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ABSTRACT

THE APPLICATION OF RESEARCH SYNTHESIS METHODS FOR
EVALUATING PRIMARY RESEARCH ON SALMONELLA IN BROILER
CHICKENS

Ashley Michelle Farrar Co-Advisors:
University of Guelph, 2009 Dr. Scott McEwen
Dr. Andrijana Raji¢

Research synthesis methods were applied to identify, appraise and summarize the
primary research on Salmonella in broiler chickens from farm-to-secondary processing
pertaining to three sub-topics: interventions, risk factors, and prevalence. A scoping
review was utilized to develop evidence maps for these sub-topics and prioritize a priori
determined questions for rigorous systematic reviews. Of 12, 982 potentially relevant
citations, 748 studies addressed interventions, risk factors (n=30) or prevalence (n=200).
Evidence maps of sub-topics indicated substantial heterogeneity in study methods.
Among studies evaluating an on-farm intervention, competitive exclusion (CE, n=192)
was the most frequently studied. The results of a systematic review-meta-analysis (SR-
MA) indicated that various CE products reduced Salmonella colonization in broilers, for
up tol3 weeks post-treatment. The methodological soundness of these studies was
limited. The scoping review-SR-MA approach is useful for characterizing broad topics
and prioritizing questions for SR, and should be considered for routine use in microbial

food safety.
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CHAPTER ONE

INTRODUCTION, STUDY RATIONALE AND OBJECTIVES

Foodborne illness

It is estimated that more than 200 diseases can be transmitted to humans through food
(Mead et al., 1999). In 2005, approximately 1.8 million people worldwide died from
diarrheal diseases, largely attributed to the consumption of contaminated food and
dﬂnkjng water (Anonymous, 2007a). Although the majority of these deaths occurred in
developing countries, up to 30% of people living in industrialized countries are estimated

to be affected by foodborne illnesses each year (Anonymous, 2007a).

In the United States, it is estimated that foodborne diseases cause between 6 million and
81 million illnesses, resulting in 325,000 hospitalizations, and up to 9,000 deaths each
year (Mead et al., 1999; Anonymous, 2007a). In Canada, this number ranges between 11
and 13 million estimated cases of foodborne illness per year (Anonymous, 2006a). While
the majority of foodborne disease cases are sporadic and often underreported, large
outbreaks are frequently observed and documented. For example, an outbreak of
salmonellosis in 1994 due to contamiriated ice cream affected 224,000 individuals in the

United States (Anonymous, 2007a).

Foodborne salmonellosis
In 2004, a total of 2,501 unique Salmonella serovars were identified, but only around 100

were routinely isolated from food, animals, and humans (Anonymous, 2005). Some



serovars have a limited host-spectrum, affecting only one or a few animal species; for
example, Salmonella Gallinarum and S. Pullorum in poultry (Anonymous, 2005; Cox et
al., 2005). The majority of serovars have a broad host-spectrum and Salmonella
Enteritidis and S. Typhimurium are the most important serovars transmitted to humans

from animals, mostly through contaminated foods of animal origin (Anonymous, 2005).

Worldwide, Salmonella is recognized as one of the most common causes of foodborne
illness in humans (Mead et al., 1999; Wegener et al., 2003; Anonymous, 2007a). In
recent years, the incidence and severity of human salmonellosis cases has increased
significantly, in part due to the emergence of antimicrobial resistance in certain
Salmonella serovars and improved reporting systems (Anonymous, 2005).
Approximately 6,000 to 12,000 cases of human salmonellosis are reported annually in
Canada (Anonymous, 2006b); however, these data have to be interpreted with caution
because of high levels of underreporting (Todd, 1992; Todd, 1997; Mead et al., 1999;
Campbell et al., 2003). In the United States, the total cost associated with Salmonella is
estimated to be US $3 billion annually, where foodborne salmonellosis is thought to

account for $2.9 billion (Anonymous, 2005; Miller et al., 2005; Frenzen, 2009).

Salmonella can cause illness in people of all ages, but the incidence is highest in infants
(White et al., 1997). In affected individuals, gastrointestinal symptoms develop
approximately 12 to 72 hours after ingestion of the bacterium, and generally last 4 to 7
days (Anonymous, 2006b). Common symptoms include fever, chills, abdominal cramps,

nausea, and diarrhea (White et al., 1997; Anonymous, 2006b). Most individuals infected



by a broad host-spectrum serovar recover without treatment, but infection can be severe

in the young, elderly or patients with weakened immune systems (Anonymous, 2005).

Salmonella: A global challenge in broiler chicken production
Salmonella can colonize the intestinal tracts of mammalian, avian and amphibian hosts
(Anonymous, 2006b). As a result, salmonellosis in humans is often associated with foods

of animal origin, such as eggs and meat (White et al., 1997; Anonymous, 2006b).

Broiler chickens can be colonized with Salmonella by one of two types of transmission,
horizontal or vertical (Mead et al., 1999; Poppe, 2000). Horizontal transmission involves
fecal-oral transmission, directly among broilers, or more frequently, indirectly through a
contaminated environment, such as feed, water, dust, rodent droppings, or footwear or
clothing of farm personnel contaminated with Salmonella (White et al., 1997; Poppe,
2000; Cox et al., 2005). Vertical transmission occurs directly to the broiler via the egg,
when broiler breeders pass the infection on to their developing ova, usually due to an
infection in the ovary or oviduct (Poppe, 2000). Once colonized, broilers are most likely
to be asymptomatic carriers, although, in some cases, clinical illness can occur (Poppe,
2000). Asymptomatic carriers can continue to shed Salmonella in their feces,

contaminating their environment and other broilers (Poppe, 2000).

Broilers can become infected with Salmonella at any point in the production chain,
although the majority become infected as young chicks (White et al., 1997; Mead et al.,

1999; Cox et al., 2005; Van Immerseel et al., 2005). Young chicks are particularly



vulnerable to infection because at hatching they lack protective microflora in the gut and
their immune system is immature (White et al., 1997; Mead et al., 1999; Cox et al., 2005;
Van Immerseel et al., 2005). This susceptibility can lead to colonization if chicks are
exposed to a sufficient dose of bacteria because of persistent hatchery or farm

contamination (Poppe, 2000; Van Immerseel et al., 2005).

The highest level of intestinal colonization of Salmonella in broilers is typically during
the second or third week of grow-out (White et al., 1997; Cox et al., 2005). After the
third week there is a gradual decline in prevalence, which continues until processing,
where carcasses can be accidentally exposed to external contamination from skin,
feathers or contaminated intestinal or crop contents during slaughter (Hargis et al., 1995;
Cox et al., 2005). It is estimated that Salmonella prevalence near the end of the grow-out
phase is between 5 and 10%, but 30 to 50% during processing (Jones et al., 1991; Hargis
et al., 1995; White et al., 1997). This increase in prevalence is a result of the multiple
points of cross-contamination that can occur during broiler chicken processing (Figure

1.1.) (White et al., 1997).

Carcasses that become contaminated during processing can be distributed for retail,
posing a public health risk. In 2002, approximately 10 to 15% of poultry meat at the
retail level was positive for several serovars of Salmonella in all European countries
except Scandinavia (Van Immerseel et al., 2005). A recent study conducted in Alberta,
Canada reported that 30% of raw chicken legs from the retail marketplace were

contaminated with Salmonella (Bohaychuk et al., 2006). This coincides with the



prevalence estimate of 20% in federal broiler processing facilities, provided by the
Canadian Food Inspection Agency (Canadian Food Inspection Agency, 2002; Raji¢ et al.,

2007).

Salmonella control in broiler chickens: What works?

The approaches used to control Salmonella in broiler chickens vary among regions and
countries. In North America, Salmonella control primarily occurs at the processing level
(Cox et al., 2005). In the US, a Hazard Analysis and Critical Control Point
(HACCP)/pathogen reduction approach requires that all poultry processing plants to
adopt a system to prevent food safety hazards (Anonymous, 2009b). The program has set
Salmonella performance standards, based on nationwide averages determined in pre-
HACCEP studies, to verify whether it reduces Salmonella contamination (Roos, 2009).
Post-chill broiler carcasses are tested in sets of 51 samples, and 12 samples are permitted
to test positive for Salmonella (Food safety and inspection service, 1996; Anonymous,
2009b). If an establishment does not meet these standards, corrective action includes
coordination among consumer safety officers, district managers, circuit supervisors,
compliance officers and inspection personnel (Anonymous, 2009b). To date, this
approach has been successful at reducing S. Pullorum and §. Gallinarum in broiler
carcasses, but not serovars of main public health importance (Sternberg Lewerin et al.,

2005).

In contrast, a farm-to-fork approach is officially legislated in the European Union (EU)

(Anonymous, 2007b) and resembles the main features of the well-known Scandinavian



approach (summarized below). Results of the latter suggest that the elimination or
significant reduction of Salmonella serovars of public health importance at processing
requires the delivery of Salmonella-free chicks from the hatchery and grow-out farms

(Cox et al., 2005).

Since 1970, Sweden has had a national control program aimed at the eradication of all
Salmonella serovars in poultry, including broiler chickens (Sternberg Lewerin et al.,
2005). The program starts from the top of the broiler breeding pyramid, and includes
extensive regulations on poultry feed, breeding flocks, hatcheries, rearing, egg
production, slaughter and processing (Sternberg Lewerin et al., 2005). This mandatory
program includes the monitoring of all poultry flocks using a Salmonella culture method
approved by the EU, reporting to the veterinary authorities if Salmonella positive samples
are detected, and submission of all isolates to the National Veterinary Institute for typing
and antimicrobial resistance testing (Sternberg Lewerin et al., 2005). All Salmonella-
contaminated flocks are killed by euthanasia, regardless of serovar, and considered unfit
for human consumption (Sternberg Lewerin et al., 2005). A voluntary portion of the
program consists of a high level of biosecurity and hygiene practices (Sternberg Lewerin
et al., 2005). Although this approach has achieved virtually Salmonella-free broiler
populations in Sweden (Sternberg Lewerin et al., 2005), the feasibility of such a program
elsewhere is questionable. Sweden has a relatively small broiler chicken production
industry, compared to major chicken producing countries, such as the US, China and

Brazil (Evans, 2008).



Although some EU member-states questioned the feasibility of the Scandinavian
approach, Salmonella in food-animal primary production was identified as the main food
safety priority in the EU (Lars Plym Forshell, National Food Administration, Sweden,
personal communication). As a result, the EU Zoonoses legislation was developed,
initially targeting pigs, turkeys and broiler chickens. For each of these populations, each
EU member-state developed a Salmonella reduction target, based on EU-wide national
baseline prevalence surveys that were conducted between 2005 and 2006. Broiler
chicken surveys were conducted in a representative sample of commercial broiler flocks
with at least 5,000 birds (Anonymous, 2007b). The Salmonella flock prevalence varied
among the member-states from O to 68.2%, with Sweden as the only country with no
Salmonella positive flocks (Anonymous, 2007b). The survey determined that 11%
(range of 0% to 39%) of broiler flocks were positive for S. Enteritidis or S. Typhimurium,
the two most common serovars found in humans (Anonymous, 2007b). As a result, the
EU set a reduction target in broilers only for these two serovars (Anonymous, 2007b),
and it was left up to member-states to consider addressing other serovars of public health

importance within the context of their country (Anonymous, 2007b).

In Canada, the Chicken Farmers of Canada introduced an on-farm food safety (OFFS)
program called Safe, Safer, Safest in 1998 (Raji¢ et al., 2007; Anonymous, 2009a). The
program is voluntary, industry-driven and overseen by government. It incorporates
mandatory and recommended good production practices (GPP), partially based on
HACKCEP principles, to ensure the safety of broilers leaving farms (Raji¢ et al., 2007,
Anonymous, 2009a). Specific biological, chemical, and physical hazards are mentioned,
but not pathogen-specific monitoring or control practices as a means to control these

7



hazards (Raji¢ et al., 2007). To date, producers are not penalized for violation of the
practices prescribed by the program, which might affect the compliance of producers, as

well as the success of the program (Raji¢ et al., 2007).

The need for scoping reviews and global evidence mapping

Various stakeholders frequently conduct or commission out comprehensive reviews of
primary research addressing broad microbial food safety topics, such as Salmonella in
broiler chickens, in order to generate position statements or issue-specific guidelines or
identify research gaps and support future research. These substantial and costly efforts
rarely employ systematic and transparent methods for identifying, critically evaluating
and summarizing existing evidence. Haphazard reviews are often not repeatable, and a
lack of transparency in review methodology can compromise agreement among various
stakeholders concerning the body of evidence on a given subject, as well as their support
for recommended actions, particularly if the evidence behind the recommendations is

ambiguous or contradictory.

Systematic review (SR) (described below) is a transparent and well-established approach
used to review the primary research on a focused question (Borenstein et al., 2009). A
relatively new type of literature review applied primarily in nursing and health care
sectors is called a scoping review and is also referred to as evidence mapping. This
approach is reported to be more useful for addressing broader topics or fields of interest
than a SR (Katz et al., 2003; Arksey and O'Malley, 2005; Anderson et al., 2008; Davis et

al., 2009). The main purposes of scoping reviews are to: examine the quantity, scope and



characteristics of available primary research (evidence mapping); determine if a full SR 1s
feasible on specific, focused questions, relevant and/or cost-effective; summarize and
distribute research findings; and identify knowledge gaps (Arksey and O'Malley, 2005;

Anderson et al., 2008; Davis et al., 2009).

The methodological framework for this approach is still evolving because the methods,
interpretation and expectations applied in various scoping reviews are highly variable,
even within a sector (Davis et al., 2009). Scoping reviews share certain characteristics
with SRs, such as a replicable and structured literature search and explicit study selection
criteria (Arksey and O'Malley, 2005). The main difference is that scoping reviews are
primarily used to address broader topics with a wider range of study designs and diverse
evidence (Katz et al., 2003; Arksey and O'Malley, 2005; Davis et al., 2009). For these
reasons, scoping reviews are often used as a preliminary stage to a full SR (Katz et al.,
2003; Anderson et al., 2008). Another useful outcome of this approach is identification
of knowledge gaps, which is useful for guiding future research and resource allocations
and informing decision-makers (Katz et al., 2003; Anderson et al., 2008). An example of
the scoping review approach, as used by the Global Mapping Initiative Network, is
outlined in Figure 1.2. (Clavisi et al., 2008). This review retrieved, evaluated and
summarized research evidence addressing a range of clinical questions in the pre-
hospital, hospital and rehabilitation phases of care for individuals with traumatic brain

and spinal cord injuries, using evidence maps (Clavisi et al., 2008).



Scoping reviews are intuitively appealing for broad microbial food safety topics that
comprise a wide range of evidence and study designs. An enormous quantity of primary
research exists even for a single microbial food safety topic, such as Salmonella in broiler
chickens. For example, some studies report the prevalence or accuracy of diagnostic
tests, others risk factors or interventions for reducing Salmonella in various broiler sub-
populations and still others investigate the public health aspect of the issue. The
complexity of the food chain increases the variation within each topic area because
studies are implemented at different levels of the chain from farm-to-processing.
Concurrently, food safety experts tend to be highly specialized in one or more topic areas
and less often across all areas. For these reasons, the scoping review approach might
assist various stakeholders and experts in understanding the characteristics of the
available evidence on a selected topic, and through increased transparency and
replicability of the review process, might contribute to the overall trust and

communication among various stakeholders.

The benefits of using systematic reviews in microbial food safety

Traditional narrative reviews addressing broad or narrow topics in clinical care, microbial
food safety or zoonotic public health are often of limited usefulness. They rarely employ
a systematic and transparent approach to identify relevant literature, distinguish between
valid and unacceptable study conduct and reporting, or support quantitative syntheses
(Mulrow, 1987; Oxman and Guyatt, 1988; Egger et al., 2001; Waddell et al., 2009). For

this reason, it is believed that narrative reviews are open to expert bias and not
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informative for policy decision-makers (Egger et al., 2001; Sargeant et al., 2006;

Borenstein et al., 2009; Davies and Crombie, 2009; Waddell et al., 2009).

Systematic review is a transparent and replicable method used to identify, appraise and
synthesize the existing research on a focused topic or question (Borenstein et al., 2009).
This method is most frequently used to evaluate the effectiveness of interventions, and to
a lesser extent, the accuracy of diagnostic tests and to better understand the consistency
of reported risk factors and/or prevalence estimates (Sargeant et al., 2006; Sanchez et al.,
2007; Centre for Reviews and Dissemination, 2009). Systematic reviews might also be
used to generate evidence-based inputs for risk assessments and to identify research gaps
and needs (Sargeant et al., 2006; Centre for Reviews and Dissemination, 2009). The
main principles of the SR method are shown in Figure 1.3. Appropriately executed and
reported SRs provide more transparent, accurate and complete information to decision-
makers for various contextual uses than traditional narrative reviews (Mulrow, 1994,
Sargeant et al., 2006). The main differences between traditional narrative and SRs are

listed in Table 1.1. (Cook et al., 1997).

Although SRs are most common in the human health care literature, several have recently
been published in the food safety and veterinary public health fields, addressing a single
or a few very focused questions (Sanchez et al., 2007; Sargeant et al., 2007; O'Connor et
al., 2008; Waddell et al., 2008; Wilhelm et al., 2009; Young et al., 2009). Their more
frequent use may assist in more transparent and accountable, evidence-based policy and

decision-making in those fields.
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The use of meta-analysis for better understanding global evidence

Meta-analysis is a statistical technique that combines the results from multiple
independent studies in order to generate a more precise overall effect estimate
(Borenstein et al., 2009; Crombie and Davies, 2009). The weights that are assigned to
each included study are based on pre-determined mathematical criteria that account for
varying sample sizes (Deeks et al., 2001; Borenstein et al., 2009). The effect estimates
reported in studies vary because of chance and individual study characteristics, such as
differences among studied populations, study settings and methods of delivery of the
intervention (Deeks et al., 2001; Crombie and Davies, 2009). This heterogeneity is
measured, and if large (p-value for Q statistic <0.1), the pooled estimate should not be
reported, or the heterogeneity should be explained through methods such as a stratified
meta-analysis or meta-regression (Sutton et al., 2000). In the latter, potential associations
between the study design, methodological soundness characteristics and the reported

effect estimate are evaluated (Deeks et al., 2001; Crombie and Davies, 2009).

A high quality meta-analysis requires a high quality SR, through which the studies are
comprehensively and critically appraised, generating valid data (Borenstein et al., 2009;
Crombie and Davies, 2009). To date, mostly qualitative SRs have been published in
microbial food safety; the use of meta-analysis was often precluded because of a low
number of studies suitable for inclusion in the review and/or large heterogeneity among

the included studies (Sargeant et al., 2007; Wilhelm et al., 2009).
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Study rationale
Despite the long history and overall importance of Salmonella in the broiler chicken
_industry and the relatively extensive global research efforts in this field, the extent of the
problem within the Canadian context is currently unknown, particularly concerning the
most relevant risk factors and interventions for reducing Salmonella in broiler chickens,
specifically at the farm level. Currently, there is no control program targeting Salmonella
in broiler chickens in Ontario or the rest of Canada. Before various control options are
considered, it is important that the existing research evidence is comprehensively and
critically summarized, evaluated and well-understood. Concurrently, various expert
groups, appointed by the World Health Organization, Food and Agriculture Organization
and the Codex Committee for Food Hygiene, are in the process of developing
international guidelines for controlling Salmonella in broiler chickens, at the farm and
processing levels (Anonymous, 2002; Lammerding and Fazil, Public Health Agency of

Canada, personal communication).

For the above reasons, it is important and timely to map out the existing primary research
on Salmonella in broiler chickens using a scoping review. To the best of our knowledge,
this method has not been attempted in the food safety arena. In this thesis, the breadth of
primary research underpinning selected sub-topics of Salmonella in broilers was
evaluated and summarized using this approach, including relevance of the evidence

within the Ontario/Canadian context and major research gaps.

