-tested the checklist on 6 reviews (2 per topic) and discussed
agreement/further refinement through e-mail.
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Appendix A
Checklist for Reviewing Reviews

Citation Information
Reference ID:_______________________________
Reviewed by: _______________________________
Date Reviewed: _____________________________
Journal: ____________________________________
Year of Publication: _ _ _ _
This article pertains to:
JD vs. CD
AMU vs. AMR
Animal TSEs vs. vCJD

General Criteria:
1.

The review included information on: (Check all that apply)

The paper is considered to review aspects of a topic when it is mentioned beyond the introductory sentences of the
review.

a. Crohn’s Disease
b. Johne’s Disease/
Paratuberculosis
c. Zoonotic potential of MAP
d. Milk as source of infection for
humans
e. Other sources of MAP for
humans (direct contact, meat,
water etc.)

a. AMU in one food animal species
b. AMU in multiple food animal
species
c. AMR in one bacterium
d. AMR in multiple bacteria
e. General human population
f. Specific human population
(hospital?)
g. Other: specify____________

2. The type of review is:





Conventional review includes all articles that try to objectively
summarize the literature, but do not use strict criteria of a systematic
review and do not include quantitative analysis such as meta-analysis or
risk assessments.
Systematic review the author has made an attempt to find, include and
objectively evaluate all relevant studies in the review, thus minimizing
bias
Meta-analysis A statistical technique used to obtain a summary statistic
of the overall effect
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a. TSEs,
b. BSE
c. CWD
d. Scrapie
e. vCJD

a. Conventional Review
b. Systematic Review
c. Meta-analysis
d. Other (These should
already be
excluded, refer to
relevance criteria)

i. If it is a meta-analysis, did they use/report a systematic review
process?

ii. Is the zoonotic aspect of the issue the main focus or a sub-section of
the review?

Yes
No
NA
Main Focus
Sub-section
Brief/ Introductory
Review

Main Focus: The zoonotic issue is the main focus of the review.
Sub-section: The review has a broad focus with only a section designated to
discussion of the zoonotic aspects of the issue.
Brief/ Introductory Review: Limit to articles that state brief review in the title,
abstract or introduction.

3. Did the review state a focused question?
Yes- The review stated the purpose including the population, outcome, exposure/risk
factors they were investigating in the title, abstract or introduction.
No- The title is vague and the abstract or introduction doesn't indicate why they are
writing the review.

4. Was the method of locating evidence described?
Yes- The search terms and strategy were clearly described.

5. Were explicit criteria stated or used to select studies?
Yes- Inclusion and exclusion criteria were stated.

6. Was the methodological validity or quality of studies assessed?
Yes- Criteria to evaluate the methodological quality of studies were described.

i.

If yes, Did two or more people assess each study?
Yes- two or more people assessed these articles.

ii. If yes, is the assessment of the studies reproducible?
Yes - a standardized list of quality assessment and data extraction questions was
used to evaluate studies included in the review.

Yes
No

Yes
No
Yes
No
Yes
No
Yes
No
Na
Yes
No
Na

Analysis of the Data
7. Sources of heterogeneity in existing data related to the zoonotic potential
were referred to or addressed.
Yes – Reasons for differences between studies were provided
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Yes
No

8. Did the author indicate there was evidence for the association?
Yes, the authors indicated that the body of evidence supports an association.
No, the authors indicated that the body of evidence refutes an association
Inconclusive, the authors indicate that the body of evidence does not support or refute
an association and more work needs to be done.

9. Did the author indicate there was evidence of a risk to public health?
Yes, the authors indicated that the body of evidence supports a risk to public health.
No, the authors indicated that the body of evidence refutes a risk to public health.
Inconclusive, the authors indicate that the body of evidence does not support or refute
a risk to public health and more work needs to be done.

10. Did the author attempt to express the magnitude of risk through some
affect measure such as an odds ratio?
Yes, Specify the effect measure reported.

11. Quantitative synthesis of the risk to public health was attempted on the
existing data?
Yes – summary estimates of risk from multiple studies were synthesised.

12. Were the human health outcomes associated with this potential zoonotic
public health risk mentioned?
Yes- specific health outcomes were mentioned or presented.

i. If yes, check all that apply.
Definitions:
Morbidity: 1 : a diseased state or symptom
2 : the incidence of disease : the rate of sickness (as in a specified
community or group)
Mortality: 1: the number of deaths in a given time or place
2 : the proportion of deaths to population

13. Overall, how would you rate this review considering its identification
and assimilation of all available studies and how objective the author's
approach was?
(Poor/subjective) 1 2 3 4 5 (well laid out/objectively evaluated)

Yes (clearly)
No
Inconclusive
Didn’t discuss
Yes (clearly)
No
Inconclusive
Didn’t discuss
Yes, specify_______
No
Yes
No
Yes
No
a. Increased morbidity
b. Increased
hospitalizations
c. Increased mortality
d. Other ______
Na

1
2
3
4
5

Conclusions and Recommendations of the Review
14. Do the conclusions of the review match the information presented in the
review?
Yes - the author’s conclusions supported by the evidence presented in the review.
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Yes
No

15. Were the directives for future research (identifying gaps in knowledge)
initiatives stated?
Yes – clearly stated.

16. Were the cost or economic aspects of the zoontic issue mentioned?
Yes, the economics associated with implementation of a surveillance program was
presented
Yes, the economics associated with implementation of control/intervention programs
were presented
Yes, some economic aspects were mentioned without specific details of the programs.

Yes
No
Yes, surveillance
Yes, control
programs
Yes, not specific
No

No, economic aspects were not considered.

17. Comments:

________________

The following criteria has been adapted from a previously used checklist
(1-3).
References
1. Ladhani S, Williams HC. The management of established postherpetic neuralgia: a comparison of
the quality and content of traditional vs. systematic reviews. Br J Dermatol 1998 Jul;139(1):66-72.
2. McAlister FA, Clark HD, van Walraven C, Straus SE, Lawson FM, Moher D, Mulrow CD. The
medical review article revisited: has the science improved? Ann Intern Med 1999 Dec
21;131(12):947-51.
3. Mulrow CD. The medical review article: state of the science. Ann Intern Med 1987
Mar;106(3):485-8.
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2.2: List of literature reviews examined by issue.
Mycobacterium avium ssp. paratuberculosis as a potential cause of Crohn’s Disease in
humans, MAP (n=30)
1. Acheson, D. W K. An alternative perspective on the role of Mycobacterium
paratuberculosis in the etiology of Crohn’s disease. Food Control 12[6], 335-338.
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3.1 Protocol for the scoping review

Protocol: Evaluating Pathways of Human Exposure to Mycobacterium
avium ssp. paratuberculosis: A Scoping study of the existing knowledge
Project Team:
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Dr. Andrijana Rajić, co-advisor
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Date updated: September 20, 2014
Proposed Study Summary
Canada has one of the highest reported prevalence estimates (161- 319/ 100 000) of
Crohn’s Disease (CD), for which there is no known cause or cure. The multi-factorial
etiology of CD is not well understood, however Mycobacterium avium subsp.
paratuberculosis (MAP) is believed to be the leading infectious disease candidate.
Systematic review-meta-analyses (SR-MA) published between 2007-08 have addressed
primarily observational case-control research, mostly comprising of small, secondary
base studies that report a lack or presence of epidemiological association of MAP
detection in individuals diagnosed with CD. MAP has been found more frequently in
CD patients than in a variety of controls 1;7;12. The methodological approaches in these
SR-MA differed in terms of study inclusion criteria and how statistically significant
heterogeneity was dealt with in the analysis.
While the debate may continue with respect to the validity of various approaches used in
these SRs, or the validity of using SR-MA on etiology research in general, a better
understanding of various routes of human exposure to MAP is also a more relevant
priority. Traditionally, the focus of studying human exposure to MAP has been on dairy
(raw and pasteurized milk and cheese). Other potential exposure routes, such as meat,
environment, domestic and wild animals, water and possibly contaminated produce
(fruits and vegetables) have been investigated recently. As new research become
available, there is an opportunity to learn about pathways for human exposure to MAP.
At the last meeting (February, 2011) of the Health Canada Advisory Committee on this
issue, the expert committee indicated the relevance of conducting a study that would
evaluate the evidence on human exposure routes for MAP and the National Advisory
Committee on Microbiological Criteria for Foods (2010) also published their findings
from a 2008 meeting on current issues for MAP detection in ruminants and humans and
evidence of human exposure to MAP.
To address this question, we propose a synthesis research approach, which would follow
a transparent and structured process for identifying, critically appraising and summarizing
or synthesising research evidence on MAP associated with various human exposure
pathways. Specifically, we propose the use of a scoping study, which is used to
summarize the evidence on a broad and complex topic in order to characterise and
highlight the existing evidence and gaps in our current state of knowledge. Using a
participatory approach, engagement of a small and diverse group of potential end-users
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from government, academia and public in the scoping study, the Stakeholder Committee
(SC), would start from framing the right questions, include project progress and project
findings discussions in order to shape the development of useful knowledge translation
products for informed policy decision making. The SC would have 3-4 conference calls
over the duration of the project (9-12 months) on the research scope, addressing relevant
questions, establishing lines of argument, and contribution of suggestions for the
development of effectively packaged results into practical and useful knowledge
translation products for policy makers, decision makers and other users.
This document is a brief description of the proposed scoping study protocol, which has
been developed to inform the stakeholder committee on the main features of the scoping
study, study implementation plan and communication between SC and research team. A
detailed protocol is available upon request and includes rational for scientific decisions
and detailed methods.
Briefly, the study implementation will start with the first stakeholder committee
conference call. The scope, purpose, methodological approach and outputs of the
proposed scoping study will be discussed, including specific knowledge translation and
exchange plans with the main aim to increase utility of the findings for the end-users.
The scoping study will follow reproducible and transparent principles from knowledge
synthesis methods including a well documented search to capture research on all potential
pathways of human exposure to MAP, pre-tested and uniformly applied relevance
screening, study characterization and methodological assessment steps. Resulting
information will be used to map and summarize the evidence on exposure pathways and
identify major gaps and needs. In consultation with the stakeholder committee, the
research team will identify and prioritise areas suitable for rigorous SR-MA using
specific criteria in terms of quality and quantity of the evidence. Opportunities to use the
results of this study to populate a “MAP risk profile” will be explored.
This study is part of the Lisa Waddell’s graduate research project at the University of
Guelph. The project outputs, such as study summary, briefings and peer-reviewed
publications will be shared with the SC and their input will be considered and
incorporated into these products. In a larger project, these results may also be used to
populate a “MAP risk profile” and development of potential policy options.

Study Rationale
Over 150000 Canadians are estimated to be living with CD 3. Since the early 1980s
research examining the potential association between CD and Johne’s disease (JD) in
cattle has been conducted due to many similar characteristics between the two diseases,
the latter is known to be caused by Mycobacterium avium subsp. paratuberculosis
(MAP) 10. More recently statistically significant association was reported based on the
meta-analysis (MA) of a set of selected case-control studies with statistically significant
heterogeneity across studies. MAP has also been investigated for a potential role in other
diseases including but not limited to: Diabetes mellitus type 1, Sarcoidosis and Blau
syndrome, but similarly to CD causation has not been demonstrated.
Expert views on the importance of exposure pathways indicate that better understanding
of various routes of human exposure to MAP might be a more relevant research question
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(figure 1) for policy and decision making. At the last meeting (February, 2011) of the
Health Canada Advisory Committee on MAP, various Canadian researchers have
indicated the relevance of conducting such a study. The exposure pathways identified in
figure 1 relate to exposure through foods, occupation, and environment, all of which have
been studied and/or identified by expert committees. To date none of these studies have
attempted to quantify the overall importance of these exposure pathways for policy and
decision makers nor have they employed synthesis research methodologies which have
the desirable characteristic of being updateable as more research becomes available.
Synthesis research methods are widely used to identify, critically appraise and summarize
or synthesise existing knowledge on a given topic (e.g. efficacy of an intervention) in a
standard, transparent and replicable way, Table 1. A scoping study is a relatively new
methodology, often referred to as evidence mapping. The main purpose is to identify,
evaluate, thematically characterise and summarise existing knowledge and identify
knowledge gaps on a broad topic or issue. The output of this project allows for a better
understanding of the overall quantity and strength of evidence underpinning focused
questions and where suitable evidence is available for SR-MA. Systematic review is
primarily utilised to answer a focused question, where a narrow range of studies of
appropriate design are assessed for risk of bias and information is extracted from them in
detail. Meta-analysis is a statistical method for combining the results from multiple
studies examining the same research question under similar conditions.

Stakeholder Committee and Research Team
The members of the stakeholder committee (SC) and our research team have expertise
and experience in microbiology, epidemiology, food safety, zoonotic public health,
human medicine, livestock and food production, synthesis research, knowledge
translation, and interactions with policy and decision makers. This work is part of Lisa
Waddell’s PhD work, and has been funded by the Public Health Agency of Canada and
as a component of a KTT grant awarded to Drs. Scott McEwen and Andrijana Rajić from
OMAFRA-University of Guelph.
The SC includes selected representatives from different government, academic and public
agencies or organizations responsible for or being consulted about the importance or
potential actions associated with the MAP issue. The stakeholder committee members
and other identified stakeholder representatives are listed in appendix A-1. The longer
list of stakeholders was developed by gathering expert lists from the Health Canada MAP
working group, participants from the annual MAP meeting, through contacting major
funding organizations e.g. Crohn’s and Colitis Foundation of Canada (CCFC) and
through asking for volunteers of individuals working on the MAP issue. This list was
collated and a balanced (human/animal, government/research), with the aim of having 610 individuals with diverse expertise on the MAP issue participate on the SC. In the event
that some will be unable to participate or the need to add additional members is
identified, we will approach others from the longer list to participate. Terms of reference,
A-2 and the invitation letter to the SC, A-3, are provided.
188

Communication with Stakeholder Committee
There are 3 conference calls planned for the stakeholder committee to provide specific
feedback. The goal of the first call is to introduce the research team and the SC to each
other and the project, the abbreviated protocol will be provided ahead of time as
background information and to get individuals thinking about the project. The aim of the
first call is (1) acceptance and modification suggestions from the SC on the protocol and
(2) on the scope of the study (the question). (3) We will also solicit suggestions for the
KTT plan, what types of outputs (style) and what specific question would they like the
KTT material to answer (specific issues identified by their organization/ lines of
argument). The second SC conference call will occur when the evidence from the ScR
has been compiled. Evidence maps will be provided to the SC prior to the 2nd call and the
goal of this call is to (1) prioritize SR-MA questions, discuss promising areas of research
and knowledge gaps (2) to solicit further suggestions for KTT (same as point 3 from the
1st call). At the 3rd SC conference call we will present the findings of the ScR-SR-MA
and (1) solicit further response to results in terms of promising areas of research, what the
knowledge gaps or deficiencies are and (2) how we should refine the KTT plan to meet
the needs of our stakeholders and provide useable summaries of the study findings. (3)
This call will also be used to debrief the stakeholder committee and ask them to evaluate
their role in the project. Further communication of project outputs will be by email
updates, unless there is general consensus by the SC for more follow-up, from the
principal investigator Lisa Waddell.

Summary of the Scoping Study Methodology.
Protocol Purpose and Methods
The research team has developed the protocol for implementing the scoping study
investigating various MAP exposure pathways for humans which will be followed by a
rigorous SR-MA, if applicable, see figure 2. This is the detailed version created as an
accurate account of the decisions and methods used in this scoping study and prioritised
SR-MA.
The scoping study protocol outlines the process, decisions and tools used to conduct the
study and produce the evidence map including the questions, definitions and exact search
strategy, the relevance screening and classification tools and procedures for developing
the evidence map and prioritization of SR-MA questions. Tools for conducting indepth
SR-MA will be finalized when the evidence maps are complete and SR questions have
been prioritized.
Study Question
A Scoping Review to Examine the Evidence Evaluating Pathways for Human Exposure
to Mycobacterium avium ssp. paratuberculosis
The scoping review will identify, evaluate and characterise publicly available primary
research, which is expected to include research on the following routes of exposure:
Does the research indicate that direct contact with ruminants or other domestic animals
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(e.g. by occupation) is a source of viable MAP for humans?
Does the research support that human food available in retail outlet or purchased for
human consumption is a source of viable MAP for humans?
Does the research support that water is a source of viable MAP for humans?
Based on the existing research what other exposure pathways (e.g. wild animals, soil etc.)
could be considered as a potential source of viable MAP for humans?
Human Food: refers to any type of food found in a retail outlet that may be purchased for
human consumptions e.g. pasteurized and unpasteurized dairy products, meat (red or
white), vegetables and fruits, baby formula.
Water: Water refers to drinking water (treated and well water), untreated water
(recreational water, rivers and lakes that humans could theoretically come in contact
with) and aerosolized water (water carried by wind as a potential exposure pathway).
Proposed search strategy
The search strategy will include 4 electronic bibliographic databases searched using pretested search algorithms from 1984- present and will be updated close to the end of the
project, appendix B-1. After pre-testing search terms, three algorithms of “CD and JD”
terms, “CD and milk” terms, “MAP or CD and food” terms will be implemented in each
database, see the pubmed algorithms in appendix B-1. Although more specific terms
were tested to refine the “CD and JD” terms algorithm, the difference in the number of
hits was less than 200, thus decided not to risk missing a citation with a more specific
algorithm. A bibliographic management database will be created in RefWorks
((Copyright 2015, ProQuest LLC) to manage the search results.
Search verification includes checking the reference lists of the four published SRs 20072009 and the five+ most recent literature reviews. Review articles will be identified
through relevance screening, and the reference lists of the most recent publications will
be evaluated for relevance and whether the citation was captured in the search, Appendix
B-2. Any potentially relevance citation not captured in the search will be screened for
relevance.
All potentially relevant articles will be obtained as an electronic file or ordered for a copy
of the original from the PHAC library or failing that, the University of Guelph library. A
list of articles that cannot be obtained will be populated and authors will be contacted for
a copy of the paper. Non-published studies (e.g. theses) will be cross referenced with the
ScR database and we will try to link the thesis to published papers. The same will be
done for conference proceedings, reports and other un-published literature. Authors will
be contacted for reports or conference abstracts where more information is required to
include the study.
Inclusion criteria and identifying relevant studies
There are no limitations based on study design at the search, relevance screening or
characterisation levels. However, studies conducted in vitro or under strict laboratory
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conditions will be excluded at the relevance screening level as that evidence does not
answer the questions in section 4.2. Primary research examining a potential human
exposure pathway to MAP, see figure 1, will be classified under one or more of the
questions from 4.2. The short relevance screening form will be pre-tested and modified
as necessary by the research team and implemented after reviewer agreement is kappa
>0.8, Appendix B-3. Two reviewers will independently use the relevance screening form
to screen out irrelevant studies and all conflicts will be resolved by the reviewing pair by
consensus.
Classifying the existing research
A study classification form, appendix B-4, will be applied to the full text of each study in
order to map out the main characteristics of primary research underpinning the various
exposure pathways identified in figure 1. Important characteristics such as exposure
pathway, study design, representativeness, outcome and sample type will be extracted
from each study. The body of research on these exposure pathways is largely
prevalence, longitudinal prevalence and cross-sectional studies. Experimental studies
such as randomised control trials and challenge trials of interventions may be identified
for retail products and possibly water, where there is a processing stage.
The utility of each study will be evaluated by identifying and excluding those that do not
have extractable or minimum sufficient data reported. For example prevalence data may
be the most observed outcome, for this we would need the numerator or proportion and
denominator to indicate that sufficient data is reported. Studies will also be excluded if
they do not have an appropriate control group based on the study design. Lastly, studies
that failed to isolate or identify MAP by culture, PCR or through an immune response
will be flagged as potentially not useful due to numerous issues with testing for MAP. It
is possible that the test, which is often designed by the testing laboratory, simply did not
work, thus these results would need to be interpreted with caution.
Based on the results of this characterisation level, an evidence map will be drawn to
indicate the quantity and utility of the research investigating each human exposure
pathway by study characteristics, population and outcome. An evidence map similar to
the example in Appendix B-5 will be created.

Proposed methods for MA
Groups of studies were there are two or more comparable outcomes will be analysed.
The main aim is to attempt to better understand the importance of the exposure pathway,
frequency and quantity of M. paratuberculosis exposure and the consistency of these
estimates across studies.
The data synthesis step involves cleaning and coding a dataset, and revisiting whether
there are enough studies for each outcome (minimum of 2) to conduct a meta-analysis
[1]. Briefly, meta-analysis is a statistical algorithm for combining the results of similar
studies with the same outcome using a weighted [2]. You may also conduct a sub-group
analysis if it is desired that summary estimates are divide by a moderator. A meta-meta
analysis may be conducted if there are multiple meta-analyses that are likely answering
the same question with the same outcome on the same scale, but with different methods
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(e.g. diagnostic tests), the summary statistics of these meta-analyses may be combined to
test if they are equivalent [1].
Meta-regression is used to investigate causes for heterogeneity by one or more
moderators, although extremely useful often more data is required to have sufficient
power than is available [2]. Heterogeneity is an examination of the degree to which
studies vary based on the assumption that all the studies are measuring the same true
effect and the variation is only due to within-study sampling error. The tests of
heterogeneity have low power, with the best measure being tau from a random effect
model followed by the Cochrane chi-square (Cochrane Q)= Q/df) and the I2 statistic.
For each type of study to be summarized a single outcome measure of effect e.g. odds
ratio, prevalence, mean difference in log cfu/cm2 should be chosen, usually this is
whatever measure this information is most published as, and all necessary data is
extracted both raw and summarized measures as available. In this study, most research
reports the prevalence of MAP as opposed to a quantitative measure of MAP in a sample
due to testing limitations, although this issue is being working on.
Review management
Each step of the review will be conducted by two independent reviewers using a webbased electronic review platform Distiller 6. All conflicts will be resolved among
reviewers by consensus. Lisa Waddell will be responsible for managing the project
within Distiller, assigning work and reporting on review progress and results. The
research team will meet frequently to discuss the study progress, evaluate tools, make
decision about the study conduct and evaluate the . Data generated through relevance
screening and the study characterization steps will be cleaned, coded and summarized by
exposure pathway, outcome and study design. The evidence maps will show the overall
amount, distribution, study designs, main research characteristics, including the overall
utility of the evidence, for each exposure pathway. The subsets of studies that are similar
will be meta-analysed.

Proposed study implementation plan, including communication
The study will be implemented between May 2011 and May 2012. The research team
will be responsible for gathering the SC, setting up conference calls (3-4) and providing
background material.
The SC calls will occur as described in section 3.1, the first of which occurs at the
beginning of the study. The lead investigator, Lisa Waddell will conduct the study,
develop interim and final study outputs for the research team and the SC and manage
communication with the SC as outlined throughout this protocol. At the end of the project
we will solicit the views of the SC members regarding their experience on the project and
any further communication with the SC will be in the form of project updates as the SC
will be given the opportunity to provide feedback on project outputs such as reports,
briefings and manuscripts prior to finalization.

Towards development of a risk profile
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This project will summarize the current evidence pertaining to how humans are exposed
to MAP globally and within the context of Canada. Based on the current evidence,
exposure pathways will be ranked by importance in terms of frequency of exposure and
quantity of MAP from each exposure pathway. And equally important knowledge gaps
will be clearly noted and their potential effect on the ranking of exposure routes will be
reviewed. An important feature of this project is that the meta-dataset of current
knowledge on human exposure pathways for MAP can be easily updated as new evidence
becomes available following this protocol. And with minimal effort the current findings
and recommendations could be updated and adjusted if necessary. The initial results and
any updates will populate KT products such as policy briefs and this information will be
shared with policy and decision makers for their use and ideally for their feedback to
improve the content of the KT outputs so they are tailored to our end user(s).
This scoping study complements our published systematic review evaluating the potential
association between MAP and Crohn’s disease in humans, which is currently under-going
an update to further investigate reporting pooled MA estimates in the presence of
statistically significant heterogeneity and the in investigation of that heterogeneity. In
addition to synthesis research, we are planning an expert survey to solicit views on MAP
as a public health issue. The resulting information will be used in support of informed
policy and decision making in zoonotic public health.
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Table 1: Compare and Contrast Research Synthesis Methodologies and Traditional
Literature Reviews
Methods

Scoping Study

Systematic
Review

Meta-Analysis

Literature
Review

Study Question

Broad topic.
Scope is clearly
defined in terms
of populations,
outcomes of
interest.

Content/
method experts
Explicit
specified and
documented
Relevance
criteria: I/E
criteria applied
uniformly. May
have >1 round of
screening.
Not a priority.
Some criteria
maybe used to
establish utility
of evidence.

Follows an SR,
represents a
group of
homogenous
studies (same
outcome,
comparable
conduct and
population)
Content/ method
experts
Results of SR

Often broad,
with no clearly
stated question.

Conduct

Specific topic.
Focused narrow
question with a
defined
population,
outcome and if
applicable
interventions or
risk factors etc.
Content/ method
experts
Explicit specified
and documented
Relevance
criteria: I/E
criteria applied
uniformly. May
have >1 round of
screening.
Rigorous
appraisal/ criteria
explicitly
reported/ usually
small number of
studies
Qualitative and
quantitative
synthesis
(meta-analysis)
Usually
evidence-based.
Evidence
weighting when
appropriate

Results of SR
Group of
homogenous
studies.

Usually NOT
specified /
biased

may investigate
appraisal results
from SR to
explain
heterogeneity

Can be
variable/ may
not be reported

Quantitative
synthesis of SR
results

Often
qualitative
summaries
reported
Sometimes
refers to the
evidence-base
supporting a
particular issue.

Data Sources/
Search
strategy
Identification
of Studies

Appraisal of
Studies

Synthesis

More qualitative
(evidence map)

Inference/
Conclusions

Evidence-based,
characterisation
of evidence and
knowledge gap
identification.

I/E – Inclusion and Exclusion
Adapted from [3, 4]
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Quantitative
summary
measure of effect
from a
homogeneous
group of studies.

Content experts
Typically not
provided
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Appendix
A-1 Stakeholder committee list
PERSON
GOVERNMENT
Dr. Jeff Farber or Biljana
Mihajlovic
Stephanie McFadyen

Wassim El-Khoury

Dr. Ann Godkin

Dr. Ed Empringham
Titus Tao, Policy Analyst

RESEARCHERS
Dr. Herman Barkema

Dr. Marcel Behr

EMPLOYER/ PERSPECTIVE

SURVEY

Bureaux of Microbial Hazards,
Health Canada. Food safety
policy
Head, Microbiological assessment
Section, Water Quality and
Microbiology Division, Health
Canada
Canadian Food Inspection
Agency, National Manager,
Dairy, Egg, and Honey Section
OMAFRA, Veterinary Science
and Policy - MAP and how it
affects industry from a provincial
point of view.
Canadian animal Health coalition

Y- B

Laurent Gémar
Manager Science Policy Interface,
Science Policy Directorate, SPB

Y

University of Calgary, many
research projects RE MAP. The
Alberta Johne’s Disease Initiative
McGill University, Molecular
Epidemiology of Infectious
Diseases- Mycobacterium special
interest
http://molepi.mcgill.ca/

N

PUBLIC REPRESENTATION
CEO, CCFC
Dr. Kevin Glasgow
And /Or Rohini Soni

N

Y

Y

Y

N

Y
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Understanding the Composition of the Stakeholder Committee
The primary goal of the SC is to represent the views of MAP experts from a diverse
background across Canada on MAP as a potential public health issue and specifically on
how humans may be exposed to MAP.
In order to have sufficient diversity government researchers, policy and decision makers
were identified in across a number of agencies primarily at the Canadian federal level
given the aim of the SC was only to have 6-10 members. Similar lists were compiled for
researchers across Canada and for agricultural or public interest organisations. Each SC
candidate was classified by organization and area of expertise (eg. animal, human,
environmental, combinations). Within each category we selected one representative to
invite to the SC, the list of the remaining individuals was kept on reserve in the event we
needed to add or replace members of the SC.

A-2 Terms of Reference for the Stakeholder Committee
The primary role of the SC is to represent the views of their organisation and their views
as a topic expert on the MAP issue. In order to facilitate the discussions and complete the
objectives of each conference call we would like each participant to actively learn about
the study objectives, methods and results of the synthesis from documents provided to
them by the research team prior to the meetings. We encourage our SC members to
discuss their views and comments within their organisation to have the most
comprehensive feedback possible.
The SC is scheduled to be engaged 3 times during the project by conference call and/or
email. Feedback is welcomed during the conference call or via email to the principle
investigator, Lisa Waddell. Any additional meetings and communication will be at the
discretion of the principal investigator in discussion with the SC.
The Stakeholder Committee members will:
- Actively learning about the study objectives, methods, and results of the synthesis
project.
- Provide feedback by email and teleconferences as appropriate about the scope of
the scoping review, how components of the review would be useful to you, which
questions should be prioritized for in depth SR-MA.
- Provide feedback by email and teleconference as appropriate with ideas for
translating the study findings into information packages that are useful to your
organization. (Knowledge Translation Plan)
- Share your knowledge about this project with your group, collaborators and
organization.
- Provide feedback about your experience on this project.
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A-3 Stakeholder Invitation
RE: Invitation to participate in a Stakeholder committee for a scoping study on the evaluation of
human exposure pathways for Mycobacterium avium ssp. paratuberculosis (MAP)
Dear ______________,
We invite you to participate as a stakeholder in our collaborative research project conducted
between the Public Health Agency of Canada and the University of Guelph. We are using
knowledge synthesis methodologies and engagement of a stakeholder committee to develop
evidence-based summaries of the importance of human exposure pathways to Mycobacterium
avium ssp. paratuberculosis (MAP) for Canada.
The purpose of engaging a committee of potential end-users is to ensure that relevant questions
are identified and answered through the proposed approach and that a clear and effective
knowledge translation and transfer (KTT) plan is developed and implemented to inform relevant
stakeholders in a timely manner. We have identified you as an expert on at least one aspect of the
MAP issue and believe that your input as an issue expert and on behalf of your organisation
would greatly enhance this project.
It is anticipated that stakeholder committee members will:
- Meet with our research team 3-4 times via conference calls over the next 12 months to
discuss and refine the study objectives, scope and methods and results.
- Discuss evidence maps for various human exposure pathways for MAP, which will be
presented by the research team.
- Contribute to developing criteria for and the prioritization of specific questions for systematic
review and meta-analysis
- Contribute to the development and implementation of a KTT plan.
To make this a mutually beneficial exercise the research team will provide short, concise
documents prior to conference calls to get the committee oriented to the project and discussion
points for each call. Stakeholders will be encouraged to provide as much feedback and discussion
as they wish during the call or via email.
The stakeholder committee will be kept informed about the products of this research and will be
acknowledged in publications and presentations.
Should any questions arise about the project please let me know.
We hope you are able to offer your expertise
Please confirm your participation in the SC by ________ and at your earliest convenience
complete the short stakeholder background information questionnaire.
Sincerely,

Lisa Waddell on behalf of the research team:
Dr. Scott Mc Ewen, Dr. Andrijana Rajić and Dr. Katharina Stärk

198

Contact information:
Lisa Waddell MSc, BSc.
PhD candidate/ Population Medicine
Epidemiologist
Science to Policy Division
Laboratory for Foodborne Zoonoses
Public Health Agency of Canada
160 Research Lane, Unit 206
Guelph, Ontario N1G 5B2
Phone: 519-826-2347
Fax: 519-826-2367
E-mail: lisa_waddell@phac-aspc.gc.ca

Stakeholder background information:
Please complete and return to Lisa Waddell prior to the first conference call. Thank you!
1. Please list and describe, if applicable, the organisation(s) you work for e.g. government,
university:
2. Do you consider yourself a researcher, policy analyst, decision-maker, or some
combination? (please specify):
3. Are you currently involved in a MAP related project? (please provide a sentence or so on
your current involvement):

4. What aspect(s) of the issue would you consider yourself an expert in? (human, animal,
environment, zoonotic potential, other)

5. Is your organisation interested in whether MAP is a public health issue? (Please provide a
few sentences about what interests or questions may be most important to your
organisation.)