13



Potential questions for rigorous and focused SRs were identified from an a priori
determined list of potential questions, refined and prioritized based on the results of the
scoping review and inputs from the review team, taking into consideration the available
manpower and time. Where sufficient data was available, a meta-analysis-meta-
regression approach was used to quantitatively present the data. Thus, the two
methodologies, scoping review and SR-MA, compliment each other within the context of

this thesis.

The results of the scoping review will also be utilized in a companion research project to
identify questions for rigorous SRs, and generate inputs and determine data gaps for a
quantitative risk assessment. Through the latter, various options will be evaluated for
controlling Salmonella in broiler chickens within the Ontario context (Bucher et al.,
University of Guelph, in progress). The complementary aspects of this and another

project (Bucher et al., University of Guelph, in progress) are indicated in Figure 1.4.

Thesis objectives and format

The main objectives were:

1. To identify, evaluate and summarize the available primary research on Salmonella in
broiler chickens for three sub-topics: interventions, risk factors, and prevalence from
farm-to-secondary processing, using a scoping review. The opportunities and challenges

for using this approach on broader topics in microbial food safety were also evaluated.
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2. Based on the results of the scoping review, to select the most promising on-farm
intervention, and using a SR-MA approach, to evaluate if the intervention reduces

Salmonella colonization in broiler chickens.

This thesis is written using a paper style format. Chapters 2 and 3 are formatted
according to the style of the journal to which the manuscripts will be submitted. As such,
there is unavoidably some repetition of information between chapters. Since research
synthesis methods, namely a scoping review and SR-MA, and their application on
Salmonella topics in broiler chickens are the main focus of this thesis (Chapters 2 and 3),

a traditional literature review is not part of the thesis.
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Table 1.1. Differences between narrative and systematic reviews
Feature Narrative review Systematic review
Question Broad in scope Focused

Search strategy
Selection
Appraisal
Synthesis

Inferences

Not usually specified

Not usually specified
Variable

Often a qualitative summary

Sometimes evidence-based

Comprehensive, explicit
Criterion-based

Rigorous, critical

Often a quantitative summary

Usually evidence-based

Adapted from (Cook et al., 1997)
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Figure 1.1.

Process flow diagram of broiler chicken production from farm-to-fork
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Identification, development and prioritization of research questions
Identification of relevant topics
Mapping workshop
Question development
Question prioritization

y

Identification of relevant studies and study selection
Development of question specific search strategy
Search of electronic databases
Determine specific inclusion and exclusion criteria
Screening 1: citations and/or abstracts (2 independent reviewers)
Retrieval of potentially eligible full text articles
Screening 2: full papers (2 independent reviewers)
Create question specific library for final list of included studies

y

Data extraction
Assignment of unique identifying numbers (reference ID) to articles
Export of question specific library to database
Data extraction and characterization of studies

y
Identification of evidence gaps

Figure 1.2.

Scoping review method used to evaluate the rehabilitation of patients with
traumatic brain or spinal cord injury by the Global Evidence Mapping Initiative
Network

Adapted from (Clavisi et al., 2008)
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Formulate study question
Population
Intervention, Diagnostic Test, Risk Factor, Prevalence
Outcome

y

Assemble review team
Develop protocol

y

Conduct search strategy

y

Relevance screening
. Pre-tested
Screen all abstracts captured in search strategy
Two independent reviewers

y

Methodological assessment
Pre-tested
Assess risk of bias in all relevant studies
Two independent reviewers

Data extraction
Pre-tested
Extract relevant data from studies of sufficient quality
Two independent reviewers

A 4

Summarize and interpret results
Qualitatively
Quantitatively

Figure 1.3.
Steps to conducting a systematic review
Adapted from (Sargeant et al., 2006)
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Establishment of the review team
Identification of relevant topic-areas (interventions, risk factors,
prevalence)
A priori identification of focused questions for systematic review (SR)

y

Protocol development/pre-testing
Scoping review — literature mapping
A broad topic search strategy
Conduct search strategy/de-duplication
Determine study inclusion and exclusion criteria
Relevance screening 1: abstracts (2 independent reviewers)
Relevance screening 2: full text articles (2 independent reviewers)
Generate maps for 3 topic areas
Refinement and prioritization of focused questions for rigorous
systematic review-meta-analysis (SR-MA)
Identification of data gaps

A

Prioritized systematic reviews
Methodological assessment by study design (2 independent reviewers)
Data extraction by topic-area (2 independent reviewers)

y

Data analysis
Qualitative summary (SR)
If applicable, quantitative analysis meta-analysis/meta-regression
Identify knowledge gaps
Generate evidence-based inputs for a QRA

A

Quantitative risk assessment
Develop model
Utilize inputs generated from scoping review and rigorous SRs
Identify gaps
Develop optimal control approach

Figure 1.4.
Description of scoping review-systematic review-meta-analyses framework used

in this thesis and the connection to a complementary project (Bucher et al.,
University of Guelph, in progress)
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CHAPTER TWO

A SCOPING REVIEW ON SALMONELLA IN BROILER CHICKENS:
BENEFITS AND CHALLENGES

ABSTRACT
Scoping reviews are a relatively new research synthesis method primarily used in the
health sector for characterizing broad topics in terms of the overall quantity, scope and
distribution of the available primary research. In this paper, we propose a framework for
conducting scoping reviews on broad microbial food safety (MFS) topics. The method
was applied to the literature on Salmonella in broiler chickens from farm-to-secondary
processing, in order to map the primary research on intervention, risk factor and
prevalence studies, and to assess potential benefits and challenges for using this approach
in MFS. An explicit literature search was conducted and a priori determined study
inclusion criteria were applied. Each step of the electronic review was conducted by two
independent reviewers. From 12,982 potentially relevant citations, 978 abstracts
investigated interventions (n=748), risk factors (n=30), or prevalence (n=200). Among
intervention abstracts, 79% (591/748) investigated an on-farm intervention, with
competitive exclusion (CE, n=192) as the most frequently studied category. Among 200
prevalence studies, 73 were conducted in North America, of which 27 and 33 were
conducted at the farm and processing levels, respectively. The research team selected,
based on the results of the scoping review, five relevant on-farm interventions, and
prevalence and risk factor studies conducted within North America for rigorous
systematic reviews (SR). Within intervention categories, studies indicated large

variability in terms of the types of intervention, type of products within intervention,
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routes of administration, populations and outcome measurement. This was illustrated
through an evidence map of a single CE product. The on-farm intervention evidence map
comprised many poorly designed or reported studies of small sample size. A lack of
large field studies was observed. The scoping review was useful for mapping out the
primary research on our broad topic, prioritizing questions for rigorous SR, and
identifying research gaps. This scoping review was time and resource demanding (10
months and 10 reviewers), as only part-time and inexperienced reviewers were available.
However, with full-time and experienced reviewers, a scoping review could be completed
within three to six months depending on the breadth of the topic and the availability of
primary research. The advancement of existing electronic review formats and refinement
of the existing methodological framework would increase the feasibility of this method in
the future. Review groups should consider this approach for routine use in MFS on long-
term issues for which there is the possibility of high impact decisions to be made and re-
evaluated over time. This method allows structured mapping of the evidence and

transparent evaluation of potential actions.

INTRODUCTION

Scoping review is a relatively new approach for identifying, evaluating and briefly
summarizing research evidence on broad topics (Katz et al., 2003; Arksey and O'Malley,
2005; Anderson et al., 2008). This approach, also known as evidence mapping, has been
applied primarily in nursing and health care sectors to evaluate the quantity, scope and

characteristics of primary research underpinning broad topics of interest as a way to make
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sense of diverse evidence prior to conducting several systematic reviews (SR) (Arksey

and O'Malley, 2005; Anderson et al., 2008; Davis et al., 2009).

Scoping reviews follow some of the principles of SR methodology, such as explicit and
reproducible search and study selection methods (Arksey and O'Malley, 2005; Sargeant
et al., 2005). Systematic review is the most popular research synthesis method used to
identify the effectiveness of interventions and to a lesser extent, the accuracy of
diagnostic tests and consistency of risk factors or prevalence estimates (Sargeant et al.,
2006; Centre for Reviews and Dissemination, 2009). This methodology, when used
appropriately, reduces bias in interpretation of findings from a pool of studies by
following a structured, transparent and replicable methodology to search for, select,
appraise and extract information from primary research in which each step is conducted
independently by at least two reviewers (Mulrow, 1994; Sargeant et al., 2006). Over the
past five years, the use of SR and meta-analysis has gained momentum in microbial food
safety (MFS) over the past five years (Sargeant et al., 2005; Sargeant et al., 2006;
Sanchez et al., 2007; Sargeant et al., 2007; O'Connor et al., 2008; Waddell et al., 2008;

Wilhelm et al., 2009; Young et al., 2009).

Although useful, SRs are mainly conducted on narrow, focused questions, resulting in
very specific summaries of evidence, which on their own might not be sufficient to
support decision-making on broad and complex issues which are often of greatest interest
to decision makers (Katz et al., 2003; Arksey and O'Malley, 2005). Many microbial food

safety topics are broad in nature and stakeholders require that scientific evidence is
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evaluated within its broad context (Bero and Jadad, 1997). Moreover, a single, in-depth
SR requires substantial manpower and time to address one focused question. For the
above reasons, a scoping review offers an intuitively appealing framework for mapping
out the breadth of evidence and research gaps on a broad topic that will help answer some
questions about the availability of evidence and help prioritize the use of an in-depth,
rigorous SR on specific, focused questions based on the overall quantity and distribution

of primary research (Anderson et al., 2008).

The objectives of this study were to: apply a scoping review on a broad MFS topic and
evaluate its utility using the topic of Salmonella in broiler chickens to map out the
quantity, scope, characteristics and knowledge gaps pertaining to primary research on
interventions, risk factors and prevalence estimates; prioritize from a list of a priori
developed questions those that are relevant for rigorous SR; and provide direction for a
complementary quantitative risk assessment (QRA). The benefits and challenges of the

approach have been assessed throughout the text.

SCOPING REVIEW APPROACH

Topic refinement

A review team was established including professionals with expertise in veterinary
epidemiology, microbiology, poultry production, SR, and literature search. The group
refined the broad topic, Salmonella in broiler chickens, into three sub-topics:
interventions, risk factors and prevalence and/or concentration studies conducted from

farm-to-secondary processing (Table 2.1.). The scope was limited to these three areas
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primarily to meet the needs of a complementary QRA currently being constructed, and

due to manpower and time constraints.

Search strategy

A simple search strategy was implemented in December 2007 in PubMed (1860-2007),
Agricola (1924-2007), Current Contents (1999-2007), Scopus (1960-2007), CAB (1913-
2007) and CAB Global Health (1971-2007). The algorithm included one broad outcome
“Salmonella” and four broad population ‘“chicken” terms (Table 2.2.) to increase citation
retrieval for all three sub-topics. No time period or language restrictions were used at this
stage. All citations were imported into the reference manager Procite 5.0 (Thomson

ResearchSoft, Philadelphia, PA) and de-duplicated.

Search verification included hand-searching reference lists of four broad literature
reviews on Salmonella in poultry, and up to three reviews each, published after 1990,
addressing various interventions, risk factor and prevalence data (Table 2.3.). For most
categories, three specific reviews were not identified, in which case, only available
reviews were hand-searched. The reference lists of selected chapters (1, 5-10, 13-18) of a
recently published, relevant text book were also hand-searched (Table 2.4.) (Mead,

2005). All citations identified during search verification and not already captured in the
electronic searches were obtained, if possible, and subjected to the outlined review

process.

32



Study selection criteria

In order to be considered relevant, abstracts must have reported primary research in
English that investigated interventions, risk factors and/or prevalence/concentration of
Salmonella serovars of public health importance from farm-to-secondary processing.
Studies that reported other aspects of the Salmonella issue (e.g., diagnostic tests for
Salmonella or outbreaks in humans), in which only environmental samples, such as feed
and litter, were collected or only measured the outcome through serology were beyond
the scope of this review. Intervention studies conducted under in vitro conditions and
prevalence studies reporting only proportional morbidity/mortality or that did not present
a numerator, denominator and point in production chain of sampling were excluded. The
initial relevance screening criteria was quite broad in scope and brief in order to allow

quick progression through the abstracts and remove irrelevant citations.

Relevance screening and prioritizing questions for systematic review

Two levels of relevance screening (RS) were conducted. Relevance screening 1
(described in the previous section) was conducted on abstracts to identify the primary
research relevant to the three areas of interest within the broad topic (Appendix 1).
Relevance screening 2 was conducted on the full papers to confirm relevance and to
categorize them by sub-topic (intervention, risk factor and/or prevalence), type of
intervention, point in production chain, as well as type of outcome, continent and time
period for prevalence and risk factor studies (Appendix 2). Based on the overall breadth
and distribution of evidence at this level, considering the needs of a complementary QRA

and available manpower, the research team prioritized, from a list of a priori identified
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potential focused questions (Appendix 3) for rigorous SR, which includes the

implementation of methodological assessment and data extraction tools.

Methodological assessment and data extraction

The methodological assessment was conducted using a form with 28 questions
(Appendix 4), all applicable to intervention research (but not to all study designs) and 18
questions applicable to prevalence and risk factor research. Two questions were used as
additional study exclusion criteria; lack of appropriate control group (intervention
studies) and lack of sufficient raw/unadjusted or adjusted data for analysis. Only papers
that met these criteria proceeded to data extraction. Data extraction was separately
conducted for intervention and prevalence/risk factor studies. Both forms are shown in

Appendices 5 and 6.

Review management

All previously described steps, except for the search strategy, were conducted by two
independent reviewers, after adequate agreement (kappa > 0.8) was achieved among
reviewers at pre-testing. Pre-testing included 87 randomly selected abstracts for RS, 15
papers of various study design for methodological assessment and four for data
extraction. A total of 19 reviewers contributed to different steps of the scoping review-
SR project. During this process all disagreements were resolved by consensus or a senior
team member resolved the conflict. The review was managed in the online program SRS

4.0 (TrialStat! Corporation, Ottawa, ON).
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RESULTS

Scoping review

The search strategy resulted in 12,957 de-duplicated abstracts (Table 2.2.). The search
verification resulted in 61 potentially relevant citations that were not captured through the
electronic searches, of which only 25 were successfully procured (n=12,982) (Tables 2.3.
and 2.4.). None of 25 passed RS 1 (n=1 was a review, n=24 either did not study
Salmonella serovars of public health importance or did not study broiler chickens). After
RS 1, 1,255 abstracts passed to RS 2; 277 studies were excluded at this level for reasons
summarized in Figure 2.1. The quantity, scope and distribution of primary intervention,
risk factor and prevalence research in English, the prioritization process and outcomes are

shown in Figure 2.1. and Table 2.5.

From scoping review to prioritized systematic reviews

Of the 978 studies that passed RS 2, intervention research for Salmonella in broilers from
farm-to-secondary processing was reported in 748 studies; of these, 591 (79%)
investigated one or more farm level interventions. Competitive exclusion (CE, n=192)
was the most frequently studied intervention, followed by other feed and water additives
(n=114), antimicrobials (n=89), vaccination (n=62) and biosecurity (n=19). These five
farm level interventions were prioritized for rigorous SRs. Vaccination and biosecurity
studies are currently undergoing methodological assessment and data extraction, thus no
results will be presented for these interventions. No studies evaluating interventions at
the transport level were identified. At the processing level, 157 (21%) intervention

studies were identified; most frequently treatment spraying or dipping (n=75), chilling
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(n=37) and scalding (n=21). Due to considerably less studies at this level than at the farm

level, all processing interventions were selected for SR.

Prevalence and risk factor data were reported in 200 and 30 papers, respectively, and 87
were studies conducted in North America (n=73 prevalence; n=14 risk factors). A total
of 127 prevalence studies and 16 risk factor studies were conducted outside North
America. Of the 73 North American studies that included prevalence estimates, 27 were
farm level, 33 were processing level, and 13 included estimates from both the farm and
processing levels. The majority of these 73 studies (58%) were conducted after 1990. In
Tables 2.6. and 2.7., the quantity, distribution and characteristics of prevalence and risk
factor studies are shown by continent, respectively. Only prevalence and risk factor
studies conducted within North America were prioritized for SRs, as differences among
broiler production and processing systems vary between countries and regions and the

complementary QRA is focusing on North America.

Methodological assessment and data extraction applied to prioritized systematic
review questions

Among 552, 73 and 14 prioritized intervention, prevalence and risk factor studies, 154
(28%), ten (14%) and five (36%) were excluded, respectively, for the reasons
summarized in Table 2.5. In this paper, for brevity reasons, the results of the in—depth
methodological assessment and data extraction are presented only for CE, to illustrate the
main highlights that were commonly observed in the other intervention SRs. Many

studies reported multiple treatment comparisons or replicates, which were extracted as
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unique trials for analytical purposes. The CE evidence map included 2,789 unique trials
from 149 studies (range 1-214 trials/per study; mean=19 trials/study). The Salmonella
outcome was measured either as prevalence (1,794 trials), concentration (300 trials) or
infection/protection factor values (695 trials), which are geometric means (Pivnick et al.,

1985).

Several consistent methodological soundness or reporting issues were observed for
primary research investigating CE and other prioritized interventions. None of the CE
studies provided justification for the sample size and in 55% of the 2,789 trials a sample
size of 30 broilers or less was used. The majority of CE trials (98%) were conducted in
laboratory facilities that were not representative of commercial broiler chicken
production. Random assignment of broiler populations to treatment groups was
adequately described in only 3% of trials, and another 28% of trials reported random
assignment, but did not provide an explicit definition of the allocation process.
Additionally, the use of blinding was almost never reported in the trials. Forty-two
percent of the 2,789 trials did not report conducting a statistical analysis, and 13% of
trials that had clustering (grouping of chicks resulting in a lack of statistical
independence) did not properly address it. Intervention protocols, including challenge
protocols and laboratory methods, were described in sufficient detail for replication in the
majority of the trials. More detailed information about the methodological assessment of

CE is shown in Table 2.8.
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Overall, the CE evidence map indicated that 18% of 2,789 trials were published between
2000 and 2008, 69% were conducted in either Canada or the US and 96% used day old
chicks as the study population. Fifteen unique CE products were examined; an
undefined, chicken related source was the most common (62%). The most common route
of CE administration was oral gavage (65%). A variety of sample types were collected to
measure the Salmonella outcome, with cecal contents as the most frequent (28%).
Sampling was conducted at various ages of the broiler population, ranging from 0-7 days
(21%) to more than 84 days (<1%). The variability of studies evaluating the
effectiveness of CE is mapped out in Figure 2.2. using a single CE product (FM-B11) as

an example.

Review management

It took six one-hour meetings of either the core research team (authors of this paper) or
reviewers to determine the project scope, the search strategy and a list of a priori focused
questions for potential rigorous SR. The broader and more complex the question, the
larger the review core team needs to be to accommodate more topic area expertise. The
RS 1 and 2 forms were developed, discussed and pre-tested with the core research team
and reviewers at each level. Prioritization of questions for rigorous SR, after the scoping
review was completed, was discussed at two meetings. Methodological assessment and
data extraction forms were developed, discussed and pre-tested in three and four

meetings with the core research team and reviewer team, respectively.
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Regular bi-weekly meetings were held throughout the duration of the review to address
any questions or concerns brought up by individual reviewers. All meetings were
organized and facilitated by the review manager (primary author), who revised and
maintained up-dated review forms and specific guidelines for consistent review according
to the decisions made by the core team. This individual also oversaw allocation of
resources to various tasks, monitored the review progress, and handled regular
communication between the core research and reviewer teams through meetings and
e-mails. All changes and up-dates in review approaches were presented at the bi-weekly
meetings and captured in review guideline documents that evolved during the review
process (Appendices 7-9). The review manager spent approximately seven to 15 hours
per week training reviewers, mostly veterinary epidemiologists, some of whom were not
familiar with SR methodology, and addressing their questions and concerns. The time it
took to complete each step of the review is shown in Table 2.9. A total of 7,3, 13 and 11
reviewers contributed to the completion of RS 1 (12,982 abstracts), RS 2 (1,255 papers),
methodological assessment (639 papers) and data extraction (470 papers), respectively.
The abstracts or papers were assigned to reviewers on a bi-weekly basis by the project
manager to ensure that reviewers were kept on task. The scoping part of the review took
approximately 10 months, from establishing the research team to summarizing RS 2

results and prioritizing the questions for rigorous SRs.