6. Can you identify some of the evidence-based information needs of your organisation on
this issue?

* If applicable e.g. for university researchers, you may substitute key stakeholder interests for your organisation.
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B-1 Search Strategy
Four bibliographic databases searched Feb/Mar 2011, Sept 21_2011 and Sept 17, 2013 : PubMed, Scopus, CAB and
Current Contents
Database
Search String
Limits
Pubmed
((johne disease) OR (Johne’s disease) OR (johne* disease) OR paratuberculosis OR (mycobacterium
1984Feb 25,
paratuberculosis) Or (mycobacteria AND crohn*)) AND ((crohn* disease) OR (crohn disease) OR
presen
2011
(Crohn’s disease) OR (inflammatory bowel disease) OR (inflammatory bowel diseases) OR diabetes
t
Updated
OR sarcoidosis OR lymphadenitis OR immunocompromis* OR (AIDS) OR (Blau syndrome))
Sept 21,
((paratuberculosis) OR (crohn* disease) OR (crohn disease) OR (Crohn’s disease) OR (inflammatory
20052011
bowel disease) OR (inflammatory bowel diseases)) AND (milk or dairy)
presen
Sept 17,
t
2013
(paratuberculosis OR (crohn* disease) OR (crohn disease) OR (Crohn’s disease) OR (inflammatory
1984Sept 26,
bowel disease) OR (inflammatory bowel diseases)) AND (yogurt or cheese* OR (meat OR (beef and
presen
2014
(carcass* OR ground or cut) )))
t
(paratuberculosis OR Johne OR Johne’s OR Johne’s ) AND (crohn OR Crohn’s OR crohn* OR krohn 1984OR krohn’s OR krohn*) AND (meat OR beef OR carcass* OR water OR food OR air OR aerosol OR presen
soil OR environment* OR (risk factor) OR exposure OR genetic*)
t
paratuberculosis and ( wildlife or wild or captive)
1984presen
t
Scopus(TITLE-ABS-KEY(johne OR Johne’s OR johne* OR paratuberculosis Or (mycobacteria AND
1984Health
Crohn*)) AND TITLE-ABS-KEY(crohn OR Crohn’s OR crohn* OR {inflammatory bowel disease}
presen
Canada
OR {inflammatory bowel diseases} OR diabetes OR sarcoidosis OR lymphadenitis OR
t
Library,
immunocompromis* OR aids OR {Blau syndrome}) AND PUBYEAR AFT 1983
Feb 25,
(TITLE-ABS-KEY(paratuberculosis OR crohn OR crohn OR Crohn’s OR {inflammatory bowel
20052011
disease} OR {inflammatory bowel diseases}) AND TITLE-ABS-KEY(milk OR dairy))
presen
Note: title,
t
abstract or
(TITLE-ABS-KEY(paratuberculosis OR crohn OR Crohn’s OR crohn*) AND TITLE-ABS1984keywords
KEY(yogurt or cheese* OR (meat OR (beef and (carcass* OR ground or cut)))) AND PUBYEAR
presen
search
AFT 1983
t
Updated
(TITLE-ABS-KEY(paratuberculosis OR Johne OR Johne’s OR Johne’s ) AND (crohn OR Crohn’s
1984200

hits
952
43
114
685
55
144
160
12
27
331
175
1081
76
148
584
83
178
101
12
23

Sept 21,
2011
Sept 17,
2013

OR crohn* OR krohn OR krohn’s OR krohn*) AND (meat OR beef OR carcass* OR water OR food
OR air OR aerosol OR soil OR environment* OR (risk factor) OR exposure OR genetic*)) AND
PUBYEAR AFT 1983

presen
t

CAB Health
Canada
Library
Feb 28,
2011. Note
thesaurus
search only.
Updated
Sept 21,
2011
September
19, 2013
Note:
articles
found using
Basic
Search;
Current
Contents via
Web of
Science,
University
of Guelph
Mar 1,
2011.
Updated

paratuberculosis AND "Crohn’s disease" OR "inflammatory bowel diseases" OR diabetes OR sarcoid
OR lymphadenitis OR AIDS OR "immunocompromised host" OR "immunocompromised hosts"

1984presen
t
2005presen
t
1984 presen
t
1984presen
t
1984presen
t

263
36
51
314
38
51
345
19
51

1998presen
t

682
87
229

2005presen
t

594
75
262

paratuberculosis OR "Crohn’s disease" OR "Mycobacterium avium paratuberculosis" OR
"inflammatory bowel diseases" AND "dairy products" OR milk OR "milk products" OR yogurt OR
cheese (limits 2005-2011)
paratuberculosis OR "Mycobacterium avium subsp. paratuberculosis" OR "Crohn’s disease" AND
yogurt OR cheeses OR "animal products" OR "ground beef" OR "risk factors" OR water
paratuberculosis OR "Mycobacterium avium paratuberculosis" AND "Crohn’s disease" AND ( “meat”
OR “beef “ OR “carcass” OR “water” OR “food” OR “air” OR “aerosol” OR “soil” OR
“environment” OR “risk factor” OR “exposure” OR “genetic”)
paratuberculosis OR "Mycobacterium avium paratuberculosis" AND “wildlife”

Topic=("johne disease" Or "johnes disease" or johne* OR paratuberculosis OR (mycobacteria AND
Crohn*)) AND Topic=(crohn* OR "crohn disease" OR "Crohn’s disease" OR "inflammatory bowel
disease" OR "inflammatory bowel diseases" OR diabetes OR sarcoidosis OR lymphandenitis OR
immunocompromis* OR AIDS OR "Blau syndrome")
Timespan=All Years. Databases=ABES, SBS, CM, LS, PCES, ECT, AH.
Topic=(paratuberculosis OR crohn* OR "crohn disease" OR "Crohn’s disease" OR "inflammatory
bowel disease" OR "inflammatory bowel diseases") AND Topic=(milk or dairy or yogurt or cheese)
Refined by: Document Type=( ARTICLE ), Timespan=2005-2011. Databases=ABES, SBS, CM, LS,
PCES, ECT, AH.
201

116

221
98

Sept 21,
2011
Note:
‘topic’
search.
Updated
Sept 19,
2013
Note:
articles
from 20112013

Topic=(paratuberculosis OR "crohn disease" or "Crohn’s disease" OR crohn* OR "inflammatory
bowel disease" or "inflammatory bowel diseases") AND Topic=(yogurt or cheese* or (meat or (beef
and (carcass* or ground or cut)))) Refined by: Document Type=( ARTICLE )
Topic=(paratuberculosis OR Johne OR Johne’s OR Johne’s ) AND (crohn OR Crohn’s OR crohn* OR
krohn OR krohn’s OR krohn*) AND (meat OR beef OR carcass* OR water OR food OR air OR
aerosol OR soil OR environment* OR (risk factor) OR exposure OR genetic*))Refined by: Document
Type=( ARTICLE )
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1998presen
t
1998presen
t

97
#
39
127

B-2 – Search Verification Strategy- 38 references added to the ScR and 3 were
included in the review.
Citation Information:
Five Systematic Reviews published between 2007-2009
Abubakar, I.; Myhill, D.; Aliyu, S. H., and Hunter, P. R. Detection of Mycobacterium avium
subspecies paratuberculosis from patients with Crohn’s disease using nucleic acid-based
techniques: a systematic review and meta-analysis. Inflamm Bowel Dis. 2008 Mar; 14(3):401-10
Eltholth, M. M.; Marsh, V. R.; Van Winden, S., and Guitian, F. J. Contamination of food products
with Mycobacterium avium paratuberculosis: a systematic review. J Appl Microbiol. 2009 Oct;
107(4):1061-71.
Feller, M.; Huwiler, K.; Stephan, R.; Altpeter, E.; Shang, A.; Furrer, H.; Pfyffer, G. E.; Jemmi, T.;
Baumgartner, A., and Egger, M. Mycobacterium avium subspecies paratuberculosis and Crohn’s
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B-3 Relevance Tool for Screening Abstracts
Relevance Tool for Screening Abstracts
Question
Does the abstract investigate one or more pathways1
for human exposure to Mycobacterium avium
ssp. paratuberculosis (MAP)? For examples, see

below, this includes association2 of risk factor3 to
human disease, survival/ prevalence4/ concentration in
human food or the environment e.g. soil, within the
farm environment, in water, runoff contamination (see
exposure diagram) and intervention efficacy to
decrease MAP exposure from the studied source.

Answer
Yes
No, i) MAP and CD
No, ii) MAP in domestic
ruminants
No, ii) MAP in other
animals
No, not relevant

I/E*
I
E
E
E

No, but
i) The abstract investigates the association2 between
MAP or Johne’s disease and Crohn’s disease or
other human disease5.
OR
ii) The abstract investigates MAP or Johne’s disease in
domestic ruminants6 or other animals7.
(prevalence, clinical, intervention to reduce disease
studies that do not investigate exposure to humans)

OR
No, this abstract is not relevant
What type of publication is this?
(If you can’t tell whether it is primary or not, check primary and
the paper will be examined at the next level for type of
publication.)

Primary research8 in
English, French or
Spanish
Primary research8 NOT
in English, French or
Spanish
Monitoring / surveillance
type report9
Review narrative or
systematic10
Hypothesis paper/
commentary11
Predictive model, risk
assessment, economic
assessment12

I
I
I
E
E
E

* Inclusion, Exclusion or Neutral

---------------------------------------------------------------------------------------------------------Reviewer Decision
The article will progress if two reviewers agree to answer Yes to Q1, selects an option from the
first 3 categories of Q2 AND selects one of 1st, 3rd, or 4th option of Q3.
Definitions:
1 Pathways: see exposure pathway figure, e.g. milk, dairy, meat, produce, baby formula, water,
wildlife, direct contact, environment: soil, farm, run-off, catchments area
2 Association: Observational studies looking at whether certain exposures or risk factors are related
to disease status. (e.g. cross-sectional survey of CD and milk consumption, case-control studies of
the presence of MAP from CD patients vs controls.)
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3
4
5
6
7
8
9
10
11

12
13

Risk Factor: is an attribute or exposure that if present may indicate an individual has a higher risk
of having / developing the disease/ condition of interest. (e.g. being a dairy farmer (risk factor)
may lead to higher risk of developing CD due to continuous exposure to MAP via occupation)
Prevalence: any study that reports frequency, occurrence, distribution or presence of MAP from
naturally contaminated samples (ie: This is not an experiment and samples were not inoculated.)
Other human disease: including, but not limited to diabetes, sarcoidosis, AIDS, Blau Syndrome,
immunocompromised individuals.
Domestic Ruminants: these include cattle, sheep, goats, bison, deer etc. that are being raised in
an agriculture setting (ie: some kind of farm)
Other animals: any other animal that has been studied for the presence of MAP and may include
animals kept in the zoo, wild animals (rabbits) and other non-ruminant domestic animals (e.g.
dog).
Primary research: any experiments or planned investigation that is carried out to generate new
data and information.
Monitoring / Surveillance reports: These are typically government reports describing the data
collected routinely. These are usually published by the organisation and have not undergone a
peer-reviewed process.
Reviews: This category includes traditional literature reviews, scoping studies, systematic reviews
and meta-analyses or any other type of literature review.
Hypothesis paper / commentary: These papers aim to present new hypothesis for future
investigation (ie: no data collection) or are brief discussion by experts (often identified as a
commentary or letter) of the current knowledge without the goal of having supporting references
or approaching the discussion objectively.
Predictive model: These papers describe models that were developed to predict possible futures
for a particular question. Risk Assessment: models a system to predict risk of exposure/ illness.
Economic Assessment: Evaluates cost of a program or illness etc.
Field conditions: The experiment was conducted under conditions that are the same as would be
expected in a commercial setting e.g. milk pasteurization or ripening of cheese.

Examples of Included Studies:
Exposure pathway examples (option YES):
- prevalence / concentration of MAP in food intended for human consumption; milk (raw,
pasteurised), cheese, yogurt, other dairy products, baby formula, breast milk, meat (all including beef
and poultry), seafood, fruits, vegetables
- Prevalence/ concentration of MAP in treated water (ie: drinkable) that humans would consume, in
untreated water (lakes, rivers etc. thus recreational/ occupational exposure), environmental exposure
(soil, farm area, runoff etc., thus recreational / occupational exposure is plausible), direct contact with
animals (this would be limited to studies that examine/propose human exposure to MAP through direct
contact, all others would go under “No, ii”)
- Cross-sectional surveys looking at the association of disease status (CD) vs. one or more exposure
pathways (e.g. direct contact with ruminants, consumption of milk etc.)
- Molecular Epidemiology studies: Examine similarities between MAP isolates to determine their
likely source.
- Case studies: reports of human illness due to MAP exposure.
- Experiments investigating an intervention to decrease MAP in food, water, the environment
conducted under field conditions13 (it is ok if the samples were inoculated, we will classify them at
level 2) (ie: through any of the exposure pathways). Experiments examining MAP survival under
various conditions (e.g. in the environment).
Association of MAP and human disease (option NO, i):
- Case control studies that examine the association between MAP isolation (or reaction to MAP) in
humans and disease status.
- Cross-sectional studies looking at hypothesized risk factors (other than exposure pathways for MAP)
and human disease. Note: if you can check “Yes” for Q1 then you do not need to worry about No i)
option.
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-

Case studies of MAP isolated and hypothesized to be responsible for disease in humans.

Investigation of MAP in animals (option NO, ii MAP in domestic ruminants OR other animals)
- Prevalence or concentration of MAP in domestic ruminant6 or other animals7, please choose
appropriate option!
- Pathology/ clinical outcomes of Johnes disease in domestic ruminant6 or other animals7
Not relevant studies (option NO, not relevant)
- Predictive models12 of JD or MAP in animals.
- Diagnostic test accuracy for animals or testing and control studies for Johne’s disease.
- Experiments investigating an intervention to decrease MAP in food, water, the environment conducted
under strict laboratory conditions and the results should not be extrapolated as representative of field
conditions13. (ie: through any of the exposure pathways).
- Studies that did not qualify under “YES, NO i) or NO ii)” as they do not investigate MAP, or risk
factors for MAP exposure or an association with MAP or JD and human disease
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B-4 Level II: Characterization and Utility Assessment of Relevant
Research
Level II: Characterization and Utility Assessment of Relevant Research
Question
Answers
Response Opts.

Study Exclus
Design ion
Bold indicates the question has exclusion criteria. If you select exclusion criteria stop evaluating
the paper and submit the form. Relevant papers must have the form answered in its entirety.
Relevance Confirmation
1. Is this primary research
in ENGLISH, FRENCH
or SPANISH?

□ Primary research8
□ Primary research8
NOT accepted
language
□ Monitoring /
surveillance type
report9
□ Review narrative or
systematic10
□ Hypothesis paper/
commentary11
□ Predictive model12
□ Other: ________

2. Check all that apply:
What exposure pathway is
investigated?
□ Domestic cattle
Potential of human
(includes individual
exposure to MAP through
teat milk sample)
direct contact to animals.
____
□ Domestic sheep ____
□ Other Domestic
Animal _________
□ Captive animal (eg.
Zoo animal) _______
□ Wild animal: ______

Food meant for human
consumption as a source
of human exposure to
MAP?

□
□
□
□
□
□
□
□
□
□
□
□
□

Articles that can not be obtained
in English, French, or Spanish
will likely need to be excluded
from the review due to a lack of
funding for translation.

Relevant studies include (but
not limited to):
- Studies of occupation e.g.
farming,
- Molecular epi studies (what
comparison species?),
- Association studies relating
disease in humans to exposure
to animals (e.g. surveys/ case
reports)

- Studies of prevalence/
Bulk tank milk
concentration of MAP in food
Raw Milk
- Interventions to decrease MAP
Pasteurized Milk
in food
Raw milk Cheese
- Association studies relating
____
disease in humans to certain
Past. milk cheese
foods (e.g. surveys/ case
____
reports)
Yoghurt
Other dairy ____
Meat ___ _
Seafood____
Fruit/vegetables ____
Baby formula
Breast milk
Other: ________
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All

N

All

Y

Water as a source of human
exposure to MAP?

Other environmental
sources of human
exposure to MAP?

□ Treated drinking
water
□ Well drinking water
□ Untreated water
(lake/river)
□ Aerosolized water
(due to wind)

- Studies of prevalence/
concentration of MAP in water
- Interventions to decrease MAP
in water
- Association studies relating
disease in humans to certain
foods (e.g. surveys/ case
reports)

□ Soil ________
□ Manure ________
□ Farm environment
________
□ Other:_________

- Studies of prevalence/
concentration of MAP in the
environment.
- Association studies relating
disease in humans to
environmental exposure due to
occupation or recreation. (e.g.
surveys/ case reports)

□ N-exclusion
This article does NOT
address an exposure
pathway.
Characterisation of Relevant Research
1. Case-control study
3. What study design was
2. Prevalence survey
used?

If no exposure pathway is
examined in the study select no
and submit the form.

1. Case control study: Study
sample is selected based on
3. Challenge trial
disease status and those
4. Cross-sectional study
diseased and not diseased are
5. controlled trial
compared with respect to the
6. Cohort study
presence of a hypothesized risk
7. longitudinal
factor (exposure).
prevalence survey
2. Prevalence survey measures
8. Quasi-experimental
outcome only (prevalence and
trial
distribution MAP) at a single
9. Case report or casepoint in time.
series
3. Challenge trial: Planned
10. Other (please
experiment where subjects are
artificially challenged or
specify) ______
exposed to MAP.
4. Cross-sectional study is done
at a single point in time to
investigate the prevalence and
distribution of a disease and
hypothesized risk factors.
5. Controlled trial: Planned
experiment with natural disease
exposure (may or may not be
randomised)
6. Cohort is a group of exposed
and unexposed that are selected
and observed for development
of the outcome (disease).
7. Longitudinal Prevalence
survey measures prevalence at
multiple points in time on the
same population.
8. Quasi-Experiment, before and
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All

N

4. Location of sampling,
select continent and
specify country/ region/
area.

□
□
□
□
□
□

N. Amer :________
S. Amer:______
Europe: :_________
Asia :_________
Australia: :_______
Other: :_________

after trial, includes prevalence
measures at multiple points in a
process.
9. Case Report: is a clinical
description of an single case or
account of an illness.
North America: Canada, USA
South America/ Caribbean:
Mexico, Caribbean, and all of
south America.
Europe: includes, Belarus,
Latvia, Ukraine, Estonia, Cyprus
& west (inc. Iceland and
Greenland)
Asia: Russia, Turkey, middle
eastern countries and east
Australia: includes New
Zealand and islands Papua New
Guinea & south.
Other: Africa and Antarctica

5. From where did the samples in this study
originate from?
Animal Samples

□ Live animal (farm/
zoo/ wild)
□ Tissue/sample
library
□ Tissue/ organs/ etc.
from a carcass

Live animal includes any
samples e.g. fecal, blood that
would have been obtained from
a living animal.
Tissue / sample library indicates
the sampling frame was from a
storage
Tissue/ organs etc from a carcass

Food Samples

□ farm
□ Processing facility
□ Retail outlet

Farm includes bulk tank milk
Processing: includes
pasteurization plants, cheese
factories etc.
Retail outlet: Anywhere the
general public can purchase a
product.

Human Samples

□ Tissue/sample
library
□ Human patients in a
hospital / clinic
□ Human patients
from a database.
□ Random selection of
whole population.

Tissue or sample library:
samples from any species stored
as part of a collection.
Human patients (secondary
base sampling)
General population (primary
base sampling)

Environmental Samples

□ Water samples
□ Soil/manure samples

Water include water (all types
including treated),
Soil/ manure includes most
environmental samples

Other

Other: :_________
□ Fecal
□ Biopsy
□ Other tissue

6. If animal samples,
describe the sample.
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All

N

All

N

All

N

7. If this is a food sample, is
the food ready for human
consumption without
further preparation /
cooking?
8. If human samples,
indicate the populations
sampled. (check all that
apply)

9. If human samples, was
only a sub-group of the
population sampled?
(specify)
10. If human samples, what
type of sample was
collected?

□ Organs
□ Other: :_________
□ Yes could be eaten
raw
□ No, requires cooking
□ No, comes frozen,
thus requires
processing
□ NA
□ Apparently healthy
□ CD patients
□ UC patients
□ “IBD patients” not
specified
□ Diabetes patients
□ Cancer patients
□ nIBD patients
□ Other: :_________
□ NA (no human
samples)
□ Yes, _________
□ No
□ NA (no human
samples)
□
□
□
□
□
□

Questionnaire
Biopsy tissue
Resection tissue
Blood
Fecal
Other: ________

11. What category of
laboratory methods was
used to detect MAP?

□ Detection of the
organism’s presence
□ Detection of an
immune reaction
□ NA- survey, no
MAP testing in
study.

12. What specific methods
were used as part of the
lab protocol?

□ Culture _____
□ Culture with PCR
confirmation _____
□ PCR _____
□ ISH _____
□ ELISA _____
□ Immunoassay _____
□ Other ________
□ NA no MAP
isolation
□ < 10
□ 11-25
□ 26-50

13. What was the total
sample size (all samples
combined)
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Yes, the food is ready for human
consumption
No, the food requires further
cooking prior to consumption
e.g. ground meat.
NA No food was sampled.

All

N

Apparently healthy
Crohn’s disease
Ulcerative colitis
Inflammatory Bowel Disease
(not separated into CD and UC.)
Diabetes
Cancer
Non-Inflammatory Bowel
Specify if Other.

All

N

e.g. immunocompromised, only
a narrow age range such as
children.

All

N

All

N

ALL

N

All

N

Questionnaire indicates that
each observation is only
represented by written answers
to questions; no physical
samples were collected and
tested.
Other samples are physical
samples that would have been
obtained from a person.
Detection of the organism is
achieved by culture, PCR, ISH.
Detection of an immune
reaction, serology, includes
immunoassays (ELISA) and
cytokine and lymphocyte assays.
Not what was used to confirm
MAP.
PCR – polymerase chain
reaction
ISH – insitu hybridization
ELISA- Enzyme-linked
immunosorbent assay
For each highlight the
type/target and product of the lab
method used. E.g. IS900 PCR
[p91, p90], 236bp.
Add up all samples & check off
the category that the total N is
appropriate for.
e.g. sum of case and control

□ 51-100
□ 100+

14. Is raw/ unadjusted
data or measures of
association/effect
provided?

□ N ____
□ Y ____
□ NA (only adjusted
results presented.)

15. Were adjusted
measures of association /
effect and measures of
variability presented?

□ N ____
□ Y ____
□ NA (No
multivariable model
was used.)

16. If the study tested for
MAP, was at least 1 isolate
or positive reaction for
MAP obtained in the study?

□ Yes
□ No
□ NA
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samples if applicable
e.g. if a case report, the answer is
<10.
No, please specify what results
are included.
a. No raw results reported
b. median
c. p-value
d. denominator (n)
e. numerator ( # +ve)
f. Data in graphical format
g. other _________
Yes, measures of
association/effect unadjusted
by statistical modelling are
provided as specified:
a. Prevalence/frequency/2x2: the
numerator AND denominator
OR the proportion and
EITHER the numerator of
denominator is specified for
each group.
b. Concentration data in its
original measured value (e.g.
mean) AND a measure of
variation (SD, SE, 95%CI or pvalue) sample size (n).
c. Measure of association,
OR/RR/IR/RD/PAF/AFe AND
measure of variability (SE, SD,
CI) OR p-value AND sample
size.
No, specify
a. Were not provided
b. Were not presented in an
extractable format.
c. Included measure of
association/ effect, but no
measure of variability was
presented.
Yes, results of the multivariable
model are presented for at least
outcome of interest
(prevalence, risk factor,
intervention etc.)
a. adjusted parameter estimate
(OR, MD) AND
b. measure of variability (SE, SD
etc) or p-value AND
c. Sample size
Y. At least 1 MAP positive
result.
N. There was no MAP positive
sample. (These results are
difficult because we do not

All

Y,
exclude
if the
answer
to Q14
and
Q15 are
both
NO (ie:
no
extracta
ble
data)

All

Y,
exclude
if the
answer
to Q14
and
Q15 are
both
NO (ie:
no
extracta
ble
data)

All

N

17. Was an appropriate
control group used?

□ Y (page #)
□ Y-historical
controls* (page #)
□ N
□ NA (survey,
crossectional or case
report.)

18. Was the intervention
protocol described in
sufficient detail to allow
reproduction of the
experiment?

□ Y (page #)
□ N (page #)
□ Referenced (page

19. Was the challenge or
sample inoculation protocol
sufficiently described to
allow reproduction of the
experiment?

□
□
□
□

20 Describe and extract the

Text:

#)

□ NA

Y (page #)
N (page #)
Referenced (page #)
NA

know if there was no MAP or
if the test failed to detect the
MAP. So I would like to
identify how many studies fall
into this category right away!)
NA. This study did not test for
MAP.
Appropriate control group:
1. Case control study: Controls
are drawn from the same
sampling frame (population)
and are measured in the same
timeframe as the treated group.
2. Challenge trial: Planned
experiment where subjects are
artificially challenged or
exposed to MAP.
4 Controlled trial: Controls are
drawn from the same sampling
frame and are measured in the
same timeframe as the treated
group.
6. Cohort, The controls were
concurrent and from the
population of interest with a
representative proportion of
exposed and non-exposed
people.
7 Quasi-Experiment, The study
uses the same samples as its
own control from
measurements at an earlier
point in time.
*Historical controls are possibly
appropriate for controlled trials,
challenge trials, Quasiexperiments and cohorts.
Yes: minimum information
- intervention used
- how it was applied
- Dosage duration/
frequency of treatment.
No: information missing
Referenced: protocol in another
paper.
NA: no intervention
Yes: minimum criteria
- challenge organism
- inoculation method
- concentration and
frequency of inoculation
No: information missing
Referenced: protocol in another
paper.
NA: no challenge

All

Y

CT,
ChT,
QE,
Cohort

N

ChT

N

All
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available data in this paper:
Prevalence, concentration
within a potential source or
risk factor (odds ratios)
linking human
infection/disease with M.
paratuberculosis exposure
or other relevant outcomes.
Additional Comments if the
reviewer believes the paper
should be flagged for some
reason.

N
All

Text.
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N

Nii Articles about the prevalence of MAP in animals.
Relevance Q
Nii: Relevance Check
Question
Answers

Study Excl
Design usi
on
Bold indicates the question has exclusion criteria. If you select exclusion criteria stop evaluating
the paper and submit the form. Relevant papers must have the form answered in its entirety.
Relevance Confirmation
□
1. Which of the
following categories
□
does this study
examine?
(Studies should only
fit into one
□
category.)
□
□
□
□
□
□
□
□

This study reports prevalence or an
index case in a population.
This is a molecular epidemiology
study examining the zoonotic
potential or conservation of MAP
within or across species in a target
area. (not a random library)
This study is evaluating the Sn/Sp of
common diagnostic tests
This study describes a new
diagnostic test and is not relevant.
This study is focused on risk factors
for JD spread/resistance within a
farm and is not relevant.
Not relevant, random library,
molecular epi paper.
Evaluation of mitigation strategies
against JD on farm.
Review narrative or systematic10
Hypothesis paper/ commentary11
Predictive model12
Other: ________

Response Opts.

Articles that can not be
obtained in English,
French, or Spanish will
likely need to be excluded
from the review due to a
lack of funding for
translation.

All

Y

Classification Tool
Level II: nii Characterization and Utility Assessment of Relevant Research
Question
Answers
Response Opts.

Study
Exclu
Design
sion
Bold indicates the question has exclusion criteria. If you select exclusion criteria stop evaluating
the paper and submit the form. Relevant papers must have the form answered in its entirety.
Relevance Confirmation
1. Is this primary research
in ENGLISH, FRENCH
or SPANISH?

□ Primary research8
□ Primary research8
NOT accepted
language
□ Monitoring /
surveillance type
report9
□ Review narrative or
systematic10
□ Hypothesis paper/
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Articles that can not be obtained
in English, French, or Spanish
will likely need to be excluded
from the review due to a lack of
funding for translation.

All

N

commentary11
□ Predictive model12
□ Other: ________

2. Check all that apply:
What species was
sampled?

All

Y

All

N

□ Domestic cattle
(includes individual
teat milk sample)
____
□ Domestic sheep ____
□ Domestic deer ____
□ Other Domestic
Animal _________
□ Captive animal (eg.
Zoo animal) _______
□ Wild animal: ______

□ N-exclusion
This article does NOT
address the prevalence
of MAP in animals or
testing for it.
Characterisation of Relevant Research
1. Case-control study
3. What study design was
2. Prevalence survey
used?

If no exposure pathway is
examined in the study select no
and submit the form.

1. Case control study: Study
sample is selected based on
3. Challenge trial
disease status and those
4. Cross-sectional study
diseased and not diseased are
5. controlled trial
compared with respect to the
6. Cohort study
presence of a hypothesized risk
7. longitudinal
factor (exposure).
prevalence survey
2. Prevalence survey measures
8. Quasi-experimental
outcome only (prevalence and
trial
distribution MAP) at a single
9. Case report or casepoint in time.
series
3. Challenge trial: Planned
10. Other (please
experiment where subjects are
artificially challenged or
specify) ______
exposed to MAP.
4. Cross-sectional study is done
at a single point in time to
investigate the prevalence and
distribution of a disease and
hypothesized risk factors.
5. Controlled trial: Planned
experiment with natural disease
exposure (may or may not be
randomised)
6. Cohort is a group of exposed
and unexposed that are selected
and observed for development
of the outcome (disease).
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4. Location of sampling,
select continent and
specify country/ region/
area.

□
□
□
□
□
□

N. Amer :________
S. Amer:______
Europe: :_________
Asia :_________
Australia: :_______
Other: :_________

7. Longitudinal Prevalence
survey measures prevalence at
multiple points in time on the
same population.
8. Quasi-Experiment, before and
after trial, includes prevalence
measures at multiple points in a
process.
9. Case Report: is a clinical
description of an single case or
account of an illness.
North America: Canada, USA
South America/ Caribbean:
Mexico, Caribbean, and all of
south America.
Europe: includes, Belarus,
Latvia, Ukraine, Estonia, Cyprus
& west (inc. Iceland and
Greenland)
Asia: Russia, Turkey, middle
eastern countries and east
Australia: includes New
Zealand and islands Papua New
Guinea & south.
Other: Africa and Antarctica

All

N

All

N

In text box specify the test
categories e.g. PCR run on this
sample.

All

N

Yes, the food is ready for human
consumption
No, the food requires further
cooking prior to consumption
e.g. ground meat.
NA No food was sampled.
What combination of
comparisons was made?
Detail can be put in the question

All

N

5. From where did the samples in this study
originate from?
Animal Samples

□ Live animal (farm/
zoo/ wild)
□ Tissue/sample
library
□ Tissue/ organs/ etc.
from a carcass

Other

Other: :_________
□ Fecal
□ Individual milk
□ Bulk tank milk
□ blood
□ Biopsy
□ Other tissue
□ Organs
□ Other: :_________
□ Yes could be eaten
raw
□ No, requires cooking
□ NA

6. If animal samples,
describe the sample.

7. Could the sample be
eaten without further
preparation?

10. If this is a diagnostic test □ Culture vs. PCR
□ Culture vs. ELISA
evaluation please check
□ PCR vs. ELISA
off the combinations of
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Live animal includes any
samples e.g. fecal, blood that
would have been obtained from
a living animal.
Tissue / sample library indicates
the sampling frame was from a
storage
Tissue/ organs etc from a carcass

tests evaluated.

11. What category of
laboratory methods was
used to detect MAP?

12. What specific methods
were used as part of the
lab protocol?

13. What was the total
sample size (all samples
combined)

14. Is raw/ unadjusted
data or measures of
association/effect
provided?

□
□
□
□
□

Culture vs Culture
PCR vs PCR
ELISA vs. ELISA
Other: ________
Detection of the
organism’s presence
□ Detection of an
immune reaction
□ NA- survey, no
MAP testing in
study.
□ Culture _____
□ Culture with PCR
confirmation _____
□ PCR _____
□ ISH _____
□ ELISA _____
□ Immunoassay _____
□ Other ________
□ NA no MAP
isolation
□ < 10
□ 11-25
□ 26-50
□ 51-100
□ 100+
□ N ____
□ Y ____
□ NA (only adjusted
results presented.)

2 below.

Detection of the organism is
achieved by culture, PCR, ISH.
Detection of an immune
reaction, serology, includes
immunoassays (ELISA) and
cytokine and lymphocyte assays.
Not what was used to confirm
MAP.
PCR – polymerase chain
reaction
ISH – insitu hybridization
ELISA- Enzyme-linked
immunosorbent assay
For each highlight the
type/target and product of the lab
method used. E.g. IS900 PCR
[p91, p90], 236bp.
Add up all samples & check off
the category that the total N is
appropriate for.
e.g. sum of case and control
samples if applicable
e.g. if a case report, the answer is
<10.
No, please specify what results
are included.
a. No raw results reported
b. median
c. p-value
d. denominator (n)
e. numerator ( # +ve)
f. Data in graphical format
g. other _________
Yes, measures of
association/effect unadjusted
by statistical modelling are
provided as specified:
a. Prevalence/frequency/2x2: the
numerator AND denominator
OR the proportion and
EITHER the numerator of
denominator is specified for
each group.
b. Concentration data in its
original measured value (e.g.
mean) AND a measure of
variation (SD, SE, 95%CI or pvalue) sample size (n).
c. Measure of association,
OR/RR/IR/RD/PAF/AFe AND

217

All

N

ALL

N

All

N

All

Y,
exclude
if the
answer
to Q14
and
Q15
are
both
NO (ie:
no
extracta
ble
data)

15. Were adjusted
measures of association /
effect and measures of
variability presented?

□ N ____
□ Y ____
□ NA (No
multivariable model
was used.)

16. If the study tested for
MAP, was at least 1 isolate
or positive reaction for
MAP obtained in the study?

□ Yes
□ No
□ NA

17. Was an appropriate
control group used?

□ Y (page #)
□ Y-historical
controls* (page #)
□ N
□ NA (survey,
crossectional or case
report.)
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measure of variability (SE, SD,
CI) OR p-value AND sample
size.
No, specify
a. Were not provided
b. Were not presented in an
extractable format.
c. Included measure of
association/ effect, but no
measure of variability was
presented.
Yes, results of the multivariable
model are presented for at least
outcome of interest
(prevalence, risk factor,
intervention etc.)
a. adjusted parameter estimate
(OR, MD) AND
b. measure of variability (SE, SD
etc) or p-value AND
c. Sample size
Y. At least 1 MAP positive
result.
N. There was no MAP positive
sample. (These results are
difficult because we do not
know if there was no MAP or
if the test failed to detect the
MAP. So I would like to
identify how many studies fall
into this category right away!)
NA. This study did not test for
MAP.
Appropriate control group:
1. Case control study: Controls
are drawn from the same
sampling frame (population)
and are measured in the same
timeframe as the treated group.
2. Challenge trial: Planned
experiment where subjects are
artificially challenged or
exposed to MAP.
4 Controlled trial: Controls are
drawn from the same sampling
frame and are measured in the
same timeframe as the treated
group.
6. Cohort, The controls were
concurrent and from the
population of interest with a
representative proportion of
exposed and non-exposed
people.
7 Quasi-Experiment, The study
uses the same samples as its

All

Y,
exclude
if the
answer
to Q14
and
Q15
are
both
NO (ie:
no
extracta
ble
data)

All

N

All

Y

18. Was the intervention
protocol described in
sufficient detail to allow
reproduction of the
experiment?

□ Y (page #)
□ N (page #)
□ Referenced (page

19. Was the challenge or
sample inoculation protocol
sufficiently described to
allow reproduction of the
experiment?

□
□
□
□

20. Describe and extract the
available data in this paper:
Prevalence, concentration
within a potential source or
risk factor (odds ratios)
linking human
infection/disease with M.
paratuberculosis exposure
or other relevant outcomes.
Additional Comments if the
reviewer believes the paper
should be flagged for some
reason.