DISCUSSION
The main purposes of scoping reviews are to map and assess the quantity, scope and

characteristics of available primary research (evidence mapping), to determine if one or
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more full SRs are feasible and necessary, to summarize and distribute research findings,
and to identify knowledge gaps (Arksey and O'Malley, 2005; Anderson et al., 2008;
Davis et al., 2009). In this study we accomplished these objectives by conducting a
scoping review on the broad microbial food safety topic, Salmonella in broiler chickens.
First, we determined and evaluated the quantity and distribution of primary research for
three sub-topics, interventions, risk factors and prevalence. This required two levels of
RS; a very short abstract-based RS 1 tool that was essential for reducing the number of
abstracts from 12,982 to 1,255 by removing irrelevant abstracts. A longer, paper-based
RS 2 tool (~12 questions) was useful for mapping additional characteristics of the
primary research such as type of intervention, point in production chain, outcome
measurement, publication year and geographical location. These data were necessary to
create fairly informative and complex evidence maps for each sub-topic. The research
team used the maps to prioritize the questions for rigorous SRs, based on the overall
quantity of primary research, its biological relevance, and the needs of a complementary

QRA, as well as to identify major knowledge gaps and future research needs.

Among relevant abstracts, substantially more primary research studies investigated the
effectiveness of interventions (n=748) than prevalence (n=200) and risk factors (n=30)
combined. The intervention studies were primarily conducted at the farm level within
North America. This is somewhat surprising because in North America, Salmonella in
broiler chickens is primarily controlled at the processing level (Cox et al., 2005; Raji¢ et
al., 2007), but it might indicate that the industry stakeholders in this region are

considering on-farm control options. It is somewhat less surprising that CE was the most
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frequently studied intervention because although researchers disagree about its
effectiveness, it has been successfully implemented in Sweden. By contrast, the use of
various biosecurity practices, which are frequently recommended in both government and
industry Salmonella-control guidelines, was evaluated in very few (n=19 intervention;
n=5 risk factor) studies. Better understanding and an increased quantity of valid evidence
demonstrating the effectiveness of various biosecurity practices for controlling
Salmonella is necessary for wider adoption of such practices on-farm. It is possible that
large integrated poultry companies might have this type of data, but currently these are
not publicly available. This is an important gap in knowledge that should be addressed
by encouraging large poultry corporations to share such data, if available, and the journal
editors to promote the submission of experiments or field trials regardless of the
significance or lack of significance of the results. Although evaluating biosecurity
practices or other interventions in a field setting is challenging for financial and logistic
reasons, funding agencies should support these larger trials conducted under commercial
conditions. For a wide range of interventions at the farm (four types of interventions) and
processing level (six types of interventions), a sufficient amount of primary research
studies was identified allowing multiple rigorous SR to be prioritized and are currently in

progress. This has provided direction for a complementary QRA..

Ideally, the inputs used for QRA should be generated and reported using transparent and
valid evidence from the literature and where appropriate literature is not found, expert
opinions. Expert opinions are frequently biased (Fazil et al., 2008) and SR is

recommended as a structured, transparent and replicable way of generating evidence-
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based inputs for QRA. Transparency was achieved through the scoping review because
the review team was able to evaluate if a sufficient amount of utilizable primary research
existed for various interventions along with some characteristics of interest. Whenever
possible, the distribution of prevalence or concentration data were summarized for
various interventions across various stages of broiler chicken production, allowing the

research team to select the most appropriate outcomes for a complementary QRA.

Substantial methodological soundness issues observed in most studies included in the
review (e.g., poor study conduct or reporting) severely limits our ability to analyze and
generalize the findings to commercial conditions in North America, which is the target of
the QRA. For example, a lack of field studies conducted under commercial conditions
was observed, and in fact, the majority of CE studies were of small sample sizes and not
representative of field conditions. The significant heterogeneity observed within each
intervention type, or products within the same intervention, substantially reduced the
number of studies eligible for meta-analysis, as only sufficiently similar studies may be
pooled. Our analysis was restricted to particular outcomes, authors who reported in a
manner that could not be reconciled further limited opportunities for increased power in
the meta-analysis. Infection/protection factor values, which were primarily reported in
older publications, were not considered as useful for meta-analysis, as they could not be
transformed into an outcome useful for a QRA. The most preferable type of outcome,
concentration of Salmonella, was reported in 56 trials covering five defined CE products,
both limiting the use of meta-analysis. Although these limitations compromise the

precision and validity of the effect estimates generated through our meta-analysis for
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QRA, they still might be the more transparent and valid option when compared to a

single study estimate or expert opinion.

The prevalence evidence map allowed us to evaluate the quantity of prevalence data
versus concentration data across varying time periods and to limit rigorous SR to data
generated within North America. These data were fairly evenly spread across the broiler
production chain, except for the transport level where no data were found. This is not
surprising given that the scoping review was limited to studies collecting samples directly
from broilers, while at the transport level, samples are frequently collected from crates.
In all continents, except Australia and Asia, there was an overall increase in the number
of prevalence studies across time (more from 1990 to present). However, this might be a
result of inclusion criteria that required reporting of the numerator, denominator and the
point in production chain of sampling. It was observed that publications before 1960
often did not provide the denominator or the location of sampling and more recent

prevalence estimates likely contain more relevant data.

The utility of scoping reviews to identify knowledge gaps and future research needs
varies depending on the process used. This scoping review successfully identified areas
where no substantial research existed, for example, on the effectiveness of biosecurity
practices, Salmonella prevalence at the transport level or the distribution of prevalence
versus concentration data. Many scoping reviews do not include methodological
assessment of included studies at all or this aspect is conducted on a fairly superficial

level (Arksey and O'Malley, 2005). In this scoping review, the prioritization of questions
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for rigorous SRs was conducted after RS 2 was completed. Many aspects of the
usefulness and soundness of identified relevant primary research were assessed post-
scoping review, at the methodological assessment level, using a long and complex tool.
For this reason, this stage took a long time and some resources were wasted because 149
studies that did not meet some basic criteria, such as sufficient reporting of results, were
evaluated fully for methodological soundness. This number might be higher once all
individual SRs are completed. In retrospect, knowledge gap identification and
prioritization of questions for in-depth SRs would be more effective if a brief
methodological assessment, consisting of a couple pertinent questions (2-3), was added to
RS 2 to further exclude studies that do not contain useable data. These could include
sufficient reporting of results (raw/unadjusted or adjusted estimates with measures of
variability), the use of an appropriate control group for intervention studies, and sufficient
reporting of intervention, challenge (if applicable) and laboratory protocols. This would
improve the utility of the evidence maps produced by the scoping review. Additionally,
to improve the efficiency of methodological assessment and data extraction, these levels
should be implemented simultaneously to save time and resources as the paper would

have to be read once instead of twice.

Scoping review-SR tools are more complex than those used in a narrow, focused SR
because they deal with a broad topic. Thorough definitions and clear communication
among reviewers was necessary to ensure all papers relevant to each sub-topic of the
review were identified during the scoping review, at RS. By prioritizing several specific

questions to conduct in-depth SRs on, complexity of the methodological assessment was
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due to the many different study designs captured under the three sub-topics. Common
intervention study designs included challenge trials, whereas a common risk factor and
prevalence study design was the cross-sectional observational type. Data extraction was
also organized by study design because of the differences between sub-topics, and data
extraction was completed separately for each unique trial within the study, requiring extra
data clean-up and manipulation. Each of these issues should be considered when

developing tools for future scoping review-SRs.

A challenge of both scoping reviews and SRs are the substantial study methodological
conduct or reporting limitations, which we identified in the SR on on-farm use of CE,
although it appeared that these aspects improved over time, particularly for studies
published after 2000. These are encouraging findings and suggest that further
improvement might be possible. Guidelines have recently been published for authors,
specific to human health research, for randomized controlled trials (CONSORT
statement) (Equator network, 2009), observational studies (STROBE) (Equator network,
2009) and other types of studies, including SRs and meta-analyses (PRISMA) (Moher et
al., 2009), in order to improve the reporting and overall utility of research. Other
researchers have recently advocated for similar initiatives in animal health (Sargeant et
al., 2009a; Sargeant et al., 2009b). The implementation of such initiatives in practice
would also improve the strength of future SR-meta-analyses conducted in this field.
Before such guidelines become available specifically for animal health, the journal
editors and researchers in this field should be encouraged to apply modified versions of

the Equator guidelines.
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The complexity of the scoping review-SR increased the time to completion of each step
of the review, and as a result, the review took longer than expected. A large number of
reviewers were required to complete the scoping steps, RS 1 and 2, in a timely manner,
due to the large number of abstracts/papers that entered these levels, 12,982 and 1,255,
respectively. Similarly, a large number of trained epidemiologists were required for the
methodological assessment of relevant papers included in the rigorous SRs. In our study,
most reviewers were graduate students, including the review manager, and worked on the
project in a part-time capacity. Many of these students required basic training in SR
methodology in addition to training on specific review tools. At each stage of the review,
new reviewers were generally slower than more experienced reviewers, which had a
significant impact on the speed of each stage of our review. A full-time review manager
and experienced reviewers would significantly decrease the time it takes to complete both
a scoping review (three to six months) and the prioritized SRs, depending on the breadth
of the topic and available of primary research. Manpower availability should be
addressed prior to initiating a scoping review-SR. When evaluating how much
manpower is available, time should be allocated to each reviewer for pre-testing,
reviewing and resolving conflicts at each level of the review, and to the review manager
for maintaining communication among the team, as these aspects can each take a

significant amount of time.

The scoping review-SR approach is appealing for broad microbial food safety topics. In
order for decision-makers to confidently develop guidelines or control programs

addressing complex microbial food safety topics, the best available evidence are needed
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for further evaluation within a specific context. An enormous amount of primary
research typically exists within a single topic area, and research synthesis methodology
frameworks provide a logical way for utilizing these data and translating scientific
evidence into practice and/or policy. This approach should also be considered as a
standard tool for generating evidence-based inputs for QRAs, in which a variety of
control options spanning across the food production chain could be evaluated. The main
stakeholders in microbial food safety likely spend substantial resources on
commissioning literature reviews on broad microbial food safety topics. While an initial
scoping review and individual SRs require substantial time and resources, the advantage
of the approach is that it can be updated in a replicable manner summarizing new effect
estimates and updating knowledge gaps as new primary research becomes available.
Concurrently, this would allow the update of existing risk assessments and/or
re-evaluation of decisions based on updated evidence. In the EU, Australia and US,
government-based research synthesis and translation infrastructures have already been
developed in support of transparent evidence-based policy making in health care and
public health sectors. There is a need for government stakeholders responsible for
microbial food safety and veterinary public health in Canada and elsewhere to consider
the same. Researchers and funding agencies will also benefit from this approach as
transparently identified knowledge gaps and future research needs will guide funding
organizations on spending their dollars effectively for the most efficient advancement of

scientific knowledge.
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When to consider doing a scoping review is a question that requires careful consideration
of the issue to be scoped (long-term questions may need to be updated etc.), available
manpower, who the stakeholders are and if the scoping outputs are going to answer their
question(s). Some topics, such as Salmonella in broilers, is of international interest, thus
international teams may be the most appropriate and effective use of resources for many
complex and difficult microbial food safety issues. It is likely that national governments
or international organizations are good candidates to execute this type of work because
the products will be publically accessible, the data will remain in the organization and
can be utilized or updated by any individual at any point in the future. This type of
methodology is ill-suited for the current structure of academia as the sheer number of

people required to conduct these reviews is prohibitive.

The use of existing electronic review formats is very helpful in managing large reviews;
however, their further advancement would make both scoping reviews and SRs more
feasible in the future. Currently, citations and abstracts can be loaded into electronic SR
programs for reviewing. Logic statements can be developed at each stage of the review,
and programs will automatically exclude or pass citations into the next level of the
review. However, at this time, the software does not handle broad scoping reviews well
at the later stages when the project needs to branch into specific SRs. This currently is
largely managed manually by the review manager which takes a great deal of time and
can increase the risk of error. In addition, there would be less emphasis on the reviewer

to remember which questions do or do not apply to the paper being reviewed.
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CONCLUSION

Scoping reviews are a relatively new research synthesis method that has been used
primarily in the nursing and other health care sectors (Katz et al., 2003; Arksey and
O'Malley, 2005; Anderson et al., 2008; Davis et al., 2009). In this study, we applied a
scoping review on the broad microbial food safety topic, Salmonella in broiler chickens.
The primary research characteristics underpinning intervention, risk factor and
prevalence studies were summarized and mapped out using a replicable review process.
Evidence maps were evaluated by the research team to prioritize the questions for
rigorous SRs, to assess the availability of potential inputs for a complementary risk
assessment, and to identify the main knowledge gaps and future research needs. Our
experience suggests that the utility of scoping reviews will be higher if brief and basic
methodological assessment are included in the scoping review process as part of or
immediately following RS 2, so improved maps are produced with information as to the
data available for rigorous SRs. Currently, the scoping review is used in a number of
different ways and a good deal of discussion centers around the level of detail that can be
or should be extracted. Some proposed methods mirror the equivalent of what a full SR
would extract, while others border on not being useful because not enough information is
extracted (Arksey and O'Malley, 2005). The methodological framework for scoping
reviews is still being developed and there is debate over whether they are part of an on-
going process or a stand-alone activity. The first evaluates the range, extent and nature of
the research under the broader question and helping to inform the value of undertaking
one or more SRs, essentially making scoping reviews part of an on-going process rather

than a stand-alone activity where the level of detail extracted borders on a full SR
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(Arksey and O'Malley, 2005). Nevertheless, this approach is appealing for addressing the
broader microbial food safety topics with ambiguous or contradictory evidence, and when

consensus among multiple stakeholders is necessary for action development.
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Table 2.1.

Three topic-related areas selected for a scoping review

Broad topic (* identifies terms with specific definitions)

Salmonella* in broilers* from farm-to-secondary processing*

Refined questions (* identifies terms with specific definitions)

1) Which interventions* have been shown to be effective at reducing Salmonella*

in broilers* from farm-to-secondary processing*?

2) What is the prevalence* of Salmonella* in broilers* from farm-to-secondary

processing*?

3) What are the risk factors* for Salmonella* colonization and infection in broilers*

from farm-to-secondary processing*?

Definitions

Salmonella  All serovars of public health importance should be included. S.
Pullorum and S. Gallinarum are not of public health importance

Broiler All conventional chicken or broiler eggs intended for meat production
or examination of raw chicken products. Includes general terms such
as poultry. Organic chicken products (free range, all natural,
antibiotic free, antimicrobial free) are not included.

Farm-to- Includes studies performed at breeding farms, hatcheries, grow-out

secondary

processing  farms, catching and transport to slaughter, live-bird supply to the

slaughterhouse (lairage), all slaughter, evisceration, wash, and chilling
activities up to secondary processing. Secondary processing includes

cut-up, de-boning, partitioning and grinding of raw chicken carcasses.
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Intervention Most often studied as controlled trials or challenge trials. In some
cases, cohort study designs may be used to evaluate an intervention.
Some will be conducted under field conditions and others under lab or

unnatural conditions (such as a research farm).

Prevalence  Often follow cross-sectional designs, but there are several types: one
measure at one stage in the processing chain, multiple measures
(longitudinal) at one stage in the processing chain, single measure at
more than one stage in the processing chain (multi-stage prevalence),
and multiple measures (longitudinal) at more than one stage in the

processing chain (multi-stage prevalence).

Risk factors Most likely refer to observational studies (cross-sectional, cohort,

case-control). Some studies may model a number of risk factors.
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Table 2.2. The number of electronic hits before and after de-duplication in a scoping
review of Salmonella in broiler chickens

Population Outcome Database # of hits

Chick* OR Salmonell* CAB 9,656

Poultry* OR Scopus 4,974

Broiler* OR PubMed 4,239

Gallus* Agricola 3,086
Current Contents 2,467
CAB Global Health 2,489
TOTAL 26,911
DE-DUPLICATED 12,957
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Table 2.3. Number of new hits, obtained citations and relevant abstracts from
selected literature reviews included in the search verification of a scoping
review of Salmonella in broiler chickens

Item searched # hits” # obtained” # relevant’

General review articles

Burnham, V.E., 2007 0 0 0
Bolder, N.M., 2007 7 2 0
Maijala, R., et al., 2005 1 0 0
Nash, W.A., 2004 0 0 0

Competitive exclusion
Schneitz, C., 2005 8 0 0
Revolledo, L., et al., 2006 1 1 0

Competitive exclusion and antimicrobials

Fowler, N.G., 1992 0 0 0
Antimicrobials

Ricke, S.C., et al., 2005 3 2 0
Naidu, A.S., et al., 2003 0 0 0

Other feed and water additives

Van Immerseel, F., et al., 2006 3 2 0
Bacteriophage/bacteriocins

Greer, G.G., 2005 0 0 0
Treatment spraying/dipping

Capita, R, et al., 2002 1 0 0
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General processing articles

Rasekh, J., et al., 2005 4 2 0
Mead, G.C., 2004 1 0 0
Fries, R., 2002 7 4 0
Total 36 13 0

! The number of citations that were located in the item, that were not found in the original search conducted
in December, 2007

% The number of citations for which abstracts were found

3 The number of abstracts that passed relevance screening levels one and two, of the citations for which

abstracts were found
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Table 2.4. Number of new hits, obtained citations and relevant abstracts from
selected chapters of a text book included in the search verification of a
scoping review of Salmonella in broiler chickens (Mead, 2005)

Item searched # hits' # obtained” # relevant’
Chapter 1 7 3 0
Chapter 5 0 0 0
Chapter 6 0 0 0
Chapter 7 0 0 0
Chapter 8 0 0 0
Chapter 9 1 0 0
Chapter 10 0 0 0
Chapter 13 2 2 0
Chapter 14 7 3 0
Chapter 15 1 1 0
Chapter 16 0 0 0
Chapter 17 7 3 0
Chapter 18 0 0 0
TOTAL 25 12 0

! The number of citations that were located in the item, that were not found in the original search conducted
in December, 2007

2 The number of citations for which abstracts were found

3 The number of abstracts that passed relevance screening levels one and two, of the citations for which
abstracts were found
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Table 2.5. Scoping review-systematic review summary of intervention, risk factor
and prevalence research for Salmonella in broilers from farm-to-secondary

processing

Category Stage of review

RS2 MA? DE’
CE 192 192 149*
Other additives 114 112° 94°
Antimicrobials 89 87’ 59°
Vaccination 62 62 -2
Biosecurity 19 19 -2
Feed withdrawal 17 --10 =10
Bacteriophage/bacteriocins 8 -0 10
Other!! 90 .10 .10
TOTAL FARM INTERVENTIONS 591 472 302
Treatment spraying/dipping 75 69" 39"
Chilling 37 331 28"
Scalding 21 16 117
Final wash 7 6' 6
Reprocessing 5 5 5
Other"” 12 12 7%
TOTAL PROCESSING INTERVENTIONS 157 141 96
TOTAL INTERVENTIONS 748 613 398
Prevalence inside NA%! 73 73 63%
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Prevalence outside NA® 127 -0 10

TOTAL PREVALENCE 200 73 63
Risk factors inside NA?* 14 14 9%
Risk factors outside NAZ® 16 10 .10
TOTAL RISK FACTORS 30 14 9

! Relevance screening at level two

2 Methodological assessment

3 Data extraction

* 40 studies contained no data, 2 studies did not use a control group and 1 study was a duplicate
52 relevant studies could not be obtained

¢ 18 studies contained no data

72 relevant studies could not be obtained

¥ 28 studies contained no data

® Data extraction is on-going for this intervention

' This intervention was not prioritized for rigorous systematic review

! The other category at the farm level includes a variety of less popular interventions, such as genetic
studies

126 relevant studies could not be obtained

1326 studies contained no data and 4 studies did not use a control group

'4 4 relevant studies could not be obtained

' 5 studies contained no data

16 5 relevant studies could not be obtained

'7'5 studies contained no data

'8 1 relevant study could not be obtained

1 The other category at the processing level includes a variety of less popular interventions, such as a
steam chamber

2 5 studies contained no data

2! prevalence inside of North America

22 6 studies contained no data and 4 studies contained environmental samples only

2 Prevalence outside of North America

2 Risk factors inside of North America

3 3 studies contained no data and 2 studies contained environmental samples only

%6 Risk factors outside of North America
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Table 2.8. Questions and responses from the methodological assessment of
competitive exclusion studies included in a systematic review of

Salmonella in broiler chickens

1

Criteria Responses
# trials %
Was the sample size justified? Yes 0 0
No 2789 100
Was the representativeness of the sample Yes 26 <1
population to the target population explained
and sufficiently justified? No 33 1
N/A 2730 98
Were the birds housed, grouped or Yes 55 2
slaughtered in a way that is representative of
field conditions? No 2734 98
How was the intervention assigned to the Random 71 3
experimental unit?
Reported random 790 28
Systematic 0 0
Convenience 1926 69
N/A 2 <1
Were the intervention protocols described in ~ Yes 1698 61
sufficient detail to allow reproduction of the
experiment? No 240 9
Reference paper 849 30
N/A 2 <1
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Was the challenge protocol adequately
described so that the challenge could be
reproduced?