Text:

#)

□ NA

Y (page #)
N (page #)
Referenced (page #)
NA

own control from
measurements at an earlier
point in time.
*Historical controls are possibly
appropriate for controlled trials,
challenge trials, Quasiexperiments and cohorts.
Yes: minimum information
- intervention used
- how it was applied
- Dosage duration/
frequency of treatment.
No: information missing
Referenced: protocol in another
paper.
NA: no intervention
Yes: minimum criteria
- challenge organism
- inoculation method
- concentration and
frequency of inoculation
No: information missing
Referenced: protocol in another
paper.
NA: no challenge

CT,
ChT,
QE,
Cohort

N

ChT

N

All

N
All

Text.
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3.3 Select meta-analyses from the scoping study of human exposure to M.
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Botsaris (2010)
|
0.000
0.000
0.522
3.08
grant (2001)
|
0.000
0.000
0.035
10.34
---------------------+--------------------------------------------------Random pooled ES
|
0.013
0.000
0.052 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
69.192 (d.f. = 12) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
82.657%
Estimate of between-study variance Tau^2 =
0.063
Test of ES=0 : z=

1.538 p =

0.124
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Bulk tank milk‐ ELISA

%

-.2

Study

ES (95% CI)

Weight

Bergagna (2012)

0.133 (0.117, 0.151)

94.92

Wilson (2010)

0.394 (0.324, 0.469)

5.08

Overall (I^2 = 0.000%, p = .)

0.146 (0.129, 0.162)

100.00

0

.2

.4

.6

.8

. metaprop cases n , random dp(3) cc(0.5) label(namevar= author , yearvar=year
> )
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Bergagna (2012)
|
0.133
0.117
0.151
94.92
Wilson (2010)
|
0.394
0.324
0.469
5.08
---------------------+--------------------------------------------------Random pooled ES
|
0.146
0.129
0.162 100.00
---------------------+--------------------------------------------------Test of ES=0 : z=

17.274 p =

0.000
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Bulk Tank Milk PCR_is900
%

-.5

Study

ES (95% CI)

Weight

Slana (2009)

0.223 (0.173, 0.282)

6.88

Slana (2009)

0.346 (0.288, 0.409)

6.85

Grant (2001)

0.010 (0.002, 0.052)

7.01

Corti (2002)

0.197 (0.177, 0.219)

7.00

Stephan (2002)

0.224 (0.189, 0.262)

6.96

Favila-Humara (2010)

1.000 (0.785, 1.000)

6.64

Favila-Humara (2010)

1.000 (0.439, 1.000)

4.04

Haghkhah (2008)

0.109 (0.064, 0.181)

6.86

Stabel (2002)

0.673 (0.538, 0.785)

6.30

Herthnek (2008)

0.304 (0.199, 0.433)

6.38

Carvalho (2009)

0.000 (0.000, 0.194)

6.72

Jayarao (2004)

0.276 (0.147, 0.457)

5.92

Pillai (2002)

1.000 (0.566, 1.000)

5.23

Botsaris (2010)

0.286 (0.231, 0.349)

6.85

Botsaris (2010)

0.200 (0.036, 0.624)

3.77

Botsaris (2010)

0.000 (0.000, 0.228)

6.59

Overall (I^2 = 98.203%, p = 0.000)

0.341 (0.241, 0.441)

100.00

0

.5

1

1.5

. metaprop cases n , random dp(3) cc(0.5) label(namevar= author , yearvar=year
> )
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Slana (2009)
|
0.223
0.173
0.282
6.88
Slana (2009)
|
0.346
0.288
0.409
6.85
Grant (2001)
|
0.010
0.002
0.052
7.01
Corti (2002)
|
0.197
0.177
0.219
7.00
Stephan (2002)
|
0.224
0.189
0.262
6.96
Favila-Humara (2010) |
1.000
0.785
1.000
6.64
Favila-Humara (2010) |
1.000
0.439
1.000
4.04
Haghkhah (2008)
|
0.109
0.064
0.181
6.86
Stabel (2002)
|
0.673
0.538
0.785
6.30
Herthnek (2008)
|
0.304
0.199
0.433
6.38
Carvalho (2009)
|
0.000
0.000
0.194
6.72
Jayarao (2004)
|
0.276
0.147
0.457
5.92
Pillai (2002)
|
1.000
0.566
1.000
5.23
Botsaris (2010)
|
0.286
0.231
0.349
6.85
Botsaris (2010)
|
0.200
0.036
0.624
3.77
Botsaris (2010)
|
0.000
0.000
0.228
6.59
---------------------+--------------------------------------------------Random pooled ES
|
0.341
0.241
0.441 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
834.554 (d.f. = 15) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
98.203%
Estimate of between-study variance Tau^2 =
0.037
Test of ES=0 : z=

6.689 p =

0.000
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Teat milk‐ Culture

%
Study

ES (95% CI)

Weight

Ronald (2009)

0.133 (0.038, 0.307)

7.28

Botsaris (2010)

0.009 (0.001, 0.032)

8.54

Botsaris (2010)

0.000 (0.000, 0.522)

4.10

Botsaris (2010)

0.000 (0.000, 0.247)

5.99

Djonne (2003)

0.000 (0.000, 0.011)

8.62

Yildirim (2013)

0.025 (0.008, 0.057)

8.51

Gao (2009)

0.343 (0.263, 0.430)

8.38

Szteyn (2008)

0.023 (0.003, 0.081)

8.19

Sharma (2008)

0.840 (0.709, 0.928)

7.80

Paolicchi (2003)

0.125 (0.027, 0.324)

6.98

Jayarao (2004)

0.029 (0.021, 0.039)

8.74

Pillai (2002)

0.043 (0.020, 0.079)

8.52

Streeter (1995)

0.024 (0.005, 0.068)

8.36

Overall (I^2 = 96.510%, p = 0.000)

0.075 (0.021, 0.153)

100.00

-.5

0

.5

1

1.5

. metaprop cases n , random dp(3) ftt cimethod(exact) label(namevar= author, ye
> arvar= year)
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Ronald (2009)
|
0.133
0.038
0.307
7.28
Botsaris (2010)
|
0.009
0.001
0.032
8.54
Botsaris (2010)
|
0.000
0.000
0.522
4.10
Botsaris (2010)
|
0.000
0.000
0.247
5.99
Djonne (2003)
|
0.000
0.000
0.011
8.62
Yildirim (2013)
|
0.025
0.008
0.057
8.51
Gao (2009)
|
0.343
0.263
0.430
8.38
Szteyn (2008)
|
0.023
0.003
0.081
8.19
Sharma (2008)
|
0.840
0.709
0.928
7.80
Paolicchi (2003)
|
0.125
0.027
0.324
6.98
Jayarao (2004)
|
0.029
0.021
0.039
8.74
Pillai (2002)
|
0.043
0.020
0.079
8.52
Streeter (1995)
|
0.024
0.005
0.068
8.36
---------------------+--------------------------------------------------Random pooled ES
|
0.075
0.021
0.153 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
343.825 (d.f. = 12) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
96.510%
Estimate of between-study variance Tau^2 =
0.159
Test of ES=0 : z=

3.587 p =

0.000

244

Individual teat – ELISA

%

Study

ES (95% CI)

Weight

Sharma (2008)

0.322 (0.243, 0.412)

25.27

Kruze (2006)

0.122 (0.053, 0.255)

24.78

Jakobsen (2000)

0.088 (0.073, 0.106)

26.62

Vinodh (2012)

0.580 (0.442, 0.706)

23.34

Overall (I^2 = 96.008%, p = 0.000)

0.270 (0.084, 0.457)

100.00

-.5

0

.5

1

. metaprop cases n , random dp(3) cc(0.5) label(namevar= author , yearvar=year
> )
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Sharma (2008)
|
0.322
0.243
0.412
25.27
Kruze (2006)
|
0.122
0.053
0.255
24.78
Jakobsen (2000)
|
0.088
0.073
0.106
26.62
Vinodh (2012)
|
0.580
0.442
0.706
23.34
---------------------+--------------------------------------------------Random pooled ES
|
0.270
0.084
0.457 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
75.142 (d.f. = 3) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
96.008%
Estimate of between-study variance Tau^2 =
0.034
Test of ES=0 : z=

2.837 p =

0.005
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Individual teat‐ PCR‐IS900

-.5

%
Weight

Study

ES (95% CI)

Carvalho (2009)
Gao (2009)
Gao (2009)
Slana (2008)
Slana (2008)
Slana (2008)
Slana (2008)
Slana (2008)
Szteyn (2008)
Pinedo (2008)
Sharma (2008)
Ronald (2009)
Selvam (2009)
Selvam (2009)
Soltani (2008)
Djonne (2003)
Djonne (2003)
Paolicchi (2003)
Jayarao (2004)
Carvalho (2012)
Vinodh (2012)
Yildirim (2013)
Yildirim (2013)
Anzabi (2013)
Sadati (2012)
Buergelt (2004)
Pillai (2002)
Overall (I^2 = 96.750%, p = 0.000)

4.20
0.036 (0.018, 0.069)
3.76
0.284 (0.214, 0.365)
3.67
0.537 (0.453, 0.620)
0.038 (0.010, 0.128)
4.02
3.28
0.514 (0.401, 0.626)
3.36
0.333 (0.235, 0.448)
3.35
0.347 (0.248, 0.462)
3.38
0.319 (0.223, 0.434)
0.207 (0.135, 0.304)
3.66
4.21
0.040 (0.023, 0.067)
3.88
0.060 (0.021, 0.162)
0.267 (0.142, 0.444)
2.73
3.24
0.760 (0.626, 0.857)
3.20
0.740 (0.604, 0.841)
3.47
0.179 (0.100, 0.298)
0.071 (0.048, 0.103)
4.18
0.015 (0.006, 0.034)
4.24
0.042 (0.007, 0.202)
3.72
0.135 (0.118, 0.153)
4.22
4.19
0.039 (0.020, 0.075)
2.99
0.440 (0.312, 0.577)
0.055 (0.031, 0.096)
4.16
4.00
0.175 (0.129, 0.234)
0.159 (0.091, 0.263)
3.65
0.056 (0.024, 0.124)
4.05
3.29
0.196 (0.107, 0.332)
0.327 (0.267, 0.393)
3.90
0.219 (0.176, 0.263)
100.00

0

.5

246

1

1.5

. metaprop cases n , random dp(3) cc(0.5) label(namevar= author , yearvar=year
> )
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Carvalho (2009)
|
0.036
0.018
0.069
4.20
Gao (2009)
|
0.284
0.214
0.365
3.76
Gao (2009)
|
0.537
0.453
0.620
3.67
Slana (2008)
|
0.038
0.010
0.128
4.02
Slana (2008)
|
0.514
0.401
0.626
3.28
Slana (2008)
|
0.333
0.235
0.448
3.36
Slana (2008)
|
0.347
0.248
0.462
3.35
Slana (2008)
|
0.319
0.223
0.434
3.38
Szteyn (2008)
|
0.207
0.135
0.304
3.66
Pinedo (2008)
|
0.040
0.023
0.067
4.21
Sharma (2008)
|
0.060
0.021
0.162
3.88
Ronald (2009)
|
0.267
0.142
0.444
2.73
Selvam (2009)
|
0.760
0.626
0.857
3.24
Selvam (2009)
|
0.740
0.604
0.841
3.20
Soltani (2008)
|
0.179
0.100
0.298
3.47
Djonne (2003)
|
0.071
0.048
0.103
4.18
Djonne (2003)
|
0.015
0.006
0.034
4.24
Paolicchi (2003)
|
0.042
0.007
0.202
3.72
Jayarao (2004)
|
0.135
0.118
0.153
4.22
Carvalho (2012)
|
0.039
0.020
0.075
4.19
Vinodh (2012)
|
0.440
0.312
0.577
2.99
Yildirim (2013)
|
0.055
0.031
0.096
4.16
Yildirim (2013)
|
0.175
0.129
0.234
4.00
Anzabi (2013)
|
0.159
0.091
0.263
3.65
Sadati (2012)
|
0.056
0.024
0.124
4.05
Buergelt (2004)
|
0.196
0.107
0.332
3.29
Pillai (2002)
|
0.327
0.267
0.393
3.90
---------------------+--------------------------------------------------Random pooled ES
|
0.219
0.176
0.263 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
799.946 (d.f. = 26) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
96.750%
Estimate of between-study variance Tau^2 =
0.012
Test of ES=0 : z=

9.841 p =

0.000
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Individual teat‐ staining

%

-.1

Study

ES (95% CI)

Weight

Anzabi (2013)

0.130 (0.070, 0.230)

23.32

Yildirim (2013)

0.155 (0.111, 0.212)

58.53

Vinodh (2012)

0.120 (0.056, 0.238)

18.15

Overall (I^2 = 0.000%, p = 0.753)

0.143 (0.105, 0.181)

100.00

0

.1

. metaprop cases n , random dp(3)

.2

.3

.4

label(namevar= author , yearvar=year )

Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Anzabi (2013)
|
0.130
0.070
0.230
23.32
Yildirim (2013)
|
0.155
0.111
0.212
58.53
Vinodh (2012)
|
0.120
0.056
0.238
18.15
---------------------+--------------------------------------------------Random pooled ES
|
0.143
0.105
0.181 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
0.566 (d.f. = 2) p =
0.753
I^2 (variation in ES attributable to heterogeneity) =
0.000%
Estimate of between-study variance Tau^2 =
0.000
Test of ES=0 : z=

7.300 p =

0.000

.
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Raw Milk‐ culture

%

Study

ES (95% CI)

Weight

Grant a (2002)

0.067 (0.026, 0.159)

34.54

Grant b (2002)

0.008 (0.002, 0.029)

36.56

Shankar (2010)

0.438 (0.231, 0.668)

28.89

Overall (I^2 = 92.793%, p = 0.000)

0.102 (0.000, 0.328)

100.00

-.5

0

.5

1

. metaprop cases n , random dp(3) ftt label(namevar= studyname , yearvar= year)
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Grant a (2002)
|
0.067
0.026
0.159
34.54
Grant b (2002)
|
0.008
0.002
0.029
36.56
Shankar (2010)
|
0.438
0.231
0.668
28.89
---------------------+--------------------------------------------------Random pooled ES
|
0.102
0.000
0.328 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
27.752 (d.f. = 2) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
92.793%
Estimate of between-study variance Tau^2 =
0.209
Test of ES=0 : z=

1.857 p =

0.063
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Raw milk PCR

%

Study

ES (95% CI)

Weight

Grant c (2002)

0.078 (0.050, 0.118)

21.70

Grant d (2002)

0.067 (0.026, 0.159)

20.58

Dzieciol (2010)

0.500 (0.403, 0.597)

18.62

Giacometti (2012)

0.030 (0.010, 0.085)

21.70

Shankar (2010)

0.063 (0.011, 0.283)

17.40

Overall (I^2 = 94.849%, p = 0.000)

0.141 (0.035, 0.248)

100.00

-.5

0

.5

. metaprop cases n , random dp(3) label(namevar= studyname , yearvar= year)
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Grant c (2002)
|
0.078
0.050
0.118
21.70
Grant d (2002)
|
0.067
0.026
0.159
20.58
Dzieciol (2010)
|
0.500
0.403
0.597
18.62
Giacometti (2012)
|
0.030
0.010
0.085
21.70
Shankar (2010)
|
0.063
0.011
0.283
17.40
---------------------+--------------------------------------------------Random pooled ES
|
0.141
0.035
0.248 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
77.649 (d.f. = 4) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
94.849%
Estimate of between-study variance Tau^2 =
0.013
Test of ES=0 : z=

2.597 p =

0.009

250

1

Pasteurized Milk – Culture

%

Study

ES (95% CI)

Weight

Shankar a (2010)

0.556 (0.267, 0.811)

4.55

Shankar b (2010)

0.722 (0.491, 0.875)

6.84

Ellingson (2005)

0.028 (0.019, 0.044)

14.16

Ayele a (2005)

0.016 (0.006, 0.041)

13.43

Ayele b (2005)

0.007 (0.002, 0.024)

13.63

Paolicchi (2012)

0.029 (0.008, 0.098)

11.24

Carvalho (2012)

0.027 (0.005, 0.138)

9.36

Grant a (2002)

0.018 (0.010, 0.032)

14.06

Grant b (2002)

0.069 (0.038, 0.123)

12.73

Overall (I^2 = 90.641%, p = 0.000)

0.053 (0.019, 0.100)

100.00

-.5

0

.5

1

1.5

. metaprop cases n , random dp(3) ftt label(namevar= studyname , yearvar= year)
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Shankar a (2010)
|
0.556
0.267
0.811
4.55
Shankar b (2010)
|
0.722
0.491
0.875
6.84
Ellingson (2005)
|
0.028
0.019
0.044
14.16
Ayele a (2005)
|
0.016
0.006
0.041
13.43
Ayele b (2005)
|
0.007
0.002
0.024
13.63
Paolicchi (2012)
|
0.029
0.008
0.098
11.24
Carvalho (2012)
|
0.027
0.005
0.138
9.36
Grant a (2002)
|
0.018
0.010
0.032
14.06
Grant b (2002)
|
0.069
0.038
0.123
12.73
---------------------+--------------------------------------------------Random pooled ES
|
0.053
0.019
0.100 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
85.480 (d.f. = 8) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
90.641%
Estimate of between-study variance Tau^2 =
0.048
Test of ES=0 : z=

4.229 p =

0.000

251

Pasteurized Milk – PCR

%

Study

ES (95% CI)

Weight

Shankar, (2010)

0.222 (0.063, 0.547)

2.32

Shankar, (2010)

0.389 (0.203, 0.614)

3.23

Gao (2002)

0.155 (0.130, 0.183)

21.09

Lillini (2007)

0.045 (0.008, 0.218)

11.98

Vinodh (2012)

0.100 (0.018, 0.404)

4.44

Grant (2002)

0.118 (0.094, 0.147)

21.10

Grant (2002)

0.208 (0.150, 0.282)

14.97

Millar (1996)

0.071 (0.047, 0.104)

20.86

Overall (I^2 = 79.403%, p = 0.000)

0.131 (0.087, 0.175)

100.00

-.5

0

.5

1

. metaprop cases N , random dp(3) cc(0.5) label(namevar= author , yearvar= year
> )
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Shankar, (2010)
|
0.222
0.063
0.547
2.32
Shankar, (2010)
|
0.389
0.203
0.614
3.23
Gao (2002)
|
0.155
0.130
0.183
21.09
Lillini (2007)
|
0.045
0.008
0.218
11.98
Vinodh (2012)
|
0.100
0.018
0.404
4.44
Grant (2002)
|
0.118
0.094
0.147
21.10
Grant (2002)
|
0.208
0.150
0.282
14.97
Millar (1996)
|
0.071
0.047
0.104
20.86
---------------------+--------------------------------------------------Random pooled ES
|
0.131
0.087
0.175 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
33.985 (d.f. = 7) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
79.403%
Estimate of between-study variance Tau^2 =
0.002
Test of ES=0 : z=

5.886 p =

0.000
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Pasteurized Cheese ‐ culture

%

Study

ES (95% CI)

Weight

Ikonomopoulos a (2005)

0.000 (0.000, 0.215)

20.48

Ikonomopoulos b (2005)

0.043 (0.008, 0.210)

25.13

Ikonomopoulos c (2005)

0.000 (0.000, 0.434)

11.45

Williams a (2010)

0.667 (0.208, 0.939)

8.14

Clark (2006)

0.010 (0.002, 0.056)

34.80

Overall (I^2 = 57.550%, p = 0.051)

0.011 (0.000, 0.109)

100.00

-.5

0

.5

1

1.5

. metaprop cases n , random dp(3) ftt label(namevar= studyname , yearvar= year)
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Ikonomopoulos a (200 |
0.000
0.000
0.215
20.48
Ikonomopoulos b (200 |
0.043
0.008
0.210
25.13
Ikonomopoulos c (200 |
0.000
0.000
0.434
11.45
Williams a (2010)
|
0.667
0.208
0.939
8.14
Clark (2006)
|
0.010
0.002
0.056
34.80
---------------------+--------------------------------------------------Random pooled ES
|
0.011
0.000
0.109 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
9.423 (d.f. = 4) p =
0.051
I^2 (variation in ES attributable to heterogeneity) =
57.550%
Estimate of between-study variance Tau^2 =
0.074
Test of ES=0 : z=

0.658 p =

0.510
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Pasteurised Cheese‐ PCR

%

Study

ES (95% CI)

Weight

Ikonomopoulos (2005)

0.500 (0.355, 0.645)

20.45

Ikonomopoulos (2005)

0.000 (0.000, 0.215)

23.37

Ikonomopoulos (2005)

0.174 (0.070, 0.371)

20.25

Ikonomopoulos (2005)

0.200 (0.036, 0.624)

11.01

Clark (2006)

0.051 (0.022, 0.114)

24.92

Overall (I^2 = 88.938%, p = 0.000)

0.172 (0.018, 0.327)

100.00

-.5

0

.5

1

. metaprop pos n , random dp(3) cc(0.5) label(namevar= author , yearvar= pubdat
> e )
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Ikonomopoulos (2005) |
0.500
0.355
0.645
20.45
Ikonomopoulos (2005) |
0.000
0.000
0.215
23.37
Ikonomopoulos (2005) |
0.174
0.070
0.371
20.25
Ikonomopoulos (2005) |
0.200
0.036
0.624
11.01
Clark (2006)
|
0.051
0.022
0.114
24.92
---------------------+--------------------------------------------------Random pooled ES
|
0.172
0.018
0.327 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
36.161 (d.f. = 4) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
88.938%
Estimate of between-study variance Tau^2 =
0.024
Test of ES=0 : z=

2.184 p =

0.029
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Raw cheese – culture

%

Study

ES (95% CI)

Weight

Stephan (2007)

0.000 (0.000, 0.028)

30.81

Williams b (2010)

0.000 (0.000, 0.259)

18.58

Williams c (2010)

0.357 (0.163, 0.612)

20.41

Botsaris (2010)

0.000 (0.000, 0.037)

30.20

Overall (I^2 = 85.091%, p = 0.000)

0.017 (0.000, 0.120)

100.00

-.5

0

.5

1

. metaprop cases n , random dp(3) ftt label(namevar= studyname , yearvar= year)
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Stephan (2007)
|
0.000
0.000
0.028
30.81
Williams b (2010)
|
0.000
0.000
0.259
18.58
Williams c (2010)
|
0.357
0.163
0.612
20.41
Botsaris (2010)
|
0.000
0.000
0.037
30.20
---------------------+--------------------------------------------------Random pooled ES
|
0.017
0.000
0.120 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
20.122 (d.f. = 3) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
85.091%
Estimate of between-study variance Tau^2 =
0.113
Test of ES=0 : z=

0.869 p =

0.385
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Raw cheese‐ PCR

%

Study

ES (95% CI)

Weight

Botsaris (2010)

0.250 (0.175, 0.343)

50.00

Botsaris (2010)

0.000 (0.000, 0.037)

50.00

Overall (I^2 = 0.000%, p = .)

0.077 (0.043, 0.119)

100.00

-.2

0

.2

.4

.6

. metaprop pos n , random dp(3) ftt label(namevar= author , yearvar= pubdate )
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Botsaris (2010)
|
0.250
0.175
0.343
50.00
Botsaris (2010)
|
0.000
0.000
0.037
50.00
---------------------+--------------------------------------------------Random pooled ES
|
0.077
0.043
0.119 100.00
---------------------+--------------------------------------------------Test of ES=0 : z=

6.757 p =

0.000
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Meat‐ culture

%

Study

ES (95% CI)

Weight

Alonso-Hearn (2009)

0.128 (0.060, 0.252)

7.33

Jaravata (2007)

0.000 (0.000, 0.019)

39.62

Okura (2011)

0.004 (0.001, 0.014)

39.95

Reddacliff a (2010)

0.588 (0.422, 0.736)

2.77

Reddacliff b (2010)

0.045 (0.008, 0.218)

8.49

Reddacliff c (2010)

0.111 (0.020, 0.435)

1.84

Overall (I^2 = 91.298%, p = 0.000)

0.033 (0.005, 0.062)

100.00

-.5

0

.5

. metaprop cases n , random dp(3) cc(0.5)
> )

1

label(namevar= author , yearvar=year

Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Alonso-Hearn (2009) |
0.128
0.060
0.252
7.33
Jaravata (2007)
|
0.000
0.000
0.019
39.62
Okura (2011)
|
0.004
0.001
0.014
39.95
Reddacliff a (2010) |
0.588
0.422
0.736
2.77
Reddacliff b (2010) |
0.045
0.008
0.218
8.49
Reddacliff c (2010) |
0.111
0.020
0.435
1.84
---------------------+--------------------------------------------------Random pooled ES
|
0.033
0.005
0.062 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
57.457 (d.f. = 5) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
91.298%
Estimate of between-study variance Tau^2 =
0.001
Test of ES=0 : z=

2.278 p =

0.023
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Meat PCR

%

Study

ES (95% CI)

Weight

Klanicova (2011)

0.167 (0.047, 0.448)

11.95

Klanicova (2011)

0.269 (0.137, 0.461)

13.32

Klanicova (2011)

0.417 (0.193, 0.680)

11.95

Klanicova (2011)

0.500 (0.095, 0.905)

6.72

Klanicova (2011)

1.000 (0.207, 1.000)

4.92

Klanicova (2011)

0.500 (0.150, 0.850)

8.88

Klanicova (2011)

0.167 (0.058, 0.392)

12.76

Meadus (2008)

0.365 (0.323, 0.409)

14.75

Okura (2011)

0.040 (0.026, 0.061)

14.76

Overall (I^2 = 96.155%, p = 0.000)

0.255 (0.057, 0.508)

100.00

-.5

0

.5

1

1.5

. metaprop cases n , random dp(3) ftt label(namevar= author , yearvar=year )
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Klanicova (2011)
|
0.167
0.047
0.448
11.95
Klanicova (2011)
|
0.269
0.137
0.461
13.32
Klanicova (2011)
|
0.417
0.193
0.680
11.95
Klanicova (2011)
|
0.500
0.095
0.905
6.72
Klanicova (2011)
|
1.000
0.207
1.000
4.92
Klanicova (2011)
|
0.500
0.150
0.850
8.88
Klanicova (2011)
|
0.167
0.058
0.392
12.76
Meadus (2008)
|
0.365
0.323
0.409
14.75
Okura (2011)
|
0.040
0.026
0.061
14.76
---------------------+--------------------------------------------------Random pooled ES
|
0.255
0.057
0.508 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
208.039 (d.f. = 8) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
96.155%
Estimate of between-study variance Tau^2 =
0.330
Test of ES=0 : z=

3.199 p =

0.001

Drinking Water‐ PCR
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%

Study

ES (95% CI)

Weight

Pickup a (2006)

0.019 (0.003, 0.098)

13.27

Villareal (2010)

0.000 (0.000, 0.259)

12.34

Aboagye b (2011)

0.465 (0.325, 0.611)

11.66

Beumer d (2010)

0.000 (0.000, 0.016)

13.39

Beumer c (2010)

0.758 (0.590, 0.872)

11.71

Pistone (2012)

0.033 (0.011, 0.093)

13.27

Beaumer a (2010)

0.818 (0.656, 0.914)

12.00

Beumer b (2010)

0.879 (0.727, 0.952)

12.36

Overall (I^2 = 98.671%, p = 0.000)

0.357 (0.215, 0.498)

100.00

-.5

0

.5

1

1.5

. metaprop cases n , random dp(3) cc(0.5) label(namevar= author , yearvar=year
> )
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Pickup a (2006)
|
0.019
0.003
0.098
13.27
Villareal (2010)
|
0.000
0.000
0.259
12.34
Aboagye b (2011)
|
0.465
0.325
0.611
11.66
Beumer d (2010)
|
0.000
0.000
0.016
13.39
Beumer c (2010)
|
0.758
0.590
0.872
11.71
Pistone (2012)
|
0.033
0.011
0.093
13.27
Beaumer a (2010)
|
0.818
0.656
0.914
12.00
Beumer b (2010)
|
0.879
0.727
0.952
12.36
---------------------+--------------------------------------------------Random pooled ES
|
0.357
0.215
0.498 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
526.829 (d.f. = 7) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
98.671%
Estimate of between-study variance Tau^2 =
0.039
Test of ES=0 : z=

4.941 p =

0.000
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Untreated water – culture

%

Study

ES (95% CI)

Weight

Raizman a (2004)

0.375 (0.137, 0.694)

8.26

Pavlik (2010)

0.000 (0.000, 0.114)

17.70

Whan (2005)

0.078 (0.048, 0.125)

28.18

Whittington (2003)

0.167 (0.030, 0.564)

6.73

Pickup d (2005)

0.125 (0.073, 0.206)

25.37

Raizman b (2004)

0.167 (0.058, 0.392)

13.76

Overall (I^2 = 64.335%, p = 0.015)

0.087 (0.025, 0.170)

100.00

-.5

0

.5

1

. metaprop cases n , random dp(3) ftt label(namevar= author , yearvar=year )
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Raizman a (2004)
|
0.375
0.137
0.694
8.26
Pavlik (2010)
|
0.000
0.000
0.114
17.70
Whan (2005)
|
0.078
0.048
0.125
28.18
Whittington (2003)
|
0.167
0.030
0.564
6.73
Pickup d (2005)
|
0.125
0.073
0.206
25.37
Raizman b (2004)
|
0.167
0.058
0.392
13.76
---------------------+--------------------------------------------------Random pooled ES
|
0.087
0.025
0.170 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
14.020 (d.f. = 5) p =
0.015
I^2 (variation in ES attributable to heterogeneity) =
64.335%
Estimate of between-study variance Tau^2 =
0.041
Test of ES=0 : z=

3.713 p =

0.000
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Untreated water – PCR

%

Study

ES (95% CI)

Weight

Pickup c (2006)

0.686 (0.570, 0.782)

21.28

Pickup b (2006)

0.231 (0.082, 0.503)

15.21

Aboagye c (2011)

0.286 (0.193, 0.401)

21.28

Pickup e (2005)

0.323 (0.238, 0.422)

21.83

Aboagye d (2011)

0.563 (0.423, 0.693)

20.40

Overall (I^2 = 88.513%, p = 0.000)

0.425 (0.255, 0.604)

100.00

-.5

0

.5

1

1.5

. metaprop cases n , random dp(3) ftt label(namevar= author , yearvar=year )
Study
|
ES
[95% Conf. Interval]
% Weight
---------------------+--------------------------------------------------Pickup c (2006)
|
0.686
0.570
0.782
21.28
Pickup b (2006)
|
0.231
0.082
0.503
15.21
Aboagye c (2011)
|
0.286
0.193
0.401
21.28
Pickup e (2005)
|
0.323
0.238
0.422
21.83
Aboagye d (2011)
|
0.563
0.423
0.693
20.40
---------------------+--------------------------------------------------Random pooled ES
|
0.425
0.255
0.604 100.00
---------------------+--------------------------------------------------Heterogeneity chi^2 =
34.821 (d.f. = 4) p =
0.000
I^2 (variation in ES attributable to heterogeneity) =
88.513%
Estimate of between-study variance Tau^2 =
0.136
Test of ES=0 : z=

7.055 p =

0.000
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4.1 List of Relevant studies included and excluded from the SR-MA on the
zoonotic potential of M. paratuberculosis.
Available in the supplementary material:
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=9981798&fi
leId=S095026881500076X

4.2 Meta-analysis Forest Plots and Meta-Regression results presented in the
tables 1-4 of the zoonotic potential of M. paratuberculosis – SR-MA.
Available in the supplementary material:
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=9981798&fi
leId=S095026881500076X

4.3 Systematic Review Protocol
Available in the supplementary material:
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=9981798&fi
leId=S095026881500076X
Data Extraction form for the Systematic Review
Data Extraction Form –Case control & Cross-sectional
Choices
Explanation
Category
General Information
Ref ID
Included in ESR
General Info
Author(s)
Included in ESR
Article Title
Included in ESR
Citation
Included in ESR
Date & person extracting Included in ESR
Language of publication
T-box
Funding Source
T-box
Material and Methods
What is the study design? Case-control
This was answered in
Level of
(check one)
the QA section, but we
Evidence
Cross-sectional
feel
that
this
helps
to
set
Prevalence
the tone for the reviewer
Cohort
and to verify that the
RCT
study was correctly
designated.
Challenge Trial
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In what country(s) did the Canada
samples or participants
US
originate?
Europe T-box
Other T-box
When did the primary
sample collection take
place?
(yyyy-yyyy)
What was the date the
laboratory analysis was
initiated? (yyyy)
Population
Was the sample restricted
to a subset of the
population? (If yes please
specify)

T-box

T-box

Yes, T-box
No

What were the inclusion
criteria?

T-box
Not described
Not applicable

What were the exclusion
criteria?