Were laboratory methods used to determine
the outcome described sufficiently to allow
replication of the study?

Did the author report that blinding was used?

Was the statistical analysis described
adequately so it can be reproduced?

Based on the study design, was clustering
accounted for appropriately in the analysis?

TOTAL TRIALS

Yes

No

Reference paper
N/A

Yes

No

Reference paper
Yes

No

N/A

Yes

No

Reference paper
No analysis

Yes

No

N/A

1856
220
646
67
1345
355

1089

2780

1471

141

1169
162
359

2268

2789

67

23

48

13

39

<1

100

53

<1

42

13

81

! For detailed explanation see Appendix 4
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Relevance Screening — Level One
1,255/12,982 abstracts relevant

y

Relevance Screening — Level Two
978/1,255 studies relevant g

y

y

Excluded studies (277 studies):

n= 124 did not meet RS 1 criteria
n=41 intervention studies in vitro
n=23 prevalence papers sampling
location not reported

n=33 prevalence papers proportional
morbidity

n= 56 prevalence papers missing a
numerator or denominator

y

Prioritization for systematic

review (639 studies):
n= 192 competitive exclusion
n= 114 other feed/water additives

n= 89 antimicrobials

n= 75 treatment spraying/dipping
n= 37 chilling

n= 21 scalding

n= 7 final wash

n= 5 reprocessing

n=12 processing ‘other’
n= 73 prevalence in North
America

n= 14 risk factors in North
America

Excluded studies (169 studies):

Interventions Risk factors Prevalence
748 studies |" 30 studies 200 studies
y
Methodological Assessment )
. 639 studies
y \ 4 \ 4
Interventions Risk factors Prevalence
398 studies 9 studies 63 studies
v
Data Extraction
470 studies
Figure 2.1.

n= 136 no data

n= 6 no control group

n=1 duplicate

n=20 could not obtain paper
n=6 prevalence studies only
included environmental samples

Scoping review of Salmonella in broiler chickens results summary
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CHAPTER THREE

A SYSTEMATIC REVIEW-META-ANALYSIS OF ON-FARM USE OF
COMPETITIVE EXCLUSION ON SALMONELLA PREVALENCE AND
CONCENTRATION IN BROILER CHICKENS

ABSTRACT

The effectiveness of various competitive exclusion (CE) products for reducing
Salmonella colonization in broiler chickens was evaluated using a systematic review-
meta-analysis (SR-MA). Relevance screening identified 192 relevant studies that
underwent methodological assessment. Of these studies, 149 were suitable for data
extraction, 59 are presented in a number of MA’s and 104 were examined in a meta-
regression (MR). Fifteen different CE products were identified, and the most common
route of administration was oral gavage (65% of trials). The MA indicated that a number
of defined CE products reduce Salmonella colonization in broilers. Undefined CE
products outperformed all defined products, except for a continuous-flow culture, CF3.
Broilers treated with CF3 were 1.6 times less likely to become colonized with Salmonella
than those treated with an undefined product. Administration of CE through feed and
water was as effective as through oral gavage. Six study (study design, publication year,
population type, CE product type, route of CE administration, Salmonella serovar
administered/recovered) and three methodological soundness characteristics (treatment
assignment, intervention and laboratory methods description) were included in the final
MR model. The results from the MA might guide the on-farm use of CE products in

broiler chickens, or act as inputs for risk assessments. The MR results improve overall
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understanding of existing on-farm CE research and provide useful information for

designing new intervention research in this area.

INTRODUCTION

Over the past two decades Salmonella has become a major global food safety challenge
for the agricultural industry, particularly the poultry industry. The industrialization of the
poultry industry has led to methods that focus on production efficiency and profitability.
As a result, conditions, such as highly sanitized facilities and a lack of contact with
breeder birds, slow the development of normal, mature cecal microflora (Nurmi and
Rantala, 1973; Mead, 2005). This slow development increases the susceptibility of
chicks to colonization with a variety of enteric bacteria, including Salmonella (Barnes et
al., 1972; Blankenship et al., 1991; Schneitz and Mead, 2000). Thus, provision of a

protective microflora is a conceptually appealing prospect for Salmonella control.

Originally, competitive exclusion (CE) products were cecal contents from healthy adult
chickens suspended in an aqueous solution, then serially cultured under anaerobic
conditions and consisting of a complex mixture of intestinal bacteria (Jeffrey, 1999;
Mead, 2000). Since these products include most elements of the normal microflora, they
are highly compatible with recipient birds (Mead, 2000). However, there is some
concern with undefined products as their exact composition is unknown and harmful
pathogens might be part of their composition, thus extensive testing must be conducted
before a product is commercialized (Jeffrey, 1999; Mead, 2000; Mead, 2005). Screening

can be costly, and it is questionable whether all pathogens can be identified by current
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methods and it is difficult for the industry to keep up with an increasing list of possible
pathogens (Jeffrey, 1999; Mead, 2000). In addition, testing may be unnecessary, for
example, the use of undefined products was shown to be safe and effective in Sweden’s
comprehensive and mandatory Salmonella eradication control program between 1981 and
1990 (Blankenship et al., 1991; Wierup et al., 1992; Mead, 2000} Mead, 2005; Sternberg

Lewerin et al., 2005).

For widespread commercial use, it is widely accepted that an equally effective, defined
CE product, known to be free of human and avian pathogens and undergoing quality
control during production, would be preferable to an undefined CE product (Jeffrey,
1999; Mead, 2000; Mead, 2005). In recent years, a variety of defined mixtures of
bacteria for use as CE products has been developed and patented (Jeffrey, 1999).
However, researchers have had difficulties in maintaining a stable culture of the strains
required to confer protection to Salmonella. As a result, some research groups applied
continuous culture techniques, but this can limit the number of bacterial strains that can
be maintained in the culture, reducing the efficacy of the resulting CE product (Jeffrey,

1999).

Over the last two decades, a considerable amount of research has been conducted
investigating the effectiveness of various CE products, resulting in different and often
contradictory recommendations. Better understanding of the comparative effectiveness

of the undefined and defined products based on the existing information is necessary to
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ensure the on-farm use of the most effective products, and to identify the current gaps in

knowledge and future research needs.

Systematic review-meta-analysis (SR-MA) is a transparent and replicable research
synthesis method that is often used to determine the effectiveness of interventions
(Sargeant et al., 2006; Centre for Reviews and Dissemination, 2009). When used
appropriately, SRs reduce the bias in the interpretation of findings from a pool of studies
by following a structured, transparent and replicable methodology in which each step is
conducted independently by at least two reviewers (Mulrow, 1994; Sargeant et al., 2006).
A MA allows the results from multiple, independent studies, identified and critically
appraised in a SR, to be combined in homogeneous pools in order to generate a more
precise overall estimate of the effectiveness of the intervention (Borenstein et al., 2009;
Crombie and Davies, 2009). Although the effectiveness of CE at reducing Salmonella
colonization in poultry has been explored in narrative, expert-based literature reviews or
commentaries (Fowler, 1992; Stavric and D'Adust, 1993; Mead, 2000; Schneitz, 2005;

Revolledo et al., 2006), to the best of our knowledge, none has used a SR-MA approach.

The main objectives of this study were to: identify, appraise and summarize the findings
of primary research investigating the on-farm use of CE and its effect on Salmonella
prevalence and concentration in broiler chickens using a SR; when possible,
quantitatively evaluate the effectiveness through MA of various types of CE at reducing

Salmonella colonization in broiler chickens; and assess potential associations between
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various individual study design and methodological soundness characteristics with the

reported effectiveness of the treatment through meta-regression (MR).

METHODOLOGICAL APPROACH

The review team and question development

The review team consisted of professionals with extensive expertise in epidemiology,
microbiology, poultry production and management, SR, and literature search. An a
priori developed protocol was pre-tested at each step of the review addressing the
following question: What is the effectiveness of the on-farm use of various CE products
on Salmonella prevalence and concentration in broiler chickens from farm-to-secondary
processing? This SR-MA was part of a scoping review addressing the broader topic of

Salmonella in broiler chickens (Chapter 2).

Literature search strategy

A simple search strategy, implemented in December 2007, was conducted in PubMed
(1860-2007), Agricola (1924-2007), Current Contents (1999-2007), Scopus (1960-2007),
CAB (1913-2007) and CAB Global Health (1971-2007). The algorithm included one
broad outcome and four broad population terms (Table 3.1.). No time period or language

restrictions were used at this stage.

Search verification included hand-searching reference lists of three literature reviews,
published after 1990, addressing CE use in poultry (Table 3.2.) (Fowler, 1992; Schneitz,

2005; Revolledo et al., 2006), as well as four general Salmonella in poultry reviews
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(Nash, 2004; Maijala et al., 2005; Bolder, 2007; Burnham, 2007). The reference lists of
selected chapters (1, 5-10, 13-18) of a recently published and relevant text book were also
hand-searched (Table 3.3.) (Mead, 2005). All citations identified during search
verification and not already captured in the electronic searches were obtained, if possible,
and subjected to the outlined review process. Five topic experts were selected based on
their publications related to the topic, or involvement in control programs for Salmonella
in broiler chickens and contacted via email in June, 2009. They were informed of the
study purpose and asked to share with the research team any information regarding on-

going or unpublished research, or to name researchers with current projects.

Relevance screening

Two levels of relevance screening (RS) were conducted as part of a broad scoping review
(Chapter 2). Relevance screening 1 was conducted on abstracts to identify primary
research in English relevant to interventions, risk factors or prevalence of Salmorella of
public health importance in broiler chickens from farm-to-secondary processing
(Appendix 1). Studies were excluded from the SR if CE was investigated through an in

vitro experiment.

Relevance screening 2 was conducted on the full papers to confirm relevance and to
categorize captured research by topic area, point in production chain, type of
intervention, and type of outcome, continent and time period for prevalence and risk
factor studies (Appendix 2). Based on the overall breadth and distribution of evidence at

this level and biological relevance, the research team prioritized specific interventions at
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the farm and processing levels for rigorous SRs (Chapter 2). The focus of this review is

the on-farm use of CE products.

Methodological assessment and data extraction

All relevant primary research articles were assessed for methodological soundness using
study design-based criteria (Appendix 4). Two of 28 questions were used as exclusion
criteria; if an appropriate control group was not used, or raw/unadjusted or adjusted data
and measures of variability were not reported. Only studies that met these criteria
proceeded to data extraction. The data extraction tool used in this SR is shown in

Appendix 5.

Review management

Citations were imported into the reference manager Procite 5.0 (Thomson ResearchSoft,
Philadelphia, PA) and de-duplicated. The SR was managed in the online program SRS
4.0 (TrialStat! Corporation, Ottawa, ON). Pre-testing included 87 abstracts (RS 1 and 2),
15 full papers (methodological assessment) and 4 full papers (data extraction). All
previously described steps, except for the search strategy, were conducted by two
independent reviewers, after adequate agreement (kappa > 0.8) was achieved among
reviewers at pre-testing. A total of 19 reviewers contributed to the various steps of the
SR. During this process all disagreements were resolved by consensus or a senior team

member resolved the conflict.
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Data analysis

The extracted data were exported into MS Excel (Microsoft Corporation, Redmond, WA)
spreadsheets and cleaned, and all the analyses were performed in the statistical package
Stata 10 (Stata Corporation, College Station, TX). Many studies reported multiple
treatment comparisons or replicates (trials), which were extracted as unique trials for
analytical purposes. Crude odds ratios (OR) and standard errors were calculated for trials
that provided complete, raw prevalence data for both the control and treatment groups

and concentration data were transformed to log base 10 values.

The descriptive statistics and evidence maps were evaluated for identifying biologically
sensible data subsets for MA. All CE trials were descriptively summarized and the
dataset was stratified by type of outcome (prevalence or concentration), study design
(challenge or controlled trial) and type of CE product (undefined or defined). Each
stratum was further sub-grouped based on the time the Salmonella outcome was
measured after treatment administration (0-42 days vs. >43 days post-treatment) to
compare the effectiveness of the product over time. Studies were excluded from the MA
if: a second intervention was measured in combination with CE; the study population that
was administered CE was other than day old chicks; the sample type was not cecal
contents, ceca or cecal tonsils; or the reported outcome was an infection/protection factor.
Samples such as liver and spleen were excluded as they are biologically different than the

included samples.
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A random effects MA was conducted within each biologically sensible stratum (data
subset) if estimates were available from two or more studies. It was decided a priori that
random effects was the most appropriate approach based on the assumption that
heterogeneity existed in the trials. A fixed effects model was also explored; however,
only the random effects model is reported in this paper, as it was the more conservative
approach. For each analysis, a pooled estimate (OR, mean difference) and forest plot was
calculated using the DerSimonian and Laird (D-L) method. Cochran’s Q statistic and I
(the percentage of total variation between studies due to heterogeneity) were used to
evaluate heterogeneity (Higgins et al., 2003). Pooled estimates were reported if
heterogeneity was considered acceptable (p-value for Q statistic >0.1) (Sutton et al.,
2000). If the 95% confidence interval of the pooled estimate excluded the null value, the
estimate was considered statistically significant. The results were not reported for a pool
of trials investigating the use of undefined CE products and reporting a prevalence
outcome because such practice is not reproducible in farm settings. Forest plots were
presented primarily for illustrative purposes. The possibility of publication bias was
evaluated in both the prevalence and concentration datasets using Begg’s rank correlation

test and Egger’s regression test.

A random effects MR was conducted on the trials reporting a prevalence outcome
(n=1,794 trials), using the restricted maximum likelihood (REML) method (Metareg,
Stata 10, Stata Corporation, College Station, TX). No MR was conducted on the trials

reporting concentration as the outcome, due to a small number of trials.
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Study design and methodological characteristics (Table 3.4.) were evaluated to determine
potential associations between these variables and the reported effectiveness of CE
treatment (OR), in all CE trials where broiler chickens were the unit of analysis. These
variables were selected based on biological relevance, completeness of records (i.e., no
missing values) and variability of responses between studies. Variables with missing
data, or homogeneous responses across trials were excluded from the MR. Unconditional
associations between each predictor variable and the effectiveness of CE treatment were
screened for significance (p<0.15) in univariable regression models. Statistically
significant variables (p<0.05) were included in a multivariable model. A main effects
model was developed using a backwards stepwise selection process. Currently, no valid

sensitivity analyses exist for this type of model, and thus, none were conducted.

RESULTS

Literature search and relevance screening

The SR process is shown within the context of a comprehensive scoping review (Chapter
2) in Figure 3.1. The search strategy, after de-duplication, resulted in 12,957 citations.
The search verification resulted in 61 potentially relevant citations that were not captured
through the electronic searches, of which, only 25 were successfully procured
(n=12,982). Abstract-based RS 1 was performed on all 12,982 abstracts, and RS 2 on the
1,255 full papers that passed RS 1. Among 748 papers that reported various farm-to-
processing interventions, 192 evaluated the effectiveness of the on-farm use of CE in
broiler chickens. All 192 citations are reported in Appendices 10 and 11. Two topic

experts provided seven relevant, unpublished studies. None of these studies reported
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enough data to evaluate the study methodological soundness and none were included in

the analysis.

Descriptive data summary

Of the 2,789 trials, 18% were published in the year 2000 or later, 69% were conducted in
either Canada or the US and 96% used day old chicks as the study population. A total of
22% of the trials used a laying breed as the experimental population, and these are
identified in Appendix 11. Fifteen unique CE products were examined, with an
undefined, chicken related source, as the most common (63%) (Table 3.6.). The most
common route of CE administration was oral gavage (65%) (Table 3.7.). A variety of
sample types were collected to measure the Salmonella outcome, with cecal contents as
the most frequent (28%), followed by ceca (26%) and cloaca (23%) (Table 3.8.).
Sampling was conducted at various times, ranging from 0-7 days post-treatment (21%) to
more than 84 days (<1%) (Table 3.9.). The variability of studies evaluating the
effectiveness of CE is mapped out in Figure 3.2. using a single CE product (FM-B11) as

an example.

In 78% of the trials, CE was administered to the chicks one time only, in the first 24
hours of life; and, in 72% of trials, chicks only received the CE treatment. The other 28%
also received an additional intervention during the study period, most often other feed
and water additives (66% of combination interventions), vaccination (15%),
antimicrobials (11%), feed withdrawal (7%), and bacteriophages (1%). Within each

combination intervention, a variety of products were used. For example, of 253 trials that

84



evaluated CE in combination with another feed or water additive, 10 additives were
evaluated. The majority of these combination interventions evaluated an undefined CE
product with lactose (n=119 trials). Figure 3.3. displays the heterogeneity of the
combination interventions. Among all trials, the most commonly recovered serovars
were S. Typhimurium (47%), S. Enteritidis (29%) and S. Infantis (13%). Other recovered
serovars each comprised less than 5% of the total. Among challenge trials, the two most

common administered serovars were S. Typhimurium (43%) and S. Enteritidis (22%).

Methodological assessment

Of 192 relevant CE studies that were assessed for methodological soundness, 149 were
suitable for data extraction (n=40 no data, n=2 no control group, n=1 duplicate that was
missed at the de-duplication stage) (Appendix 10). The 149 papers reported 2,789 unique
trials (range 1-214 trials/per study; mean=19 trials/study) (Chapter 2). The Salmonella
outcome was measured either as prevalence (1,794 trials), concentration (300 trials) or

infection/protection factors (695 trials), which are geometric means.

Several consistent methodological soundness issues were observed for primary research
investigating the effectiveness of CE. None of the CE trials (n=2,789) provided
Justification for the sample size and in 55% of the trials a sample size of 30 chicks or less
was used. The majority of CE trials (98%) were conducted in laboratory facilities that
were not representative of commercial broiler chicken production. Broiler populations
were randomly assigned to treatment groups in only 3% of trials, and another 28% of

trials reported random treatment assignment, but did not provide an explicit definition of
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the treatment allocation process. Additionally, the use of blinding was almost never
reported in the studies. Forty-two percent of the 2,789 trials did not report any statistical
analysis, and clustering was present and not controlled for statistically in 13% of the
trials. Intervention protocols, challenge protocols and laboratory methods were described
in sufficient detail for replication in the majority of the trials. More detailed information

about the methodological assessment of CE trials is shown in Table 3.5.