T-box
Not described
Not applicable
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There has been an
indication by some
researchers that the
disease varies by the
population.
This gives us a
prospective idea of the
time of data collection
relative to testing.
This information will
help us to classify the
appropriateness of the
laboratory methods used
in the study.
If yes, specify the subset
of the population the
study is restricted to.
(e.g. race, sex etc.)
If no restrictions were
mentioned by the
researchers or are
obvious in the paper,
answer NO.
List the inclusion and
exclusion criteria.
Restrictions based on
medication and duration
of illness are some
examples of criteria to
further define the
population.
If yes, specify the subset
of the population the
study is restricted to.
(e.g. race, sex etc.)
If no restrictions were
mentioned by the
researchers or are
obvious in the paper,
answer NO.

From where were the
cases identified? Please
select the category that
applies and write the
name of the institution(s)

How were the cases
selected?

What were the attributes
associated with the CD
cases in this study?

What were the diagnostic
criteria for diagnosing
CD?

Sample
(blood/tissue)
library, T-box
Hospital, T-box
Clinic, T-box
Doctor office, Tbox
General
population, T-box
Retail, T-box
Other, T-box
Not applicable
Scheduled for
surgery, T-box
Attending a regular
appointment for a
pre-existing
condition, T-box
Randomly sampled
from a medical
database or
retrospectively
from a library, Tbox
Randomly, T-box
Conveniently, Tbox
Other, T-box
Not described
Not applicable
Frequent diarrhea
Diffuse
Cobblestoning
mucosa
granulomas
Other, T-box
Not described
Not applicable
Clinical
presentation
Radiological
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This will identify the
origin of the samples
and maybe useful for
grouping in the report.

Representativeness of
the sample
population.

The majority of our
studies are surgery
patients, existing
patients getting checkups or were obtained
from a library. Some
studies obtained their
participants from health
databases. The few
population studies and
milk studies in this
report can indicate their
region in the “other”
category.

Internal /
External
Validity

Some studies limit their
CD cases to only
granuloma +ve patients,
which are estimated to
occur in only 33% of
CD patients.

Choose all that apply.
CD is a disease
diagnosed by exclusion,
so the more tests they

Defining the
case
population

Assessing
risk of misclassificatio
n

From where were
controls identified?
Please select the category
that applies and write the
name of the institution(s)

How were the controls
selected?

Who were the controls?

Histological
Pathological
Endoscopical
Other, T-box
Not described
Not applicable
Sample
(blood/tissue)
library, T-box
Hospital, T-box
Clinic, T-box
Doctor office, Tbox
General
population, T-box
Randomly, T-box
Conveniently, Tbox
Other, T-box
Not applicable
Scheduled for
surgery, T-box
Attending a regular
appointment for a
pre-existing
condition, T-box
Randomly sampled
from a medical
database or
retrospectively
from a library, Tbox
Retail, T-box
Other, T-box
Not applicable
Ulcerative Colitis
NIBD
Healthy Controls
Other, T-box
Not Described
Not Applicable
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have done to confirm
diagnosis, the less the
risk of misclassification.

This will identify the
origin of the samples
and maybe useful for
grouping in the report.

Representativeness of
the sample
population.

The majority of our
studies are surgery
patients, existing
patients getting checkups or were obtained
from a library. Some
studies obtained their
participants from health
databases. The few
population studies and
milk studies in this
report can indicate their
region in the “other”
category.

Internal /
External
Validity

For each control group
checked here, there will
be an information row
to fill in the results
table.

Defining the
control
groups

Demographic Characteristics (age and sex)
Indicate the age range,
median, mean and/or SE
provided in the paper.
Indicate the number of
each sex per group
Outcome Measures
What type of sample was
taken? (Include the state
of the sample ie. Fresh,
frozen, paraffin
embedded and other
details as specified.)

What subspecies of
mycobacterium did the
researcher try to identify?
What were the lab
methods used to identify
MAP? Check all that
apply and detail the type,
primers and/or media
used.

Indicate the positive
controls used for the
laboratory analysis part
of this study. (Indicate
the source and
designation.)

Age range, T-box
Mean, T-box
Median, T-Box
Other, T-box
Male, T-box
Female, T-box
Fecal (state), t-box
Blood (state, whole
or cell type), T-box
Milk (state,
fraction), T-box
Tissue (state,
region, biopsy or
resection), T-box
Other, T-box
Mycobacterium Tbox
Not specified
PCR (primer label,
#bp), T-box
Culture (media,
length), T-box
Immunology (test
goal, antigen/
antibody), T-box
Other (specify
details), T-box
PCR, T-box
Culture, T-box
Immunology, Tbox
Other, T-box
Not applicable
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Study
population
information

Select the sample type
and for Milk and Tissue
indicate the fraction or
region sampled.

Indicate the subspecies
of mycobacterium that
the researcher was
identifying.
Select the method used
to identify the exposure
status of the sample, in
the text box indicate the
specific media, primer,
antibody or antigen
study and targeted cells,
antibodies etc.
Indicate the source and
designation with any
positive controls for the
tests listed.

Specificity
of the
outcome

Indicate the negative
controls used for the
laboratory analysis part
of this study. (Indicate
the source and
designation.)

PCR, T-box
Culture, T-box
Immunology, Tbox
Other, T-box
Not applicable

This question is an
open-ended question
that applies to some
studies, but not all of
them. If +ve (often a JD
+ve animal) or –ve,
indicate the source and
designation.
Results- there will be results for each type of lab method used (e.g. 1 for PCR and 1
for culture)
Cases: CD samples n
T-box
Total number of
Results
samples OR participants
(decide)
Cases: Milk samples n
T-box
Total number of
samples (decide)
Controls: UC samples n
T-box
Total number of
samples OR participants
(decide)
Controls: nIBD samples n T-box
Total number of
samples OR participants
(decide)
Controls: Other ___ n
T-box
Total number of
samples OR participants
(decide)
T-box
Collecting this raw data
Number of positive CD
samples
gives us the flexibility
to adapt our results
summaries.
Total number of
Number of positive Milk T-box
samples
samples (decide)
Number of positive UC
T-box
Collecting this raw data
samples
gives us the flexibility
to adapt our results
summaries.
Number of positive nIBD T-box
Collecting this raw data
samples
gives us the flexibility
to adapt our results
summaries.
Number of positive Other T-box
Total number of
___ samples
samples OR participants
(decide)
Statistics
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Which statistical
technique was used to
analyse the data?

If a statistical test was
used, please detail the
resulting p-value(s),
estimates of effect (OR,
RR, RD) and its
associated SE or CI.
Did matching, stratifying
or controlling within the
analysis control the
confounder’s age and
sex?

Final Comment
Comments/Concerns?

Percentages only
Other, T-box
No statistical
analysis was
performed.
Table

The person would check
a category and/or
indicate the statistical
method used to analyse
the results.

Exclusion
Matching
Stratified
Controlled within
analysis, t-box
Not controlled
Not applicable

Yes, indicates the
method of controlling
for the confounders OR
that the confounder was
tested and found that
controlling was not
necessary.
No, (then we have to do
reanalysis depending on
whether they tested for
sig differences in age
and sex between groups
before and found them
not to be significantly
different)

T-box

This is an open text box
at the end of the data
extraction where the
reviewer can indicated
any problems and/or
additional information
that he/she thinks is
important to
summarizing the data.
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This will be a table with
Cases vs. groups
collecting p-value, est.
of effect, SE or CI

Data Extraction Form –Prevalence
Choices
General Information
Ref ID
Included in ESR
Author(s)
Included in ESR
Article Title
Included in ESR
Citation
Included in ESR
Date & person
Included in ESR
extracting
Language of publication T-box
Funding Source
T-box
Material and Methods
Case-control
What is the study
design? (check one)
Cross-sectional
Prevalence
Cohort
RCT
Challenge Trial
In what country(s) did
Canada
the samples or
US
participants originate?
Europe T-box
Other T-box
When did the primary
sample collection take
place?
(yyyy-yyyy)
What was the date the
laboratory analysis was
initiated? (yyyy)
Population
Was the sample
restricted by type of
product, store or
geography? (If yes
please specify)

T-box

T-box

Yes, T-box
No

Explanation

This was answered in
the QA section, but we
feel that this helps to
set the tone for the
reviewer and to verify
that the study was
correctly designated.
There has been an
indication by some
researchers that the
disease varies by the
population.
This gives us a
prospective idea of the
time of data collection
relative to testing.
This information will
help us to classify the
appropriateness of the
laboratory methods
used in the study.
If yes, specify the
subset of the population
the study is restricted
to. (e.g. race, sex etc.)
If no restrictions were
mentioned by the
researchers or are
obvious in the paper,
answer NO.

269

Category
General
Info

Level of
Evidence

What were the inclusion
criteria?

T-box
Not described
Not applicable

What were the exclusion
criteria?

T-box
Not described
Not applicable

From where were the
samples identified?
Please select the
category that applies and
write any details given
by the researcher

Commercial, T-box
Retail, T-box
Other, T-box
Not applicable

How were the samples
selected?

Randomly, T-box
Conveniently, T-box
Other, T-box
Not described
Not applicable
Yes, t-box
No
Not applicable

The milk studies in this Internal /
report can indicate their External
region in the “other”
Validity
category.

Milk (state, fraction), Tbox
Other, T-box
Not applicable

Select the sample type
and for Milk indicate
the fraction sampled.

Was there another
control group identified?
(Please specify)
Outcome Measures
What type of sample
was taken? (Include the
state of the sample ie.
Fresh or frozen and
other details as
specified.)
What subspecies of
mycobacterium did the
researcher try to
identify?
What were the lab
methods used to identify

Mycobacterium T-box
Not specified

List the inclusion and
exclusion criteria.
Restrictions based on
medication and
duration of illness are
some examples of
criteria to further define
the population.
If yes, specify the
subset of the population
the study is restricted
to. (e.g. race, sex etc.)
If no restrictions were
mentioned by the
researchers or are
obvious in the paper,
answer NO.
This will identify the
origin of the samples
and maybe useful for
grouping in the report.

Representativeness of
the sample
population.

Just in case there is
another control group
specified.

Indicate the subspecies
of mycobacterium that
the researcher was
identifying.
PCR (primer label, #bp), T- Select the method used
to identify the exposure
270

Specificity
of the
outcome

MAP? Check all that
apply and detail the
type, primers and/or
media used.

Indicate the positive
controls used for the
laboratory analysis part
of this study. (Indicate
the source and
designation.)
Indicate the negative
controls used for the
laboratory analysis part
of this study. (Indicate
the source and
designation.)

box
Culture (media, length), Tbox
Immunology (test goal,
antigen/ antibody), T-box
Other (specify details), Tbox
PCR, T-box
Culture, T-box
Immunology, T-box
Other, T-box
Not applicable
PCR, T-box
Culture, T-box
Immunology, T-box
Other, T-box
Not applicable

status of the sample, in
the text box indicate the
specific media, primer,
antibody or antigen
study and targeted
cells, antibodies etc.
Indicate the source and
designation with any
positive controls for the
tests listed.

This question is an
open-ended question
that applies to some
studies, but not all of
them. If +ve (often a
JD +ve animal) or –ve,
indicate the source and
designation.
Results- there will be results for each type of lab method used (e.g. 1 for PCR and 1 for
culture)
Cases: Milk samples n
T-box
Total number of
samples (decide)
Controls: Other ___ n
T-box
Total number of
samples OR
participants (decide)
Number of positive Milk T-box
Total number of
samples
samples (decide)
T-box
Total number of
Number of positive
Other ___ samples
samples OR
participants (decide)
Statistics
Which statistical
Percentages only
The person would
technique was used to
check a category and/or
Other, T-box
analyse the data?
No statistical analysis was indicate the statistical
method used to analyse
performed.
the results.
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If a statistical test was
used, please detail the
resulting p-value(s),
estimates of effect (OR,
RR, RD) and its
associated SE or CI for
the estimate of interest.
Did matching,
stratifying or controlling
within the analysis
control confounders?

Final Comment
Comments/Concerns?

Table

This will be a table
with Cases vs. groups
collecting p-value, est.
of effect, SE or CI

Exclusion
Matching
Stratified
Controlled within analysis,
t-box
Not controlled
Not applicable

Yes, indicates the
method of controlling
for the confounders OR
that the confounder was
tested and found that
controlling was not
necessary.
No, (then we have to do
reanalysis depending
on whether they tested
for sig differences in
age and sex between
groups before and
found them not to be
significantly different)

T-box

This is an open text box
at the end of the data
extraction where the
reviewer can indicated
any problems and/or
additional information
that he/she thinks is
important to
summarizing the data.

4.4 Summary of risk of bias and study level GRADE components by study‐

outcome for included in the zoonotic potential of M. paratuberculosis
SR‐MA.

Available in the supplementary material:
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=9981798&fi
leId=S095026881500076X
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5.1 Survey Protocol: Public health impact of Mycobacterium avium ssp.
paratuberculosis :A survey of expert opinion
Rationale:
This study is one component of a larger knowledge synthesis initiative designed to identify,
evaluate and summarize the global evidence on the potential public health impact of
Mycobacterium avium ssp. paratuberculosis (MAP). A scoping study evaluating different
pathways of human exposure to MAP and a systematic review-meta-analysis on the zoonotic
potential of MAP have been conducted. The aim of this survey is to gather empirical
knowledge from individuals addressing the MAP issue in a variety of settings: academia,
government and industry. This information will be used to add some contextual information
about actions or inactions being taken to address this issue and to identify some of the
existing barriers or gaps in knowledge. Therefore, the objectives of this study are to:
Obtain expert opinion concerning common exposure routes and advise concerning areas of
focus or mitigation activities.
Identify existing government control and/or surveillance programs globally and obtain expert
opinion on whether governments have taken appropriate action on MAP as a public health
issue, and have allocated adequate resources.
Methods
Study overview
This study will use an electronic survey approach to solicit the opinions of global experts on
this public health issue (Dillman, D. 2000. Mail and Internet Surveys, the Tailored Design
Method, 2nd ed. John Wiley, Hoboken, New Jersey.). Ethics approval will be sought from
the University of Guelph Research Ethics Board and the Public Health Agency of Canada
Research Ethics Board.
Survey Development and pretesting
The web-based survey was developed following the principles of survey design and
execution outlined by Dillman (Dillman, D. 2000. Mail and Internet Surveys, the Tailored
Design Method, 2nd ed. John Wiley, Hoboken, New Jersey.). A multi-stage pretest was
designed to obtain feedback on technical aspects of the questionnaire and the clarity of the
questions and answers. The survey was reviewed by the research team (Drs. Rajić, McEwen,
Stärk), by a methodological expert (Dr. Young), by a content expert (Dr. Sorge) prior to
implementing a pilot test on 3 individuals who executed the questionnaire and provided
verbal or written feedback on their experience. The questionnaire was revised accordingly
and reviewed for technical correctness by 3 additional colleagues (Greig, Mascarenhas,
Pham) not involved in the project.
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Target contact list
A list of individuals working on the MAP issue was compiled from published and nonpublished recent research papers and reports, conference proceedings, membership in MAPrelated organisations or groups and personal recommendations. The target sample size is 100
surveys completed between April 1st 2012 and May 15th, 2012. Identified individuals will
receive an initial email invitation to participate and provide with the link to access the survey
(conducted in confidence using LimeSurvey), followed by 5 weekly reminders (Dr. Michael
Ornstien, Survey Data Collection, Spring Seminar Series 2011. Institute for Social Research,
York University.). The survey is estimated to take 15-25 minutes.

Data analysis
The data collected by the LimeSurvey platform will be exported, cleaned and summarized.
Confidentiality will be maintained: no personal information will be collected within the
survey and email addresses will not be linked to the participant responses, thus no coding is
necessary. Categorical and ranking questions will be summarized using Stata12. Open
ended questions and comments will be summarized descriptively.
Manuscript preparation, next steps and KTT plan
A manuscript based on the results of this study will be developed and submitted for
publication in a peer-reviewed journal. The findings of this work will also be integrated into
the MAP risk profile along with the knowledge synthesis results to help bring context to the
potential policy options and their evaluation.
A copy of the survey may be located in the supplementary material of the published article:
http://onlinelibrary.wiley.com/doi/10.1111/zph.12221/suppinfo

274

5.2 Descriptive summary of the the survey data by question
Section 1: Respondent Demographics
1. My main area(s) of expertise is: (check all that apply)
My main area(s) of expertise is:
Answer
Count Percentage
Microbiology (SQ001)
74 43.27%
Epidemiology (SQ002)
57 33.33%
Animal Health (SQ003)
81 47.37%
Agriculture (SQ004)
10 5.85%
Food Safety (SQ005)
21 12.28%
Public Health (SQ006)
16 9.36%
Human Medicine (SQ007)
13 7.60%
Molecular Biology / Genetics
(SQ008)
27 15.79%
Risk or Economic Modeling
(SQ009)
4 2.34%
Outbreak Investigation (SQ010)
8 4.68%
Other- immunology (7), pathology
(7), nutrition (3), internal medicine,
food science, international trade,
agri engineering, disease systems
24 14.04%
2. My expertise was primarily acquired in:
Answer
Count
Government (SQ001)
41
Academia (SQ002)
121
Industry (SQ003)
13
Other- 6 private institute, 3 vet
clinics, 1 consultant, 1 patient CD, 1
farmer
12
3. I work mostly in:
Research (SQ001)
Clinical or field work (e.g.
veterinarian/physician) (SQ002)
Laboratory work (e.g. routine
diagnostics) (SQ003)
Agriculture industry, agriculture
management (SQ004)
Animal health surveillance (SQ005)
Public health surveillance (SQ006)

Percentage
23.98%
70.76%
7.60%
7.02%

127 74.27%
24 14.04%
23 13.45%
9 5.26%
27 15.79%
4 2.34%
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Other: guideline development,
teaching, international trade and
policy.