Meta-analysis

Of the 149 CE studies subjected to data extraction, 54 and 20 reporting prevalence and
concentration outcomes, respectively, were analyzed separately. Fifteen studies reported
both prevalence and concentration outcomes and are included in the above numbers, for a
total of 59 studies. Reasons for the exclusion of 90 studies are indicated in Appendix 11
and Figure 3.1. Challenge trials accounted for 51 of the 59 studies. Meta-analyses were
separately reported for Broilact, FM-B11, CF3 and Aviguard products using challenge
trials reporting prevalence outcomes. For FM-B11, CF3 and Aviguard, the treatment
effectiveness was evaluated at two time periods (0-42 days post-treatment; >43 days post-
treatment), whereas Broilact was only investigated between O and 42 days post-treatment,
as there was no primary research evaluating its effectiveness beyond this time period.
Within the time period from O to 42 days post-treatment, significant heterogeneity (Q <
0.1) was observed for the datasets reporting the on-farm use of Broilact, FM-B11 and
Aviguard, and thus, pooled MA estimates were not reported. After 42 days post-
treatment, pooled estimates were not reported for Aviguard for the same reason. Among

challenge trials reporting a concentration outcome, only one analysis was conducted on
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the commercial product CF3, which investigated its effectiveness at both time periods,
due to a lack of trials evaluating other CE products. This analysis revealed significant
heterogeneity and thus, a pooled MA estimate was not reported. Tables 3.10. and 3.11.
show the number of trials per product in the MA for prevalence and concentration data,

respectively.

The commercial product CF3 significantly decreased the prevalence of Salmonella
colonization in treated chicks compared to non-treated chicks at both time periods, and
FM-B11 at >42 days post-treatment. Meta-analysis results are reported in Tables 3.10.
(prevalence) and 3.11. (concentration) for strata (data subsets) in which Cochrane’s Q
statistic was not significant (p>0.1). Forest plots for all products, including undefined,
are shown in Figures 3.4. to 3.12., primarily for visual observation of trends. However,
pooled effect estimates are shown only for data subsets for which statistically significant
heterogeneity was not observed (Figure 3.6.). Begg’s rank correlation test and Egger’s
regression test detected publication bias in the concentration outcome dataset (Figure
3.13.), where studies with large sample size reporting less effectiveness might have been
missed. Publication bias was not detected in the prevalence outcome dataset (Figure

3.14.).

Meta-regression
From the initial 149 studies considered for MR, 104 studies (1,794 unique trials) were
included and are described in Table 3.4. The 45 studies were excluded because no

prevalence outcome was reported, either as raw data or adjusted data with measures of
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variability (Appendix 11). Study design, publication year, population type, type of CE
product, route of CE administration, serovar administered/recovered, method of treatment
assignment and reproducibility of intervention protocols and laboratory methods were the
significant predictors (<0.05) in the final multivariable model (Table 3.12.). The MR
showed no significant difference between trials that used a laying breed versus broiler

breed as the experimental population.

DISCUSSION

Overall, the MA indicated that a variety of defined CE products significantly decrease the
odds of Salmonella colonization in treated chicks as compared to non-treated chicks
across the entire life span. Our approéch to stratify a very heterogeneous dataset into
biologically sensible subsets for various defined CE products and to assess their
effectiveness over time frequently resulted in significant heterogeneity remaining in the
subsets and prevented reporting of more precise pooled effect estimates. A variety of
factors were tested through stratification and exclusion, for example serovar and route of
CE administration; however, this only resulted in substantial reduction in the number of
trials without changing Cochrane’s Q statistic for heterogeneity. We suspect that more
homogeneous strata could not be created for all of the products because of other factors
heavily influencing heterogeneity. One possibility is the dose of CE administration;
however, there was a lack of uniformity in this variable and it could not be categorized

for stratified MA or examined in the MR.
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The MR indicated that undefined CE products originating from a chicken source are
more effective than the commercial, defined products. The only defined product that
outperformed the undefined product was CF3, where chicks treated with CF3 were 1.6
times less likely than chicks treated with an undefined product to become colonized with
Salmonella. The inability of most defined products to outperform undefined products
may be a result of the difficulty that researchers had maintaining a stable culture of the
defined strains over time that confer resistance to Salmonella (Jeffrey, 1999) or defined
products may be missing an important component from the start. An important benefit of
defined CE commercial products is the quality control aspect of their manufacturing
process, which ensures that harmful human and avian pathogens are not present (Mead,
2005). As a result, products like CF3, which are both defined and as effective or more

than undefined products, are preferable for use by producers.

The methods of CE administration available for field use are very different from those
that are usually employed in laboratory settings, where accurate dosing of chicks is
necessary (Mead, 2000). Oral gavage was the most popular route of CE administration
identified in this study. However, results obtained using some of the more frequently
employed methods of administration in the field, for example, as additives in water or
feed, were not significantly different from those using oral gavage. One method,
however, was more effective at protecting chicks from colonization; chicks sprayed at the
hatchery and given oral gavage in the first 48 hours of life were 18.1 times less likely to
become colonized with Salmonella than the chicks only administered oral gavage in the

first 48 hours of life. However, this is a result of a couple very significant trials, and thus,
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this result should be interpreted cautiously. In addition, the MR showed that treatment of
broiler eggs was 2.4 times less effective than treatment of day old chicks. This indicates
that the use of oral gavage is not necessary in the field to gain the Salmonella protection
offered by CE treatment, but that treatment should be administered to chicks, as opposed

to spraying eggs, to maximize effectiveness.

The effectiveness of CE treatment was shown to vary depending on the type of
Salmonella isolated or used in the challenge. The MR showed a greater difference
between treatment groups when S. Enteritidis or S. Infantis was used in the study as
opposed to S. Typhimurium. The majority of research evaluated the effectiveness of CE
when applied to day old chicks that had been challenged with an antimicrobial resistant
strain of S. Typhimurium. Perhaps these resistant strains may be more difficult to treat
successfully with CE than non-resistant strains of S. Enteritidis or S. Infantis; however,
more research needs to be conducted to test this hypothesis and other characteristics of S.

Typhimurium may have an impact.

A large quantity of the primary research examining interventions to reduce Salmonella in
broilers were evaluating the effectiveness of various CE products in broiler chickens.
This is not surprising, given that contradictory recommendations regarding their use
currently exist, and it has been challenging to develop defined products that remain
effective over time (Jeffrey, 1999). Prior to 1990, the effectiveness of undefined CE
products was studied in Canada, the US, Europe and Australia. This coincides with the

use of undefined CE products as part of the mandatory Salmonella eradication program in

90



Sweden (Sternberg Lewerin et al., 2005). Since 1990, the use of CE has not been
permitted in Sweden, mainly because the products are not well-defined or sufficiently
validated to be licensed (Sternberg Lewerin et al., 2005). This probably contributed to
the shift in research from undefined to defined CE products. Simultaneously, an increase
in CE research was observed in other regions, including South America, Southeast Asia
and the Middle East, although these studies made up less than 10% of the total studies

identified.

Consistent issues with the methodological soundness of studies was observed, as a result
of both study conduct and poor reporting. For example, a lack of field studies conducted
under commercial conditions was observed, and in fact, the majority of CE studies were
conducted 1in research facility settings with small sample sizes that were not
representative of field conditions. The majority of trials were challenge trials, with a
small number of controlled trials. Controlled trials tend to be more representative of field
conditions, and offer stronger support to the reported effectiveness of the treatment.
Members of the industry indicated that work carried out in the field, often as controlled
trials, is kept confidential by large integrated poultry companies (Sue Reynolds,
Microbial Developments Ltd., Worcestershire, UK, personal communication), and
therefore, is not captured in this study. In the future, these integrators should be
encouraged to share their knowledge with the research community. The lack of large
experiments and field studies was also indicated by Begg’s rank correlation and Egger’s
regression test suggesting publication bias for the prevalence outcome dataset.

Conducting such studies and publishing the results irrespective of their significance
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would result in stronger MA and better understanding of the effect of on-farm CE on

Salmonella prevalence and concentration in broiler chickens.

These methodological issues may compromise the external validity of the overall effect
estimates obtained through the MA. In order to strengthen external validity, more field
studies should be conducted with large populations of chicks under natural exposure to
Salmonella, preferably with a wide range of Salmonella serovars. Ideally, a variety of
study designs, including experimental and observational designs, particularly cohort
studies, would support the conclusions. This is particularly important given that the MR
indicated significant differences in the effectiveness of CE products based on study
design. Broilers were 2.5 times less likely to become colonized with Salmonella after CE
treatment in challenge trials (artificial infection) than natural infection in controlled trials.
This may be a result of the small sample sizes included in the challenge trials, or the

sanitized laboratory settings these studies were conducted in.

Where available, variables assessing the methodological soundness of trials were
examined in the MR, but this was often not possible due to lack of variation in data.
Variables with enough variation in responses between trials were included in the MR
(trial sample size, method of treatment assignment, intervention protocol and laboratory
methods descriptions) and the latter three were significant in the final model. The
effectiveness of CE treatment was associated with method of assignment of chicks to
treatment groups in trials, where trials that reported and described random assignment to

treatment groups showed treatment to be more effective. Broilers in trials that reported
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assignment to treatment groups was random but did not describe the allocation process or
where a convenience approach was used were 5 to 6 times more likely to become
colonized with Salmonella than chicks in trials that adequately described the random
allocation process. This may be a result of different baseline prevalence in groups where
random assignment was not used, particularly since baseline prevalence was not
measured in chicks after challenge but prior to assignment in 36% of the trials. In trials
that described intervention protocols and laboratory methods in sufficient detail to be
replicated, broilers were more likely to become colonized with Salmonella than in trials
that did not do so. It is possible that studies that reported laboratory test protocols in
detail had used more sensitive culture for the detection of Salmonella. The overall
methodological soundness results show the importance of methodological assessment of
studies included in literature reviews as the study conduct or reporting aspects might be

associated with the reported effectiveness of CE products.

Due to financial and time constraints, studies not published in English were excluded
from this SR-MA. A total of 242 non-English citations, titles or abstracts, were identified
during RS 1 as primary research investigating various types of interventions for
Salmonella in broilers from farm-to-secondary processing, of which, 32 potentially
evaluated CE and were not evaluated as full papers. Although the effect of excluding
non-English language studies on the overall effect estimates of this study is unknown,
other research showed that, if anything, it can lead to more conservative estimates of

treatment effects (Juni et al., 2002). In an up-dated SR-MA, securing funding for
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translation of non-English language studies evaluating the effectiveness of CE products

would strengthen the results reported in this paper.

Estimates reported from our MA should be interpreted cautiously, as calculations were
based on crude ORs calculated post hoc in the prevalence outcome dataset, and although
a random effects model was used, heterogeneity was present in some of the strata. In
addition, some, but not all, studies reported more than one trial. As a result, statistical
clustering may exist in the data because the results from multiple trials reported in the
same study may not be statistically independent. This relationship was not quantified in
the MR to avoid partitioning too much variance to the study level, since the number of
trials was not consistent across studies (range 1-214 trials/study; mean=19 trials/study).
When the clustering was accounted for in univariable analyses and compared to the
reported MR, only a small change was observed in the coefficients, suggesting that

clustering did not affect our results.

CONCLUSION

The SR captured a large quantity of data evaluating the effectiveness of CE in broiler
chickens. Overall, the MA-MR indicated that commercial CE products were effective at
protecting broilers from Salmonella colonization over time, by a variety of administration
routes, however, only CF3 was significantly more effective than undefined products
originating from chicken sources. Six study characteristics (study design, publication
year, population type, type of CE product, route of CE administration, Salmonella serovar

administered/recovered) and three study methodological soundness characteristics
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(method of treatment assignment, replicable description of intervention protocol and

laboratory methods) were included in the final model.

The methodology used in this study was useful for obtaining more precise estimates of
the effectiveness of certain CE products at reducing Salmonella colonization in chicks,
and for exploring the factors associated with their variability. The study results may
support future guidelines on the on-farm use of CE in broiler chickens, or act as input
parameters in a risk assessment. The results from the MR provide useful information for
the interpretation and future design of primary research evaluating the effectiveness of

CE products.
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Table 3.1. The number of electronic hits before and after de-duplication in a scoping
review of Salmonella in broiler chickens

Population Outcome Database # of hits

Chick* OR Salmonell* Current Contents 2467

Poultry* OR Agricola 3086

Broiler* OR PubMed 4239

Gallus* Scopus 4974
CAB 9656
CAB Global Health 2489
TOTAL 26,911
DE-DUPLICATED 12, 957
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Table 3.2. Number of new hits, obtained citations and relevant abstracts from
selected literature reviews included in the search verification of a scoping
review of Salmonella in broiler chickens

Item searched # hits" # obtained* # relevant’

General review articles

Burnham, V.E., 2007 0 0 0
Bolder, N.M., 2007 7 2 0
Maijala, R., et al., 2005 1 0 0
Nash, W.A., 2004 0 0 0

Competitive exclusion
Schneitz, C., 2005 8 0 0
Revolledo, L., et al., 2006 1 1 0

Competitive exclusion and antimicrobials

Fowler, N.G., 1992 0 0 0
Antimicrobials

Ricke, S.C, et al., 2005 3 2 0
Naidu, A.S., et al., 2003 0 0 0

Other feed and water additives

Van Immerseel, F., et al., 2006 3 2 0
Bacteriophage/bacteriocins

Greer, G.G., 2005 0 0 0
Treatment spraying/dipping

Capita, R, et al., 2002 1 0 0
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General processing articles

Rasekh, J., et al., 2005 4 2 0
Mead, G.C., 2004 1 0 0
Fries, R., 2002 7 4 0
Total 36 13 0

! The number of citations that were located in the item, that were not found in the original search conducted
in December, 2007

2 The number of citations for which abstracts were found

* The number of abstracts that passed relevance screening levels one and two, of the citations for which
abstracts were found
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Table 3.3. Number of new hits, obtained citations and relevant abstracts from
selected chapters of a text book included in the search verification of a
scoping review of Salmonella in broiler chickens (Mead, 2005)

Item searched # hits’ # obtained” # relevant’
Chapter 1 7 3 0
Chapter 5 0 0 0
Chapter 6 0 0 0
Chapter 7 0 0 0
Chapter 8 0 0 0
Chapter 9 1 0 0
Chapter 10 0 0 0
Chapter 13 2 2 0
Chapter 14 7 3 0
Chapter 15 1 1 0
Chapter 16 0 0 0
Chapter 17 7 3 0
Chapter 18 0 0 0
TOTAL 25 12 0

' The number of citations that were located in the item, that were not found in the original search conducted
in December, 2007

2 The number of citations for which abstract s were located

3 The number of abstracts that passed relevance screening levels one and two
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Table 3.5. Questions and responses summarizing the methodological assessment
of competitive exclusion studies included in this systematic review
Criteria Responses'
# trials %
Was the sample size justified? Yes 0 0
No 2789 100
Was the representativeness of the Yes 26 <1
sample population to the target
population explained and sufficiently No 33 1
justified?
N/A 2730 98
Were the birds housed, grouped or Yes 55 2
slaughtered in a way that is
representative of field conditions? No 2734 98
How was the intervention assigned to Random 71 3
the experimental unit?
Reported random 790 28
Systematic 0 0
Convenience 1926 69
N/A 2 <1
Were the intervention protocols Yes 1698 61
described in sufficient detail to allow
reproduction of the experiment? No 240 9
Reference paper 849 30
N/A 2 <1
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Was the challenge protocol adequately
described so that the challenge could be
reproduced?

Were laboratory methods used to
determine the outcome described
sufficiently to allow replication of the
study?

Did the author report that blinding was

used?

Was the statistical analysis described
adequately so it can be reproduced?

Based on the study design, was
clustering accounted for appropriately in
the analysis?

TOTAL TRIALS

Yes

No

Reference paper
N/A

Yes

No

Reference paper
Yes

No

N/A

Yes

No

Reference paper
No analysis

Yes

No

N/A

1856

220

646

67

1345

355

1089

2780

1471

141

1169

162

359

2268

2789

48

13

39

<1

100

53

<1

42

13

81

! For detailed explanation see Appendix 4
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Table 3.6. Frequency of competitive exclusion (CE) products evaluated in the
2,789 trials captured in the systematic review

CE product Frequency %o
Undefined, chicken source 1,743 62.5
Other 304 10.9
Containing lactobacillus 200 7.17
Undefined, unknown source 95 3.41
Aviguard 76 2.72
Vermicompost 69 2.47
FM-B11 67 2.40
Broilact 66 2.37
Primilac 47 1.69
CF3 43 1.54
Avian Pac Plus 30 1.08
Preempt 24 0.86
MSC 11 0.39
Simbiotico 8 0.29
Avifree 6 0.22
TOTAL 2,789 100
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Table 3.7. Frequency of routes used to administer competitive exclusion (CE)
products in the 2,789 trials captured in the systematic review

CE route Frequency Y/

Oral individual 1,804 64.7
Mass through water 344 12.3
Other (e.g. spray) 197 7.06
Oral individual + Mass through water 193 6.92
Mass through feed 181 6.49
Mass through water, Other 46 1.65
Oral individual + Mass through feed 11 0.39
Oral individual + Other 3 0.11
Oral individual + Mass through feed and water 2 0.07
Not reported' 8 0.29
TOTAL 2,789 100

! Studies that did not report the route of administration were included in the meta-analysis-meta-
regression
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Table 3.8. Frequency of sample types evaluated for Salmonella in the 2,789 trials
captured in the systematic review

Sample type Frequency %0

Cecal contents' 791 28.4
Ceca' 735 26.4
Cloaca’ 643 23.1
Other (e.g., bile, heart blood)? 169 6.06
Cecal tonsils’ 102 3.66
Crop” 79 2.83
Liver® 73 2.62
Liver and Spleen’ 42 1.51
Spleen® 28 1.00
Duodenum’ 24 0.86
Multiple organs® 19 0.68
Whole carcass rinse” 14 0.50
Tleum® 11 0.39
Gizzard® 10 0.36
Jejunum® 5 0.18
Colon® 5 0.18
Not reported* 39 1.40
TOTAL 2,789 100

! These sample types were included in the meta-analysis
% These sample types were excluded from the meta-analysis
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Table 3.9. Frequency of time periods post-competitive exclusion treatment
samples were evaluated for Salmonella in the 2,789 trials captured in
the systematic review

Time measured Frequency %0

0-7 days of age 579 20.8
8-14 days of age 7817 28.2
15-21 days of age 228 8.17
22-28 days of age 146 5.23
29-35 days of age 56 2.01
36-42 days of age 103 3.69
43-49 days of age 63 2.26
50-56 days of age 59 2.12
57-63 days of age 4 0.14
64-70 days of age 14 0.50
71-77 days of age 5 0.18
78-84 days of age 10 0.36
>84 days of age 21 0.75
Multiple days 81 22.7
Not reported’ 633 2.90
TOTAL 2,789 100

! Studies that did not report the time Salmonella was measured post-treatment were not included in the
meta-analysis
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Table 3.12.  Odds ratios and P-values from the final meta-regression model (n=104
studies, 1794 trials)

Variable OR P-value Overall P-value
Study design <0.01
Controlled trial Referent
Challenge trial 0.39 <0.01
Quasi experiment 2.00 <0.01
Date published <0.01
>2000 Referent
1990-1999 1.71 <0.01
1980-1989 1.83 <0.01
<1979 1.70 <0.01
Populationl <0.01
Day old chicks Referent
Broiler eggs 2.44 0.04
Broilers 1.23 0.47
Day old chicks, breeding poultry 1.13 0.69
Not reported 0.03 <0.01
CE type <0.01
Undefined, chicken source Referent
Undefined, unknown source 1.31 0.11
Simbiotico 0.73 0.87
Avian Pac Plus 0.70 0.37
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Broilact
Aviguard
FM-BI11
MSC
Avifree
Preempt
CF3
Primilac
Containing lactobacillus
Other
CE route
Oral gavage
Mass through feed
Mass through water
Other (e.g. spray)
Oral gavage + Mass through feed
Oral gavage + Mass through water
Oral gavage + Other
Mass through water + Other

Not reported

1.48

3.71

2.77

2.18

34.5

1.51

0.64

7.92

6.75

3.29

Referent

1.35

1.08

0.90

0.75

0.83

0.06

0.84

0.91

0.03

<0.01

<0.01

0.04

<0.01

0.36

0.02

<0.01

<0.01

<0.01

0.15

0.42

0.28

0.62

0.25

<0.01

0.42

0.75

<0.01
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Serovar recovered
S. Typhimurium
S. Enteritidis
S. Infantis
Other
Multiple serotypes
Assignment to treatment groups2
Random
Reported random
Convenience
Not applicable
Intervention protocol description’
Yes
No
Reference paper
Lab methods description’
Yes

No

Reference paper

Referent

0.76

0.42

1.28

0.90

Referent

4.71

5.99

34.12

Referent

1.40

1.01

Referent

2.34

1.35

<0.01

<0.01

<0.01

0.13

0.72

<0.01

<0.01

<0.01

<0.01

<0.01

0.04

0.93

<0.01

<0.01

0.05

! For detailed description see Appendix 5
? For detailed description see Appendix 4
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Relevance Screening — Level One Excluded studies (277 studies):

1,255/12,982 citations relevant n=124 did not meet RS 1 criteria
n=41 intervention studies in vitro
n=23 prevalence papers sampling
Relevance Screening — Level Two | 1 [ocation not reported

978/1,255 studies relevant n=33 prevalence papers proportional

morbidity/mortality
n=>56 prevalence papers missing a
numerator or denominator

. . ) Excluded studies
Methodological Assessment Competitive Exclusion (43 studies):

639 studies prioritized 192 studies —I_ ned0 no data

n=2 no control
group

Data Extraction — Intervention | | Competitive Exclusion n=1I duplicate
470 studies 149 studies
Prevalence meta-analysis Concentration meta-analysis Meta-regression
54 studies 20 studies 104 studies
Excluded studies (95 Excluded studies (129 Excluded studies
studies): studies): (45 studies):
n=45 no data to calculate n=109 no n=45 no data to
OR or standard error concentration data calculate OR or
n=30 a second n=20 a second standard error
intervention evaluated in intervention evaluated
combination with in combination with
competitive exclusion competitive exclusion
n=12 not cecal contents,
ceca or cecal tonsils
n=8 not studied in day old
chicks
Figure 3.1.

The prioritization of competitive exclusion for rigorous systematic review-meta-analysis
from a scoping review on Salmonella in broiler chickens
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Lactose (119)

O“I,Y ) Fructooligosaccharide (28)
competitive Whey (3)
ez:lzuzs;(in Organic z}cids (20)
Mycotoxin (4)
Unsupplemented mash diet (11)
Other feed and D-Mannose (56)
| water additives |- Palm kernel meal (4)
n=253 Xylooligosaccharide (4)
: Transgalactosylated oligosaccharide (4)
Vaccination -
n=142 -I_ Live attenuated (29)
Other (87)
Competitive Not reported (26)
exclusion H
(2789 trials) ||| Antimicrobials
n=91
Single (53)
Multiple (38)
Feed
L withdrawal
n=50
WT450 (2)
|| Bacteriophages J
n=2
Figure 3.3.

Illustration of the variability of primary research evaluating competitive exclusion in
combination with a second intervention on Salmonella in broiler chickens
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" First Publication

author  date ES (95% CI)
0-42days

Orencia 2001 —— 0.74 (0.25, 2.17)
Cameron 1996 — 0.29 (0.05, 1.55)
Cameron 1996 —_— 0.00 (0.00, 0.05) .
Cameron 1996 —_— 0.01(0.00,0.23)
>42days

Ferreira 2003 0.05 (0.00, 1.09)
Ferreira 2003 — 0.39 (0.05, 2.77)
Ferreira 2003 _— 0.06 (0.01,0.63)
Ferreira 2003 —_— 7.88 (1.10, 56.12) -~
Ferreira 2003 0.03 (0.00, 0.56) )
NOTE: Weights are from random effects analysis

Figure 3.4.

Random effects meta-analysis of challenge trials reporting a prevalence outcome
evaluating the effectiveness of Aviguard at reducing the odds of Salmonella colonization
in broilers. Studies are stratified by time period and estimates of effect are presented as
odds ratios (ORs).
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First Publication
author date ES (95% CI)
0-42days

Orencia 2001
Cameron 1992
Cameron 1992
Cameron 1992
Cameron 1992

— 0.63 (0.21, 1.88)
0.01 (0.00, 0.21)
— 1.00(0.05, 18.57)
0.00 (0.00, 0.13)
— 0.10 (0.00, 2.28)
Cameron 1992 0.02 (0.00, 0.50)
Cameron 1992 — 0.30 (0.01, 8.33)

Cameron 1992 S — 0.03 (0.00, 0.72)

Cameron 1992 — 0.30 (0.01, 8.33)
Cameron 1992 0.07 (0.01, 0.84)
Cameron 1992 — 0.16 (0.01, 3.85)
Cameron 1992 — 0.16 (0.01, 3.85)
Cameron 1992 0.00 (0.00,0.13)
Schneitz 1992 0.00 (0.00, 0.03)

NOTE: Weights are from random effects anaglysis

 41e-05 .

-t

R R
24373

Figure 3.5.

Random effects meta-analysis of challenge trials reporting a prevalence outcome
evaluating the effectiveness of Broilact at reducing the odds of Salmonella colonization
in broilers. Studies are stratified by time period and estimates of effect are presented as
odds ratios (ORs).
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First Publication
author date

042days e
Corrier 1998
Corrier 1998

Corrier 1998
Corrier 1998
Corrier 1998
Corrier 1998

Corrier 1998
Corrier 1998
Hume 1996
Hume 1996
Hume 1996
Hume 1996
Hume 1996

Hume 1996

Hume 1996

Hume 1996 —
Subtotal (-squared=11.0%, p=0328) >

»42days

Corrier 1998
Corrier 1998
Corrier 1998

A

Corrier 1998
Corrier 1998
Corrier 1998

Corrier 1998
Corrier 1998

Corrier 1998
Corrier 1998
Corrier 1998
Subtotal {-squared=0.0%, p=0.817)

Overall (l-squared = 0.0%, p = 0.468) Q

ES (95% Ch

0.03 (0.01, 0.07)
0.02 (0.01, 0.04)
0.02(0.00,0.48)
0.02(0.00,0.21)
0.01 (0.00,0.13)
0.13 (0.01, 2.65)
0.08(0.01,0.71)
0.08 (0.02, 0.37)
0.24 (0.05,1.13)
0.09 (0.02, 0.50)
0.03(0.00,0.27)
0.01(0.00,0.19)
0.13(0.02,0.68)
0.06(0.00,1.24)
0.06 (0.00, 1.24)
0.12(0.01, 2.45)
0.04 (0.03,0.07)

0.10(0.02,0.44)
0.09 (0.02, 0.50)
0.00(0.00,0.10)
0.04 (0.00,0.73)
0.06 (0.01,0.58)
0.07 (0.00,1.29)
0.14(0.02,0.75)
0.05(0.01,0.47)
0.21 (0.02,2.08)
0.04 (0.01,0.23)
0.17(0.03,0.92)
0.08 (0.04,0.14)

0.05 (0.04,0.07)

%
Weight
17.086
14.31
1.36
243
1.35
1.34
2.49
498
5.08
415
2.23
1.28
4.39
1.34
1.34
1.28
66.44

5.14
415
1.3
1.48
250
1.44
415
2.51
230
4.46
4.11
33.56

100.00

. .00024: -

NOTE: Weights are from random effects analysis _

Figure 3.6.

=

Random effects meta-analysis of challenge trials reporting a prevalence outcome
evaluating the effectiveness of CF3 at reducing the odds of Salmonella colonization in

broilers. Studies are stratified by time period and estimates of effect are presented as odds
ratios (ORs). The P value refers to the Q statistic test for heterogeneity.
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First
author

‘d:aéaé?é_”,"ww

Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Higgins
Wolfenden
Wolfenden
Wolfenden
Woifenden
Wolfenden
Wolfenden
Wolfenden
Wolfenden
Wolfenden
Woifenden
Woltenden
Wolfenden
Wolfenden
Wolfenden
Wolfenden
Wolfenden
Wolfenden
Wolfenden
Wolfenden
Wolfenden
Wolfenden
Wolfenden
Wolfenden
Andrestti Filho

=42days
Higgins
Higgins
Higgins
Higgins

NOTE: Weights are from random effects analysis

Publicstion

date

2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
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2007
2007
2007
2007
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2007
2007
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Figure 3.7.

00043 -

Random effects meta-analysis of challenge trials reporting a prevalence outcome

evaluating the effectiveness of FM-B11 at reducing the odds of Salmonella colonization in
broilers. Studies are stratified by time period and estimates of effect are presented as odds

ratios (ORs).
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First Publication

author date ES (95% CI)

>42days

Stavric 1992 0.00 (0.00, 0.05)
Stavric 1992 _— 0.00 (0.00, 0.07)
Watkins 1983 153.00 (2.58, 9077.05)
Watkins 1983 —_— 0.60 (0.03, 13.58)
Woatkins 1983 e 1.13 (0.11, 11.60)
Watkins 1983 —_—t 2.40(0.18, 32.88)
Watkins 1983 — 0.75(0.06, 8.83)
NOTE: Weights are from random effects anpalysis

Figure 3.8.

Random effects meta-analysis of challenge trials reporting a prevalence outcome
evaluating the effectiveness of partially defined competitive exclusion products containing
lactobacillus at reducing the odds of Salmonella colonization in broilers. Studies are
stratified by time period and estimates of effect are presented as odds ratios (ORs).
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Figure 3.9.

Random effects meta-analysis of challenge trials reporting a prevalence outcome

evaluating the effectiveness of undefined competitive exclusion products originating from a

chicken source at reducing the odds of Salmonella colonization in broilers. Studies are
stratified by time period and estimates of effect are presented as odds ratios (ORs).
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First Publication

author date ES (95% CI)
0-42days

Blankenship 1993 — 044 (0.23,087)
Pivnick 1981 0.30(0.01,8.33)
Pivnick 1981 0.31(0.01,8.28)
Corrier 1995 —_— 0.26(0.11,061)
Corrier 1995 — 0.31(0.17,0.56)
Corrier 1995 —_— 0.74(0.16,341)
Corrier 1985 ———— 0.08(0.01,065)
Corrier 1995 — 204(037,1141)
Corrier 1995 — 2.31(1.15,4.65)
Corrier 1995 — 0.79(0.37,171)
Corrier 1995 — 0.27 (0.15,048)
Corrier 1995 — 0.59(0.34, 1.03)
>42days

Blankenship 1993 —_—— 0.16 (0.05, 0.56)
Blankenship 1993 —_— 0.18 (0.07, 0.49)
Blankenship 1993 T 2.89(0.90,9.29)
Seuna 1978 — 0.65(0.29,147)
Seuna 1978 - 1.02 (065, 1.58)
Goren 1984 - 0.03(0.00, 0.58)
NOTE: Weights are from random effects analysis

Figure 3.10.

Random effects meta-analysis of controlled trials reporting a prevalence outcome
evaluating the effectiveness of undefined competitive exclusion products originating from a
chicken source at reducing the odds of Salmonella colonization in broilers. Studies are
stratified by time period and estimates of effect are presented as odds ratios (ORs).
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First Publication

author  date ES (99% CI)
0-42days
Corrier 1998 . -3.21(-3.29,-3.17)
Corrier 1998 . -3.47 (-3.80, -3.44)
Corrier 1998 - -4.75 (-5.03,-4.47)
Corrier 1998 - -2.84 (-2.82,-2.26)
Corrier 1998 . -2.00(-2.10,-1.90)
Corrier 1998 - -345(-3.72,-3.18)
Corrier 1998 + -2.75(-2.89,-2.61)
Hume 1996 —— -0.80 (-1.08,-0.52)
Hume 1996 -~ -2.20(-243,-1.97)
Hume 1996 o -3.10(-3.35,-2.859)
Hume 1996 - -3.10 (-3.26, -2.94)
Hume 1996 - -1.60 (-1.86, -1.34)
Hume 1996 -~ -4.70 (-4.90, -4.50)
Hume 1996 - -4.00 (-4.26, -3.74)
Hume 1996 —— -3.20 (-3.55, -2.89)
>42days
Corrier 1998 —~ -2.82(-3.12,-2.82)
Corrier 1998 - -2.73(-3.01,-2.45)
Corrier 1998 —- -2.65 (-2.99,-2.39)
Corrier 1998 — -2.05(-2.36,-1.74)
Corrier 1998 - -2.91(-3.20,-2.62)
Corrier 1998 — -1.88(-2.19,-1.57)
Corrier 1998 —~~ -3.34 (-3.61,-3.07)
Corrier 1998 —— -1.68(-1.99,-1.37)
NOTE: Weights are from random effects analys|s

-503 i 503

Figure 3.11.

Random effects meta-analysis of challenge trials reporting a concentration outcome
evaluating the effectiveness of CF3 at reducing the concentration of Salmonella
colonization in broilers. Studies are stratified by time period and estimates of effect are
presented as the mean difference between the treated and untreated groups.
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Figure 3.12.

Random effects meta-analysis of challenge trials reporting a concentration outcome
evaluating the effectiveness of undefined competitive exclusion products originating
from a chicken source at reducing the concentration of Salmonella colonization in
broilers. Studies are stratified by time period and estimates of effect are presented as the
mean difference between the treated and untreated groups.
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Egger's publication bias plot
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Figure 3.13.

Egger’s test of publication bias plot for challenge trials evaluating the effectiveness of all
competitive exclusion products at reducing the concentration of Salmonella colonization
in broilers included in a systematic review of Salmonella in broiler chickens.
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Figure 3.14.

Egger’s test of publication bias plot for challenge trials evaluating the effectiveness of all
competitive exclusion products at reducing the prevalence of Salmonella colonization in
broilers included in a systematic review of Salmonella in broiler chickens.
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CHAPTER FOUR

SUMMARY DISCUSSION AND CONCLUSIONS
Worldwide, Salmonella is recognized as one of the most common causes of foodborne
illness in humans (Mead et al., 1999; Wegener et al., 2003; Anonymous, 2007) and is
often associated with the consumption of contaminated foods of animal origin (White et
al., 1997). In Western countries, the most frequent cause of human salmonellosis is
thought to be the result of inadequately processed, handled or cooked poultry products
(Mead et al., 1999). Each year in Canada, approximately 6,000-12,000 cases of human
salmonellosis are reported (Anonymous, 2006), however, these data have to be
interpreted with caution because of high levels of underreporting (Todd, 1992; Todd,
1997; Mead et al., 1999; Campbell et al., 2003). The approaches used to control
Salmonella in broiler chickens vary among regions and countries, and there is currently
no mandated control program for broiler production in Ontario or Canada. Before
various single or integrated control options are considered, it is important that the existing
primary research for Salmonella in broilers is identified, critically evaluated and well-

understood.

The use of research synthesis methods, such as systematic review (SR) and meta-analysis
(MA) have gained momentum in microbial food safety (Sanchez et al., 2007; Sargeant et
al., 2007; O'Connor et al., 2008; Waddell et al., 2008; Wilhelm et al., 2009; Young et al.,
2009). Through a transparent and replicable review of all the available primary research,
where each step is conducted by two independent reviewers, the most effective

interventions could be identified along with gaps in knowledge and future research needs
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(Sargeant et al., 2005; Sargeant et al., 2006; Borenstein et al., 2009). SR-MA is
traditionally applied on a narrow and focused question. Scoping reviews, also known as
evidence mapping, have been recently proposed as a potential framework for reviewing
broad topics and characterizing the scope and characteristics of the diverse research
underpinning such topics (Katz et al., 2003; Arksey and O'Malley, 2005; Anderson et al.,
2008; Davis et al., 2009). This method, primarily used in health care and nursing sectors,
offers appealing concepts for evaluating the broader microbial food safety topics, such as
Salmonella in broiler chickens, within the context of evidence-based policy and decision-

making.

The main objectives of this thesis were to apply these two research synthesis methods on
Salmonella in broiler chickens. First, to identify, evaluate and summarize or synthesize
the existing primary research on three sub-topics: interventions, risk factors, and
prevalence of Salmonella in broiler chickens from farm-to-secondary processing using a
scoping review, and to prioritize specific questions for rigorous SRs. Second, to select,
based on the results of the scoping review and biological relevance, a single on-farm
intervention and evaluate if the intervention is effective at reducing Salmonella

colonization in broiler chickens using a SR-MA approach.

Through a scoping review (Chapter 2), the quantity, scope and characteristics of primary
research on Salmonella in broiler chickens was determined and evidence maps were
developed for three sub-topics (Chapter 2). The majority of primary research studied an

intervention (748 studies), followed by prevalence (200) and risk factors (30). The
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evidence maps clearly illustrated the scope and distribution of primary research between
and within each sub-topic as well as the current knowledge gaps for researchers and
funding agencies. These maps allowed the research team to successfully prioritize
narrow and focused questions for rigorous SR, from an initial a priori developed list of
potential questions (Appendix 3). For example, competitive exclusion (CE) was the most
common farm intervention studied (192 studies), and was prioritized for rigorous SR. By
contrast, a lack of primary research investigating the effectiveness of biosecurity
practices, which are frequently recommended to producers, was observed. The review
results were also evaluated to determine which data inputs might be useful for a
complementary quantitative risk assessment (QRA). For example, four on-farm
interventions, including CE, feed and water additives, vaccination and biosecurity were

selected for rigorous SRs that should result in specific inputs for a QRA.

An in-depth SR-MA evaluating the effectiveness of on-farm use of CE resulted in a
transparent evidence map describing various types of CE products (Chapters 2 and 3).
Three main outcome types were reported in the CE studies; prevalence, concentration and
infection/protection factor (IF/PF) values. While both prevalence and particularly,
concentration are useful outcomes for MA, it was not possible to transform IF/PF values
into anything useful for QRA so these studies were excluded from the review. As a
result, the effectiveness of various types of CE products for reducing the prevalence and
concentration of Salmonella in broiler chickens was quantitatively estimated using a MA
approach. Overall, CE was effective at reducing Salmonella prevalence and

concentration, throughout the lifespan of broiler chickens.
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Potential associations between various individual study design and methodological
soundness characteristics with the reported effectiveness of the treatment were assessed
in a meta-regression (MR). Overall, the MR indicated that undefined CE products are
more effective at reducing Salmonella colonization in broilers, except for a defined,
continuous-flow culture, CF3. In addition, a variety of routes, including as an additive to
feed and water were as effective at conferring protection as the most popular route

studied, oral gavage.

Policy and decision-makers could use the results of this SR-MA to develop transparent
and evidence-based guidelines for the on-farm use of CE for reducing Salmonella in
broiler chickens and the industry may use this information to regulate the use of specific
CE products in broiler chickens in North America. Broiler chicken producers may
choose the methods of administration that are suitable to large populations. Researchers
should further refine the development of defined products that are at least as effective as
undefined products, and the specific characteristics that make CF3 more effective than
other defined CE products should be better understood. The effect estimates generated
for CE through SR-MA should be epidemiologically evaluated and transformed into
useful evidence-based inputs that would allow risk assessors to compare various

interventions within a specific context.

The evidence maps developed through the scoping review were beneficial for the review
team because the areas with sufficient primary research could be identified for rigorous

SRs. If existing primary research is large and sufficiently diverse, the SR could be
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limited to certain study designs, periods or geographic locations, depending on the type
of question. This may substantially reduce time for implementing the review or prevent
significant waste of time associated with the conduct of a SR where little to no primary

research exists.