14 8.19%

4. I acquired my expertise primarily in:
Answer
Count
Africa (SQ001)
2
Asia (SQ002)
8
Europe (SQ003)
68
North America (SQ004)
82
Oceania (SQ005)
15
South and Central America and the
Caribbean (SQ006)
2
Other: middle east 2 (1.17%), 1
published research?
3
5.

Percentage
1.17%
4.68%
39.77%
47.95%
8.77%
1.17%
1.75%

Please rate your experience with the following MAP related topics:
Low
(e.g No
experience)

Medium
(e.g. Some
direct
experience or
extensive
review of the
literature.)

Topic
Animal Health
Beef cattle
Dairy cattle
development of mitigation
strategies
implementation of mitigation
strategies
Diagnostic Tests for MAP
Routine Testing
Development of new tests
Sources of MAP for humans
milk or dairy
other human food
water
environment
development of mitigation
strategies
implementation of mitigation
strategies

High
(e.g. primary
focus of
professional
work.)

n

percentage
of
respondents

97
136

56.7%
79.5%

102

59.6%

105

61.4%

117
109

68.4%
63.7%

117
68
81
97

68.4%
39.8%
47.4%
56.7%

67

39.2%

55

32.2%
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(score of 3-5 counted as
“experienced” when
dichotomized in the
table below)

zoonotic potential
Predictive or Economic models

108
62

63.2%
36.3%
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6.

How many years of expertise have you accumulated working on any aspect(s) of the
MAP issue?
N=163
Answer
Count Percentage
<3 years (SQ001)
14 8.59%
3-10 years (SQ002)
69 42.33%
>10 years (SQ003)
80 49.08%
7. My work on the MAP issue in the last 6 months represents:
N=162
Answer
Count Percentage
< 25% of my day-to-day work activities
(SQ001)
78 48.15%
25-50% of my day-to-day work activities
(SQ002)
41 25.31%
50-75% of my day-to-day work activities
(SQ003)
16 9.88%
75-100% of my day-to-day work activities
(SQ004)
27 16.67%
Section 2: Human Exposure to Mycobacterium avium ssp. paratuberculosis
8.

In your expert opinion how might people be exposed to MAP (at a population
level)? Please provide values for sources of MAP you note are of higher or lower
importance summing to 100.
N= 144
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9. In your expert opinion how are ruminants (e.g. cattle/sheep) exposed to MAP?
Please provide values for on-farm sources of MAP that are of higher or lower
importance summing to 100.
N= 144

Note: Intrauterine infection was mentioned in several comments and was not a specific
option in this question.
10. Assuming that interventions are available, in your expert opinion, which
commodities should be targeted for mitigation strategies to decrease human
exposure to MAP?
Low
Medium
High
(Interventions are
(interventions are
(Interventions are
likely to have no
likely to decrease
likely to effectively
impact on human
some human
decrease human
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exposure to MAP.

exposure to MAP)

exposure to MAP)

Section 3: Public health impact of MAP, current and potential mitigation strategies
11. Do you think that MAP poses a risk to human health?
N= 154
Answer
Count Percentage
Yes (1)
52 33.77%
Likely, but there is not sufficient
or consistent evidence to-date.
(2)
69 44.81%
Only minor risk (3)
23 14.94%
No (4)
6 3.90%
Don’t know (5)
4 2.60%
12. How would you rank MAP as a public health issue within the context of agri-food
public health priorities in your region?
N= 157
High priority (Immediate action
should be taken)
38 24.20%
Medium priority
63 40.13%
Low priority
37 23.57%
Not a priority (The potential
impact on public health is very
low, especially considering other
19 12.10%
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current public health challenges.)
13. Do you think government should be investing resources to evaluate the current
knowledge and potential mitigation options available for the control of MAP?
N=139
Answer
Yes (Y)
No (N)

Count

Percentage
128 92.09%
11 7.91%

14. Are you aware of any government or industry program or regulation targeting
control of MAP anywhere along the food chain (from farm to fork)?
N=163
Answer
Yes mandatory: (1)
Yes voluntary: (2)
No, I am not aware of any. (3)

Count
30
81
52

Percentage
18.40%
49.69%
31.90%

15. Are you aware of any government or industry program for monitoring or
surveillance of MAP or Johne’s disease anywhere along the food chain?
N=152
Answer
Yes mandatory: (1)
Yes voluntary: (2)
No, I am not aware of any. (3)

Count
22
73
57

Percentage
14.47%
48.03%
37.5%

16. If you answered Yes to either of the above two questions (about control,
surveillance or monitoring), do you think these programs are appropriate given the
current knowledge about MAP and the aim of the aforementioned programs (e.g.
control of disease)?
N=114
Yes
No

78 68.42%
36 31.58%

17. Do you think there is enough evidence that MAP is a public health concern to
warrant government intervention (action) towards minimising human exposure to
MAP?
N=149
Yes: government should be taking action
(e.g. implementing mandatory mitigation
programs) to protect public health.
75 50.34%
Dairy
74 98.67%
Meat
60 80.00%
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Produce (vegetables/fruits)
Water – drinking (treated/well water)
Water – recreational (untreated)
Environmental contamination/ run-off
Other
No: there is not enough evidence to
warrant government intervention on any
product/industry

15
35
15
41
2

20.00%
46.67%
20.00%
54.67%
2.67%

74 49.66%

18. What are the important knowledge gaps that need to be satisfied to appropriately
prioritize MAP within the public health agenda?
N=79
A thematic analysis was conducted on the analysis to this question.
The biggest barrier to controlling MAP is a lack of “good” (sensitive/specific) and
affordable diagnostic tests for ruminants, other animals, environmental samples and
humans (including biomarkers). The deficiencies in diagnostic tests have made creating
control and eradication programs in ruminant herds almost impossible. If ruminants are the
main source of contamination for the environment, water etc. then our ability to have an
impact on MAP relies on the improvement of these tests.
Vaccines (3) should be a priority. Need a vaccine that doesn’t interfere with tuberculosis
testing.
Investigating the transmission cycle (2) to better understand contributing sources. Use of
genotyping (1).
On-farm mitigation strategies (11) were considered an important knowledge gap. Current
barriers included costly mitigation programs, a lack of farmer education. The need for better
cost-benefit information to encourage industry to employ these programs. Government
intervention should be considered a last resort. “i) it would be justified that governments
start considering mitigation strategies ii) specific commodities or routes cannot be singled
out yet because we do not know their potential relative contribution.”
Further JD research was identified by (8) to better understand genetic susceptibility, the
immunopathogenesis of MAP, understanding if MAP infection can be cleared by cattle. Do
not underestimate that MAP is a major animal welfare issue and many of the control
programs proposed are not working.
MAP in food. Dairy (4), research to examine whether the current pasteurisation methods are
adequate. Shellfish (1), produce (1), environmental- water (7) contamination and the role of
protozoa in transmission.
Analysis
1. Cohen’s correlation coefficient: >0.7 is considered high. Between the risk to human
health and ranking MAP as a public health issue we had good agreement among
experts.
STATA code: alpha risktohumanhealth publichealthissue, detail
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Test scale = mean(unstandardized items)
Average interitem covariance: .5448056
Number of items in the scale:
2
Scale reliability coefficient: 0.7636
Interitem covariances (obs=pairwise, see below)
risktohumanhealth publichealthissue
risktohumanhealth
0.8813
publichealthissue
0.5448
0.8829
Pairwise number of observations
risktohumanhealth publichealthissue
risktohumanhealth
154
publichealthissue
153
155
2. Ordinal Regression: Exploring correlation between participant characteristics and
the outcomes: ranking of the public health priority and whether MAP is a human
public health concern.
a) Heterogeneous choice model for ranking MAP as a public health issue.
Public Health priority outcome: an oglm (Ordinal Generalized Linear Model) was
selected to evaluate the relationship between public health priority ranking for MAP and
apriori selected predictors; expertise, continent (no regional correlations), type of
organisation, proportion of work dedicated to MAP and number of years experience
working on MAP. The latter was the only highly significant (P<0.05) predictor and it
violated the proportional odds assumption, Brant test P<0.05). By using a heterogeneous
choice model, where the ordinal variable years experience was allowed to be
heteroskadistic (Williams, 2010, Estimating heterogeneous choice models with oglm).
Compared to multinomial, proportional odds and partial proportional odds models, the
heterogeneous choice model was most parsimonious. (There are few model diagnostics
available for ordinal models. This evaluation, with one predictor was a fairly basic
relationship to evaluate.)
The pictures below show the AIC and BIC outputs from the various ordinal model
options evaluated for best fit and the heterogenous choice model obtained using stata’s
oglm function.
The final figure graphically shows the relationship between the outcome, ranking of the
public health priority level for M. Paratuberculosis and the number of years the expert
has been working on MAP. As you can see there was a correlation between extreme
answers High priority, which increased with increasing number of years invested in MAP
and Low priority public health issue which conversely decreased with the number of
years working on MAP. While a small proportion of people indicated MAP is not a
priority at all, this was unrelated to years experience with MAP. A relatively high
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number of people indicated MAP was a medium priority issue and this was also unrelated
to the number of years working on this issue.
Akaike's information criterion and Bayesian information criterion

Model

Obs

ll(null)

ll(model)

df

AIC

BIC

mlogit
ologit
gologit
partial
slogit
oglm

154
154
154
154
154
154

-199.8115
-199.8115
-199.8115
-199.8115
-199.8115
-199.8115

-190.7321
-194.2417
-190.7139
-194.2417
-190.7321
-191.3438

6
4
6
4
6
5

393.4643
396.4833
393.4279
396.4833
393.4643
392.6877

411.686
408.6312
411.6496
408.6312
411.686
407.8724

Note:

N=Obs used in calculating BIC; see [R] BIC note

. xi:oglm publichealthissue yearsexp , het(yearsexp) store(oglm)
Heteroskedastic Ordered Logistic Regression

Number of obs
LR chi2(2)
Prob > chi2
Pseudo R2

Log likelihood = -191.34383

Std. Err.

z

P>|z|

=
=
=
=

154
16.94
0.0002
0.0424

publichealthissue

Coef.

[95% Conf. Interval]

publichealthissue
yearsexp

-1.220463

.4149738

-2.94

0.003

-2.033796

-.407129

yearsexp

.3428735

.1432254

2.39

0.017

.0621569

.6235901

/cut1
/cut2
/cut3

-3.590815
-.5190023
1.754915

.8924947
.4457643
.5960546

-4.02
-1.16
2.94

0.000
0.244
0.003

-5.340072
-1.392684
.5866698

-1.841557
.3546796
2.923161

lnsigma
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probability of Public Health priority category

1.00

0.80

0.60

Medium Priority
0.40
Low Priority
0.20
Not A Priority

High Priority

0.00
0

.5

1

1.5

Years of work on M. paratuberculosis, <3 yrs, 3-10 yrs, >10 yrs
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b) partial proportional odds model evaluating the outcome; Does MAP pose a risk to
human health?.
The probability of answering whether MAP is a risk to human health was investigated in
an partial proportional odds model; expertise (animal health.), continent (no regional
correlations), type of organisation (academia, government, industry), proportion of
work dedicated to MAP and number of years experience working on MAP. The bolded
variables were significant in the model by (P<0.05) and academia/ proportion of work
violated the proportional odds assumption, omodel test P=0.000). Thus, we used partial
proportional odds model in which the assumption of proportional odds is removed for
certain predictors. (MER, 2012). Compared to multinomial and proportional odds; the
partial proportional odds models fit the data better than the multinomial, but equally to
the proportional odds model. However the proportional odds assumption was violated
with 2 variables and thus the partial proportional odds model is considered more
parsimonious. (There are few model diagnostics available for ordinal models. This
evaluation, with one predictor was a fairly basic relationship to evaluate.)
The pictures below show the AIC and BIC outputs from the various ordinal model
options evaluated for best fit and the partial proportional odds model (gologit2) was
equally well fit compared to the ologit, slogit and oglm. Although there doesn’t appear
to be anything to gain by allowing for the non-proportional variables, the models do not
fit significantly better. Theoretically it is better to allow for the assumption violation.
The model indicates that the proportion of work (base <25%), 1; 25-50%, 2; 50-75% and
3; >75%, whether the respondent work got their experience with M. Paratuberculosis in
academic setting (industry and government was not significant) and if their experience
included animal health, there was a significant relationship with their choice of whether
M. Paratuberculosis poses a human health risk. Mainly the probability of answering yes
is greatly increased with the number of years worked, whereas this trend was not seen for
the other categories.
Akaike's information criterion and Bayesian information criterion

Model

Obs

ll(null)

ll(model)

df

AIC

BIC

mlogit
ologit
gologit
partial
slogit
oglm

148
148
148
148
148
148

-169.2709
-169.2709
-169.2709
-169.2709
-169.2709
-169.2709

-153.0317
-157.9664
-150.7572
-157.6182
-156.7956
-157.5321

18
8
18
10
10
10

342.0635
331.9328
337.5144
335.2364
333.5911
335.0641

396.0133
355.9105
391.4642
365.2085
363.5632
365.0363
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. xi:gologit2 risktohumanhealth i.mapwork8
_academia animalhealth, pl(_academia
> re(partial)
i.mapwork8
_Imapwork8_0-3
(naturally coded; _Imapwork8_0 omitted)
Generalized Ordered Logit Estimates

Number of obs
Wald chi2(7)
Prob > chi2
Pseudo R2

Log likelihood = -157.61819
(
(
(
(
(
(
(
(

1)
2)
3)
4)
5)
6)
7)
8)

=
=
=
=

148
21.02
0.0037
0.0688

[Yes]_academia - [Likely]_academia = 0
[Yes]_Imapwork8_1 - [Likely]_Imapwork8_1 = 0
[Yes]_Imapwork8_2 - [Likely]_Imapwork8_2 = 0
[Yes]_Imapwork8_3 - [Likely]_Imapwork8_3 = 0
[Likely]_academia - [MinorRisk]_academia = 0
[Likely]_Imapwork8_1 - [MinorRisk]_Imapwork8_1 = 0
[Likely]_Imapwork8_2 - [MinorRisk]_Imapwork8_2 = 0
[Likely]_Imapwork8_3 - [MinorRisk]_Imapwork8_3 = 0

risktohuma~h

Coef.

Std. Err.

z

P>|z|

Yes
_Imapwork8_1
_Imapwork8_2
_Imapwork8_3
_academia
animalhealth
_cons

-.9880996
-1.682882
-.9485643
-.9581889
-1.14385
2.176653

.4028446
.5753138
.456312
.3866579
.4001621
.4086459

-2.45
-2.93
-2.08
-2.48
-2.86
5.33

0.014
0.003
0.038
0.013
0.004
0.000

-1.77766
-2.810476
-1.842919
-1.716024
-1.928153
1.375722

-.1985388
-.5552878
-.0542093
-.2003532
-.3595465
2.977585

Likely
_Imapwork8_1
_Imapwork8_2
_Imapwork8_3
_academia
animalhealth
_cons

-.9880996
-1.682882
-.9485643
-.9581889
-.7785042
-.3117046

.4028446
.5753138
.456312
.3866579
.4459366
.3562679

-2.45
-2.93
-2.08
-2.48
-1.75
-0.87

0.014
0.003
0.038
0.013
0.081
0.382

-1.77766
-2.810476
-1.842919
-1.716024
-1.652524
-1.009977

-.1985388
-.5552878
-.0542093
-.2003532
.0955155
.3865677

MinorRisk
_Imapwork8_1
_Imapwork8_2
_Imapwork8_3
_academia
animalhealth
_cons

-.9880996
-1.682882
-.9485643
-.9581889
-1.101355
-2.004313

.4028446
.5753138
.456312
.3866579
.8939868
.5551148

-2.45
-2.93
-2.08
-2.48
-1.23
-3.61

0.014
0.003
0.038
0.013
0.218
0.000

-1.77766
-2.810476
-1.842919
-1.716024
-2.853537
-3.092318

-.1985388
-.5552878
-.0542093
-.2003532
.6508269
-.9163081
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[95% Conf. Interval]

probability of risk to human health category

1.00

0.80

0.60
Likely
0.40
Yes
0.20

Minor Risk
No

0.00
0

1

2

Proportion of work, <25%, 25-50%, 50-75%, >75%
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