The SR process involved methodological assessment of studies included in the review, to
discriminate between acceptable and unacceptable primary research. Overall, the
assessment of studies evaluating the effectiveness of CE products has shown poor
conduct or reporting and supported recent initiatives advocating for the development and
use of more stringent primary research reporting guidelines in animal health research
(Sargeant et al., 2009a; Sargeant et al., 2009b). For example, in 28% of CE studies that
reported use of random treatment allocation to broiler chicken populations, the actual
method of treatment allocation was not reported. In addition, a lack of studies conducted
in commercially representative settings was observed, with the majority of studies being
challenge trials with small sample sizes. Large sample size controlled trials are needed
for evaluating on-farm interventions for Salmonella in broilers under commercially

representative conditions.

The scoping review-SR approach was fully reported in this thesis and each step, except
the search strategy, was conducted by two independent reviewers. As a result, this study
is transparent and may be replicated if necessary. Researchers in the veterinary public
health arena interested in conducting a scoping review can learn and improve upon our

experiences. For example, two levels of relevance screening in the scoping review and a
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study design approach to methodological assessment and data extraction in in-depth SRs
were found useful in the study. The review implementation timeline may also be used as

a guide for future scoping reviews.

There are some limitations that pertain to this study. Due to time and funding
restrictions, only English language papers were included in the scoping review.
However, all non-English articles (n=242) were captured during the review, so if funding
becomes available, it will be possible to translate these articles and up-date the review.
Although the effect of excluding the non-English language studies is unknown, some
research shows that, if anything, it leads to more conservative estimates of treatment
effects (Juni et al., 2002). Despite extensive efforts to uncover all existing primary
research with thorough search verification, we observed a statistical indication of
publication bias in the MA assessing the effectiveness of CE with studies reporting a
concentration outcome. This might suggest a lack of large studies reporting lower
effectiveness of the CE products. It has been indicated that large, integrated poultry
operations might have this data but keep it confidential (Sue Reynolds, Microbial
Developments Ltd., Worcestershire, UK, personal communication) as they do not have

incentive to publish trials, especially those with negative results.

This study has contributed to better understanding of the current state of evidence of
Salmonella in broiler chickens. Government and industry stakeholders could use this
approach for developing evidence-based guidelines for various on-farm interventions,

particularly when the scientific recommendations are contradictory. Funding agencies
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could use this information to support new primary research that would address
knowledge gaps identified through both scoping review and SR. Results from this study
might be used as inputs for a complementary QRA, which will compare various
interventions within the Canadian (Ontario) context. Future research should evaluate the

cost-effectiveness of various interventions prioritized in this thesis.
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Appendix 1. Relevance tool 1 (RS 1) for screening abstracts in a scoping review on
Salmonella in broiler chickens

Relevance Criteria
1) Does this abstract describe primary research’ in Englishz?

Y N (English lit review)’ N Can’t tell*
2) Does this abstract investigate Salmonella serovars of public health importance’ in
broilers® from farm to secondary processing’? Y N Can’t tell*
3) Does this abstract investigate any of the following in broilers® from the farm to

secondary processing’? (Check all that apply).

O The effectiveness of interventions® for reducing Salmonella
0 Risk factors® for Salmonella
U

Salmonella prevalencelo, contamination or concentration inside of North
America''

O Salmonella prevalencelo, contamination or concentration outside of North
America''

] Can’t tell (text box)

O None of the above

The goal of Relevance Tool 1 is to IDENTIFY potentially relevant studies on Salmonella
in broilers from farm to secondary processing. This is generally evaluated by
investigations into the effectiveness of interventions, association of risk factors, or
measurement of prevalence, contamination or concentration levels.

Reviewer Decision

The following will be incorporated into the SRS system and will happen automatically:
If the reviewer answers yes to questions 1 and 2 and any of 3 is checked (except none of
the above or can’t tell) the article will be included in RII for further screening and
appraisal. If the reviewer answers can’t tell to any of the questions 1 - 3, the full article
will be obtained for further appraisal and decision making on RS 2.

! Primary research represents a study where the authors collected and analyzed their own data.

2 If the citation states that the article is in a language other than English, No should be selected.

3 This should only be selected for abstracts that are English literature reviews.

* Reviewers should only use the “can’t tell” option if the article may be relevant. If the article is obviously
not-relevant, no should be selected. Full articles must be obtained for any can’t tell responses.

> All Salmonellas are of public health importance unless the study only examined S. Pullorum and/or §.
Gallinarum. If a study is measuring Salmonella spp. it should be included for further screening.

® If abstracts use a general term such as poultry, the answer should be yes. All abstracts that may include
conventional chicken or broiler eggs intended for meat production or examination of raw chicken products
should be answered yes. This question should be answered no if it is only about turkey, duck, retail eggs,
or laying hens. Organic chicken products (free range, all natural, antibiotic free, antimicrobial free) will be
answered yes only for prevalence studies.

7 The farm to secondary processing level includes studies performed at breeding farms, hatcheries, grow-
out farms, catching and transport to slaughter, live-bird supply to the slaughterhouse (lairage), all slaughter,
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evisceration, wash, and chilling activities up to secondary processing. Secondary processing includes cut-
up, de-boning, partitioning and grinding of raw chicken carcasses. Third processing is out of scope of this
project, and includes marination, coating, frying, smoking, grill marking and formulations (heat and eat).
Freezing, packing and storage of raw chicken products and retail is out of scope of this project. Samples
such as faecal, cloacal, crop and skin swabs should be included. Environmental samples such as litter, feed
and water should not be included. Serology samples should not be included.

8 Studies that use a controlled/challenge trial are considered intervention studies. Occasionally studies may
use a cohort study to evaluate an intervention. Studies that use a cohort study to evaluate an intervention
should be classified as an intervention.

? Studies that use observational studies should be classified as risk factor studies, not intervention studies.
' This selection is only for studies whose objective is to evaluate prevalence in broilers from farm-to-
secondary processing. This includes group prevalence and within group prevalence. Studies that only
evaluate Salmonella prevalence before and after an intervention should be placed in the intervention
selection, and not the prevalence selection. Exclude studies that only evaluate the persistence or prevalence
after artificial infection.

'L If the origin of the research is unknown, please choose can’t tell.
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Appendix 2.

Salmonella in broiler chickens

Relevance Criteria

Relevance tool 2 (RS 2) for classifying papers in a scoping review on

1) Does this abstract investigate the effectiveness of an intervention(s) that
reduces Salmonella’ in broilers?
If yes, please categorize by point in chain and intervention. Check all that apply.

Y

N

Farm
2

Processing

Transport
3 4

Beyond

Processing

5

Other
(Specif

y
below)

Can
t tell

Vaccination®

Antimicrobials’

Other feed and water
additives®

Competitive
exclusion’

Bacteriophage and
bacteriocins '

Feed withdrawal'"

Biosecurity'* (Specify
below)

Scalding/defeathering
13

Reprocessing

Treatment spraying or
dipping carcasses

Chilling °

Final wash'’

Other (Specify below)

Can’t tell

Other:

Biosecurity:

2) Does this abstract investigate risk factors or prevalence

or concentration of Salmonella' in broilers?
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If yes, which segment of the production chain are risk factors, prevalence,
contamination or concentration measured? Check all that apply.

Risk Factors Prevalence'® Can’t tell

Farm”

Transport3

Processing”

Beyond Processing’

Can’t tell

3) If the answer to question 2 is yes, what time period'® does the study represent?
1990 - present

1980 - 1989

1960 - 1979

Before 1960

Not reported20

I I |

4) If the answer to question 2 is yes, what type of publication is it?
O This is a prevalence study*'
O This is an active surveillance report®
O This is a passive surveillance report®
O None of the above

5) If the answer to question 2 is yes, what outcome(s) are measured? Check all
that apply.

Group prevalence®*

Within group prevalence25

Concentration

Multi-stage prevalence

Environmental or water contamination

This is only a risk factor study (no prevalence data reported)

Other (Specify below)

Can’t tell

26

I I I O Y

6) If the answer to question 2 is yes, what continent(s) is the estimate from?
Africa

Antarctica

Asia

Australia

Europe

North America

South America

ODoocoooo
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7 If the answer to question 2 is yes, are some or all of the results from organic
animal production?
0 Yes
O No

The goal of Relevance Tool 2 is to CATEGORIZE potentially relevant studies that study
Salmonella interventions, risk factors, or prevalence, contamination or concentration
levels in broilers.

Reviewer Decision

The following will be incorporated into the SRS system and will happen automatically:
If the reviewer answers yes to questions 1 or 2 the article will be included for further
screening and appraisal.

! This should be answered yes if a study measures Salmonella (outcome) infection, colonization,
prevalence, contamination or concentration. Qutcomes must be measured in live chicken, or raw chicken
products (including egg shell, fluff, feather and faecal samples). Faecal samples were only included if they
could be linked to the flock/bird being sampled. The following types of studies should be excluded: studies
that only measure environmental samples (such as litter) without measuring the outcome in the broiler,
studies that only measure the outcome using serology/antibody detection, and studies that measure
featherless birds as an intervention.

? Farm includes breeding, hatchery and grow-out farms.

* Transport involves catching and transport to slaughter.

* Processing includes both primary and secondary processing. Secondary processing includes cut-up, de-
boning, partitioning and grinding of raw chicken carcasses up to the point of freezing.

> This should be selected for studies that are in third processing (including marination, coating, frying,
smoking, grill marking and formulations (heat and eat) and retail studies.

6 May be a killed or live vaccine. May be oral or injectable.

7 Examples include: Flouroquinolones, cephalosporins, gentamicin, ampicillin, tetracyclines,
spectinomycin, ciprofloxacin, ceftriaxone. These are often administered via feed.

8 May include organic acids, sodium chlorate, sodium nitrate, formaldehyde, and propionic acid. Water
supplies may be treated with acidic oxidizing agents (such as hydrogen peroxide, peracetic acid, lactic acid,
volatile fatty acids (formic, acetic, propionic, butyric), sodium chlorate, sodium nitrate).

? May also be referred to as probiotics, prebiotics, synbiotics or the ‘Nurmi concept’. May include
Lactobacillus spp. (L. salivarius, L. acidophilus, L. casei, L. reuteri, L. plantarum), bacteroides,
Bifidobacterium spp., Enterococcus faecium, Aspergillu oryzae, and Saccharomyces spp. (S. cerevisiae, S.
boulardii). May be cecal contents or other materials from birds or the environment that contain many
different or unknown bacterial species.

10 Bacteriophages are viruses that can infect, multiply, and kill susceptible bacteria. Bacteriocins are a
heterogeneous group of peptides produced by certain types of bacteria that are active against other (often
closely related) bacterial strains. May include E. faecium and nisin.

" Withholding feed (and sometimes water) on farm often occurs prior to transport to allow clearance of the
GI tract and to reduce visible contamination. This is a common practice and should only be included if it is
used differentially between comparison groups.

12 Biosecurity includes, but is not limited to, sanitation, biosafety, disinfection (and other antimicrobials),
hygiene and hygiene barriers, all-in-all-out production, depopulation, monitoring pathogen levels in
animals, staff and the environment, litter testing and treatment, removal of contaminated material,
mice/pest/rodent/insect control, reduce water pooling and increasing water drainage. Lime may be used in
litter or entrances.

1 Also includes defeathering, plucking and picking. May have a single or multiple scald tanks.

'* Removal of visibly contaminated birds with faecal matter. The birds are hand washed, and re-added to
the slaughter line.

150



'* Spraying or washing carcasses with a treatment such as an antimicrobial solution (which may include
chlorine or trisodium phosphate). Differs from final wash in that the addition of this type of intervention is
to treat the carcass as opposed to washing the carcass which is common practice within poultry production.
Steam pasteurization may also be used.

'® Includes studies on chillers and chill water. May be air or immersion chilling. Interventions such as
chlorine or trisodium phosphate may be added to immersion water.

' A routine poultry production practice that includes spraying or washing carcasses with water. It is often
referred to as inside/outside bird washer. Often occurs before chilling, but in some instances it is done
before and/or after chilling. Common interventions include temperature, time, or chlorine levels.

'® In order to be classified as a prevalence study the paper must provide: a numerator, denominator, and the
point in chain it was measured at. If a paper does not report one or more of these, it is not a prevalence
study.

“Ifa study spans over more than one category (for example, from 1985-1995), both categories should be
selected.

20 Not reported should only be selected after thorough review of the paper.

2! An observational study that samples within defined sampling and time frames to capture prevalence
estimates for a target population using a defined sampling protocol.

2 An on-going program designed to purposively sample a target population using a defined sampling
protocol. If only serovar distribution is reported (without prevalence estimates), the study should be placed
in none of the above.

2 The use of routine (e. g. volunteer, good will, spontaneous or ad hoc) sample submission for diagnostic
testing of Salmonella. If only clinical cases, such as disease outbreaks, are reported, the study should be
placed in none of the above.

** The proportion of groups (e.g. flocks, batches) containing 1 or more Salmonella positive sample.

% The number of samples within a group that are Salmonella positive.

% A study that samples at more than one point in time in the farm to processing continuum to examine the
level of Salmonella contamination. The study may be single point in time or longitudinal in design.
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Appendix 3. List of a priori identified potential focused questions for rigorous

systematic reviews

What interventions have been identified as effective at controlling Salmonella
contamination in broilers and raw chicken products from farm-to-secondary
processing?

1.

ii.

1ii.

iv.

Vi.

vii.

Viii.

iX.

X1.

Xil.

Is competitive exclusion effective at controlling Salmonella contamination in
broilers and raw chicken products from farm-to-secondary processing?

Is vaccination effective at controlling Salmonella contamination in broilers
and raw chicken products from farm-to-secondary processing?

Are other feed and water additives effective at controlling Salmonella
contamination in broilers and raw chicken products from farm-to-secondary
processing?

Are antimicrobials effective at controlling Salmonella contamination in
broilers and raw chicken products from farm-to-secondary processing?

Is feed withdrawal effective at controlling Salmonella contamination in
broilers and raw chicken products from farm-to-secondary processing?

Are biosecurity practices effective at controlling Salmonella contamination in
broilers and raw chicken products from farm-to-secondary processing?

Are bacteriophage/bacteriocins effective at controlling Salmonella
contamination in broilers and raw chicken products from farm-to-secondary
processing?

Is scalding effective at controlling Salmonella contamination in broilers and
raw chicken products from farm-to-secondary processing?

Is reprocessing effective at controlling Salmonella contamination in broilers
and raw chicken products from farm-to-secondary processing?

Is treatment spraying or dipping of carcasses effective at controlling
Salmonella contamination in broilers and raw chicken products from farm-to-
secondary processing?

Is chilling effective at controlling Salmonella contamination in broilers and
raw chicken products from farm-to-secondary processing?

Is the final wash effective at controlling Salmonella contamination in broilers
and raw chicken products from farm-to-secondary processing?

What are the risk factors for Salmonella colonization in broilers?

i.

ii.

What are the risk factors for Salmonella colonization in broilers inside of
North America?

What are the risk factors for Salmonella colonization in broilers outside of
North America?
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What are the prevalence and concentration levels of Salmonella of public health
importance in commercial farm and abattoir settings?
1. What are the prevalence and concentration levels of Salmonella of public
health importance in commercial farm and abattoir settings inside of North
America?
il. What are the prevalence and concentration levels of Salmonella of public
health importance in commercial farm and abattoir settings side of North
America?
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Appendix 5. Data extraction form for prioritized intervention studies identified in a
scoping review on Salmonella in broiler chickens for rigorous systematic
review

GENERAL INFORMATION
Category Explanation
Variable

Ref ID from SRS

Journal name

Author(s) name

Publication year

Publication type

a. Peer reviewed

b. Conference proceeding
c. Thesis

d. Government or research
station report

e. Other (please specify)

Country/region/province/std
te where the study was
carried out.

Ao e
b. Not reported

If the author does not indicate in the
paper, please use author affiliation. If
author affiliation indicates more than
one country/region/province/ state,
please record all.

the study

b. Not reported

In what year(s) was the RO Please do not use publication date to
data collected? b. Not reported answer this question.
Institution(s) that funded U PLEASE DO NOT USE AUTHOR

AFFILIATION TO ANSWER THIS
QUESTION.

What is the study design?
** When more than one
trial is reported in a paper
indicate in the text box
abbreviations for multiple
trials (i.e. T1, T2...Tn) and
follow these abbreviations
throughout the data
extraction process.

a. Controlled trial...........

b. Challenge trial........

c. This is not an experimental
design. Please stop reviewing
and contact Ashley Farrar

Trial: One of a number of repetitions
of an experiment.

Controlled trial: A planned
experiment with natural disease
exposure. May or may not be
randomized.

Challenge trial: A planned
experiment where subjects are
artificially challenged or exposed to
the disease agent.

POPULATION — DESCRIBE THE POPULATION STUDIED

Age-group(s) of the study
population

a. Broiler eggs.....

b. Day old chickens.....

c¢. Broilers (indicate age/size)...
d. Breeding poultry.....

e. Carcass............

g. Not reported

Broiler eggs: are eggs intended for
hatcheries that produce broiler
chickens.

Day old chickens: are from hatching
to 72 hours old. ‘

Broilers: are chickens, usually 6-8
weeks old and 3-5 pounds, raised
primarily for meat.

Breeding poultry: include broiler
egg laying hens and cocks.

Carcass: include whole carcasses,
part of the carcass or skin from
carcasses. Please indicate in the text if
these are not dead broiler chickens
(e.g. spent hens).

Other: Please specify
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What is the breed(s) of PP Please specify as reported by the
broilers sampled in this b. Not reported author.

study?

Farm (if applicable)

If farm level, what was a. Commercial farm a. Commercial farms include

the setting? b. Research farm operations rearing broilers in a
c. Research facility commercial setting.
b. Research farms include operations
affiliated with Universities and/or
research organizations. Usually they
are smaller farms with high
biosecurity standards and do not
resemble commercial farms.
c. Research facility is an artificial
“lab” environment.
If farm level, what is the a. Broiler breeder farm (parent/ | a. Broiler breeder farms produce
type of farm sampled? If grandparent flock) hatching eggs intended for hatcheries.
research farm/facility, b. Hatchery b. Hatcheries produce day old broiler
indicate type of farm birds | c. Grow-out farm (broiler farm) | chickens.
originated from. d. Other (specify)............... c. Grow out farms produce broilers
e. Not reported to be marketed for meat production.
If commercial farm, TP Please specify as reported. May
indicate the size of farm. b. Not reported include the number of broilers
c. Not applicable produced per production cycle year,
the average, median or range of flock
size.
Transport (if applicable)
If transport, what was the | a................... Crates/cages are the containers used
number of crates/cages b. Not reported for transporting broilers.

per truck?

If transport, what was the | a. ..................... Please indicate as reported by the

number of broilers per b. Not reported author.

crate?

If transport, how many : T Vehicles include trucks, cars, and rail.

transport vehicles were b. Not reported

sampled? If more than

one type of vehicle used,

please specify.

If transport, what wasthe | a. ...................... Please specify minutes/hours/days.

duration of transport from | b. Not reported

farm to the slaughter

plant?

Processing (if applicable)

If processing, what was a. Commercial slaughter plant a. Commercial slaughter plant is a

the setting? b. Pilot slaughter plant slaughter plant where broilers are

c. Laboratory slaughtered for sale and human

consumption.
b. Pilot slaughter plant is usually a
smaller plant and associated with
research organizations or universities.
c. Laboratory is a building equipped
for scientific experimentation or
research.

If commercial processing, | @. ......c.coeeeeeiniriiinianieenenne. Please specify as reported. May

indicate the slaughter b. Not reported include the number of broilers




capacity.

slaughtered per hour/
day/week/month/year or the average,
median or range of broilers
slaughtered.

Number sampled

Please indicate the total
number of broilers
included in the study.

. Flocks................

. Transport vehicles..........
Day old chickens.............

. Broiler chickens............

. Breeding poultry.............
Broilereggs ...............

. Slaughter plants.................
k. Batches/lots....................
1. Carcasses/pieces................
m. Other (please specify)......
n. Not reported

SR Do a0 o

Please provide data as reported.
Examples include: T1=32x2 groups,
T2=10x2 groups; T1=64, T2=20;
T1=20x2 replicates; 50 over 2 trials.
Note that this is not the number of
broilers reported in the results, but the
number of broilers included in the
study.

a. Farms are plots of land devoted to
raising animals, for example, broilers.
b. Hatcheries a place where broiler
eggs are hatched.

c. Barns are usually large buildings
for the storage/housing of broiler
chickens.

d. Flocks are groups of broilers raised
together.

e. Transport vehicles include trucks,
cars or trains used to transfer broiler
chickens from the barn to processing
facilities.

f. Day old chickens are from
hatching to 72 hours old.

g. Broilers are chickens, usually 6-8
weeks old and 3-5 pounds, raised
primarily for meat.

h. Breeding poultry include broiler
egg laying hens and cocks.

i. Broiler eggs are eggs intended for
hatchertes that produce broiler
chickens.

j- Slaughter plants are buildings
where broiler chickens are
slaughtered and processed.

k. Batches are groups of chickens
that come from the same farm or
source.

1. Careasses include whole carcasses,
part of the carcass or skin from
carcasses.

m. Other: if category is not specified
above, indicate here and provide total
sampled.

Inclusion/Exclusion criteria

List the
inclusion/exclusion
criteria reported in the
study.

a. Farms ...............

c. Barns/House...............
d. Flocks................

e. Transport vehicles..........
f. Day old chickens.............

a. Farms are plots of land devoted to
raising animals, for example, broilers.
b. Hatcheries a place where broiler
eggs are hatched.

c. Barns are usually large buildings
for the storage/housing of broiler




g. Broiler chickens............... chickens.

h. Breeding poultry............. d. Flocks are groups of broilers raised

i. Broilereggs .................. together.

j- Slaughter plants............ ¢. Transport vehicles include trucks,

k. Batches/lots............... cars or trains used to transfer broiler

1. Carcasses/pieces......... chickens from the barn to processing

m. Other (please specify)....... facilities.

n. Not reported f. Day old chickens are from
hatching to 72 hours old.

g. Broilers are chickens, usually 6-8
weeks old and 3-5 pounds, raised
primarily for meat.

h. Breeding poultry include broiler
egg laying hens and cocks.

1. Broiler eggs are eggs intended for
hatcheries that produce broiler
chickens.

j- Slaughter plants are buildings
where broiler chickens are
slaughtered and processed.

k. Batches are groups of chickens
that come from the same farm or
source.

L. Carcasses include whole carcasses,
part of the carcass or skin from
carcasses.

m. Other: if the category is not
specified above, indicate here and
provide total sampled.
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| INTERVENTION
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Intervention(s) being
studied?

a. Vaccination

b. Antimicrobials

c. Other feed and water
additives

d. Competitive exclusion
e. Bacteriophage and
bacteriocins

f. Feed withdrawal

g. Biosecurity.................
h. Scalding/defeathering

1. Reprocessing

}- Treatment spraying/dipping
carcasses

k. Chilling

1. Final wash

Please check all that apply.

a. Vaccination: May be a killed or
live vaccine. May be oral or
injectable.

b. Antimicrobials: Examples include
flouroquinolones, cephalosporins,
gentamicin, ampicillin, tetracyclines,
spectinomycin, ciprofloxacin,
ceftriaxone. These are often
administered via feed.

c. Other feed and water additives:
May include organic acids, sodium
chlorate, sodium nitrate,
formaldehyde, and propionic acid.
Water supplies may be treated with
acidic oxidizing agents (such as
hydrogen peroxide, paracetic acid,
lactic acid, volatile fatty acids
(formic, acetic, propionic, butyric),
sodium chlorate, sodium nitrate).

d. Competitive exclusion: May also
be referred to as probiotics,
prebiotics, synbiotics or the ‘Nurmi
concept’. May include Lactobacillus
spp. (L. salivarius, L. acidophilus, L.
caseli, L. reuteri, L. plantarum),
bacteroids, Bifidobacterium spp.,
Enterococcus faecium, Aspergillu
oryzae, and Saccharomyces spp. (S.
cerevisiae, S. boulardii). May be
cecal contents or other materials from
birds or the environment that contain
many different or unknown bacterial
species.

e. Bacteriophage/bacteriocins:
Viruses that can infect, multiply, and
kill susceptible bacteria. Bacteriocins
are a heterogeneous group of peptides
produced by certain types of bacteria
that are active against other (often
closely related) bacterial strains. May
include E. faecium and nisin.

f. Feed withdrawal: Withholding
feed (and sometimes water) on farm
often occurs prior to transport to
allow clearance of the GI tract and to
reduce visible contamination. This is
a common practice and should only
be included if it is used differentially
between comparison groups.

g. Biosecurity: Includes, but is not
limited to, sanitation, biosafety,
disinfection (and other
antimicrobials), hygiene and hygiene
barriers, all-in-all-out production,
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Depopulation, monitoring pathogen
levels in animals, staff and the
environment, litter testing and
treatment, removal of contaminated
material, mice/pest/rodent/insect
control, reduce water pooling and
increasing water drainage.

h. Scalding/defeathering: Also
includes defeathering, plucking and
picking. May have single or muitiple
scald tanks.

i. Reprocessing: Removal of visibly
contaminated birds with faecal
matter. The birds are hand washed,
and re-added to the slaughter line.

j- Treatment spraying/dipping:
Spraying or washing carcasses with a
treatment such as an antimicrobial
solution (which may include chlorine
or trisodium phosphate). Differs from
final wash in that the addition of this
type of intervention is to treat the
carcass as opposed to washing the
carcass which is common practice
within poultry production. Steam
pasteurization may also be used.

k. Chilling: Includes studies on
chillers and chill water. May be air or
immersion chilling. Interventions
such as chlorine or trisodium
phosphate may be added to
immersion water.

1. Final wash: A routine poultry
production practice that includes
spraying or washing carcasses with
water. It is often referred to as
inside/outside bird washer. Often
occurs before chilling, but in some
instances it is done before and/or after
chilling. Common interventions
include temperature, time, or chlorine
levels.

m. Other: If an intervention is not
listed, please indicate here.
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Point(s) in chain where
the intervention(s) was
implemented.

b. Transport................

c. Processing (to end of 2°
processing)...

d. Farm + Transport +
Processing.......

e. Farm + Transport...........

f. Farm + Processing.............
g. Transport + Processing......

a. Farm includes studies performed at
breeding farms, hatcheries and grow-
out farms.

b. Transport includes catching and
transport to slaughter.

c. Processing includes live-bird
supply to the slaughterhouse (lairage),
all slaughter, evisceration, wash and
chilling activities up to secondary
processing. Secondary processing
includes cut-up, de-boning,
partitioning and grinding of raw
chicken carcasses. Third processing
is out of scope of this project, and
includes marination, coating, frying,
smoking, grill marking and
formulations (heat and eat).

Freezing, packing and storage of raw
chicken products and retail is out of
scope of this project.

Please find the corresponding intervention section and respond to the questions specific to the
intervention(s) in this study.

Vaccination (if applicable)

What type of vaccine(s) a. Live attenuated................ Please specify the generic name and
was used? b. Killed........coceovviiennnann. commercial product as reported.
c. Avirulent..................... For example, live attenuated
d. Other (please specify)......... temperature-sensitive (T(s)) mutant
e. Not reported E/1/3 of Salmonella enteritidis,
avirulent delta cya delta crp S.
typhimurium.
What Salmonella strain(s) | @......ooeevevvieviiiiinennnann. Please specify as reported by the
was used? b. Not reported author.
What was the dose? TN Please specify as reported by the
b. Not reported author.
What was the route of a. Oral —individual...............
application? b. Oral — mass through feed ...
c. Oral — mass through water...
d. Aerosol...............
e. Sprayoneggs................
f. Injection.................
g. Other (please specify).........
h. Not reported
What was the frequency : OO For example, 2x/day.
of application? b. Not reported
If applied more thanonce, | a. ..............ooonens Please specify as reported by the
what was the time period | b. Not reported author.

between the applications?

c. Not applicable

Antimicrobials (if applicable)

What type of
antimicrobial(s) was
used?

Please specify the generic name and
the commercial name as reported.
For example, enrofloxacin/Baytril.

What was the dose?

b. Not reported

Please specify as reported by the
author.
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What was the route of
application?

a. Oral —individual...............
b. Oral — mass through feed ...

c. Oral — mass through water...
d. Aerosol..................

e. Sprayoneggs................

f. Injection.................

g. Other (please specify).........

h. Not reported

What was the frequency
of application?

a.
b. Regularly (if during the full
study period)

c. Not reported

For example, 2x/day.

If applied more than once,
what was the time period
between the applications?

Be et
b. Not reported
c. Not applicable

Please specify as reported by the
author.

Other feed and water additives (if applicable)

What feed and water
additive(s) was used?

Please specify as reported by the
author.

What was the dose?

. Not reported

Please specify as reported by the
author.

What was the route of
application?

a
b

a. Oral — individual...............
b. Oral — mass through feed ...

c. Oral — mass through water. ..
d. Aerosol..................

e. Sprayoneggs................

f. Injection.................

g
h

. Other (please specify).........

. Not reported

What was the frequency

a.
b. Regularly (if during the full

For example, 2x/day or 1x.

of application?
study period)
c¢. Not reported
If applied more than once, | @. ........cceoeeeenen... Please specify as reported by the

what was the time period
between the applications?

b. Not reported
c. Not applicable

author.

Competitive exclusion (if applicable)

What was the strain(s)
used?

Please specify the generic name and
commercial product name as
reported. For example, Broilact. If
undefined culture please report as
following: Undefined, source (e.g.
cecal contents from Salmonella free
broilers), incubation time(s) (e.g.
24h). Please specify if these differ
between trials using T1, T2... Tn.

What was the dose?

b. Not reported

Please specify as reported by the
author. For example, 1mL x 10*
g/mL.
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What was the route of a. Oral —individual...............
application? b. Oral — mass through feed ...
c¢. Oral — mass through water...
d. Aerosol..................
e. Sprayoneggs................
f. Injection.................
g. Other (please specify).........
h. Not reported
What was the frequency Ae e For example, 2x/day.
of application? b. Regularly (if during the full
study period)
c. Not reported
If applied more than once, | a. .....cccvveveineiniann. Please specify as reported by the
what was the time period | b. Not reported author.
between the applications? | c. Not applicable

Bacteriophage and bacteriocins (if applicable)

What was the strain used?

Please specify as reported by the
author.

What was the dose? VU P Please specify as reported by the
b. Not reported author.
What was the route of a. Oral —individual...............
application? b. Oral — mass through feed ...
c. Oral — mass through water...
d. Aerosol..................
e. Sprayoneggs................
f. Injection.................
g. Other (please specify).........
h. Not reported
What was the frequency Be e For example, 2x/day.
of application? b. Regularly (if during the full
study period)
c. Not reported
If applied more than once, | a. ....ccooveieieinn.. Please specify as reported by the
what was the time period | b. Not reported author.

between the applications?

c. Not applicable

Feed withdrawal (if applicable)

What was the time period | a........................ Please specify in minutes/hours.

between withholding feed | b. Not reported

or water and transport of

broilers?

What was the durationof | a..................o Please specify in minutes/hours.

transport? b. Not reported

Biosecurity (if applicable)

What biosecurity method | .................ol Please provide the name of the

was used? intervention and a detailed
description.

If applicable, list all Aot Please specify as reported by the

chemicals that were used. | b. Not applicable author.

If applicable, what was Beenenneenanenaenneans Please specify as reported by the

the chemical(s) b. Not reported author.

concentration? c. Not applicable

What was the level of a. Farm................... a. Farm includes studies performed at

application? b. Cage/crate................... breeding farms, hatcheries and grow-




c. Transport vehicle............
d. Processing slaughter plant...
e. Other (please specify)......
f. Not reported

out farms.

b. Cage/crate are the containers used
when catching and transporting the
broilers to slaughter.

¢. Transport vehicle includes car,
truck or rail.

d. Processing includes live-bird
supply to the slaughterhouse (lairage),
all slaugher, evisceration, wash and
chilling activities up to secondary
processing. Secondary processing
includes cut-up, de-boning,
partitioning and grinding of raw
chicken carcasses. Third processing
is out of scope of this project, and
includes marination, coating, frying,
smoking, grill marking and
formulations (heat and eat). Freezing,
packing and storage of raw chicken
products and retail is out of scope of
this project.

What was the frequency Aot Please specify as reported by the
of application? b. Not reported author.
If applied more than once, | a...................... Please specify as reported by the

what was the time period
between the applications?

b. Not reported
c. Not applicable

author.

If chemicals/water was
used, what was the
temperature?

b. Not reported

c. Not applicable

Please specify as reported by the
author.

If chemicals/water was
used, what was the
pressure?

b. Not reported

c. Not applicable

Please specify as reported by the
author.

Scalding (if applicable)

How many scald tanks W, Please specify as reported by the
were used? b. Not reported author.
What was the water TSR Please specify as reported by the

temperature in the scald
tank?

author.

What was the water pH in
the scald tank?

Please specify as reported by the
author.

If chemicals were used,
list them.

Please specify as reported by the
author. Examples include chlorine
and trisodium phosphate.

If chemicals were used, Bt Please specify as reported by the
what was the b. Not reported author.

concentration? ¢ Not applicable

What was the scalding RO Please specify as reported by the
time for one application? | b. Not reported author.

What was the frequency Buiiiiieiiieeieeas Please specify as reported by the
of application? b. Not reported author.

If applied more than once, | a. .........ocevenene. Please specify as reported by the

what was the time period
between the applications?

b. Not reported

c. Not applicable

author.
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Treatment spraying or dipping carcasses (if applicable)

If chemicals were used, Bereineieeieeeaae Please specify as reported by the
list them. b. Not applicable author. Examples include chlorine
and trisodium phosphate.
If applicable, what was PPN Please specify as reported by the
the chemical(s) b. Not reported author.
concentration? c. Not applicable
What was the treatment a. Spraying..............cooeeee. Please specify as reported by the
time for one treatmentof | b. Dipping..........c.coecevennnn. author.
spraying/dipping? c. Not reported
What was the Bureineiiieeeenans Please specify as reported by the
water/chemical pressure? | b. Not reported author.
What was the - N Please specify as reported by the
water/chemical b. Not reported author.
temperature used for
spraying/dipping?
What was the Biviiiiiiiiiieeeene Please specify as reported by the
water/chemical pH? b. Not reported author.
What was the frequency Biitiiiiiiiiiie Please specify as reported by the
of application? b. Not reported author.
If applied more than once, | a. .........cccooeeenenin.n. Please specify as reported by the
what was the time period | b. Not reported author.
between the applications? | c. Not applicable
Chilling (if applicable)
What types of chilling a. Counter current immersion a. Counter current immersion
methods were used? chilling. .. chilling is where the flow of the
b. Parallel flow immersion chilling water runs opposite to the
chilling...... flow of broiler carcasses.
c. Airchilling.................... b. Parallel flow immersion chilling
d. Other................ is where the flow of the chilling water
e. Not reported runs in the same direction as the flow
of broiler carcasses.
c. Air chilling is where broiler
carcasses are hung by shackles and
moved through coolers with rapidly
moving air.
d. Other: If not listed above, please
indicate here.
If chemicals were used in | @.........ccoeeninnes Please specify as reported by the
the chilling tank, list b. Not applicable author. Examples include chlorine
them. and trisodium phosphate.
If applicable, what was TR Please specify as reported by the
the chemical(s) b. Not reported author.
concentration? c. Not applicable
What was the temperature | a..............cceevennn. Please specify as reported by the
of the chilling tank? b. Not reported author.
What was the pH of the U Please specify as reported by the
chilling tank? b. Not reported author.
What was the treatment Bt Please specify as reported by the
time of chilling? b. Not reported author.
What was the frequency Berreeiieiniineenaans Please specify as reported by the
of application? b. Not reported author.
If applied more than once, | a. ........cccoeveveenne. Please specify as reported by the
what was the time period | b. Not reported author.




between the applications? |

c. Not applicable

Final wash (if applicable)

List any chemicals used in
the final wash

B
b. Not applicable

Please specify as reported by the
author. Examples include chlorine
and trisodium phosphate.

If applicable, what was
the chemical(s)

ORI
b. Not reported

Please specify as reported by the
author.

concentration? c. Not applicable

What was the treatment : TSP Please specify as reported by the
time for final wash? b. Not reported author.

What was the temperature | a.............c.cc....... Please specify as reported by the

of the final wash?

author.

What was the pH of the
final wash?

a
b. Not reported

Please specify as reported by the
author.

What was the pressure of | a.................o...e. Please specify as reported by the
the final wash? b. Not reported author.
What was the frequency : PP Please specify as reported by the
of application? b. Not reported author.
If applied more than once, | a..........c.c....ceeeee Please specify as reported by the

what was the time period
between the applications?

b. Not reported
c. Not applicable

author.

Other Interventions (if ap

licable)

Describe the intervention
as reported in the paper

Please provide the name of the
intervention and a detailed description
as reported by the author.

Route of application

Please specify as reported by the
author.

Dose/concentration of

Please specify as reported by the

intervention b. Not reported author.
c. Not applicable
What was the length of Be e Please specify as reported by the

the application?

b. Not reported
c. Not applicable

author.

Frequency of application?

b. Not reported
c. Not applicable

Please specify as reported by the
author.

If applied more than once,
what was the time period
between the applications?

b. Not reported
c. Not applicable

Please specify as reported by the
author.

CHALLENGE STRAIN INFORMATION (if applicable)

What was the challenge
strain?

a. Typhimurium ............

b. Enteritidis......................
c. Other (please specify).........
d. Not reported

Please specify as reported by the
author. For example, Typhimurium
ATCC 14028, nalidixic acid resistant.

What was the route of
application?

a. Oral — individual............

b. Oral — mass through diet......
c. Oral — mass through water...
d. Applied to carcass or piece of
carcass- individual..........

e. Seeder birds.............

f. Other (please specify).........

g. Not reported

When were the

birds/carcasses challenged

a. Before the intervention......
b. Between intervention

Please specify the time between
challenge and intervention, as
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with Salmonella?

applications...........

c. Simultaneously with the
intervention

d. After the intervention..........
e. Before and after the

reported by the author.

intervention..........

f. Not reported
What was the challenge a. Dose....oovvineniiiiiiinn Please specify as reported by the
dose/ contact time, if b. Contact time.................. author. For example, 5%10% cfu. For
applicable? ¢. Not reported carcasses/pieces, record the contact

time (i.e. the length of time the
challenge was kept on the carcass).

What was the frequency
of application?

b. Not reported

Please specify as reported by the
author.

OUTCOME - NOTE THAT SALMONELLA 1S THE

INTERESTED IN

ONLY OUTCOME WE ARE

What test(s) were used to
monitor Salmonella?

a. Bacteriological culture
b. PCR (Polymerase Chain
Reaction)

c. Other (please specify).........
d. Not reported
If bacterial culture, a. Enrichment media.............. Please specify as reported by the
specify the details. b. Enrichment time............... author.
G BRI |, Evichment i Evchmen
e. Culture time. ... . media refer§ to broth basgd media.
f. Culture temperature............ Plegse specify, fF)r eaqh different
g. Confirmation method......... enrichment me.dxa, their names and
h. Not reported supple?ment.s with a description of the
i. Not applicable order in which they were used (e.g.

phosphate buffered peptone water
THEN Rappaport-Vassiliadis broth
AND tetrathionate broth).

b. Enrichment time: Please specify
the enrichment time, as indicated by
the author, used for each type of
enrichment media (e.g. 18-24h THEN
24h AND 24h).

c. Enrichment temperature: Please
specify the enrichment temperature,
as indicated by author, used for each
type of enrichment media (e.g. 37°C
THEN 37°C AND 42°C).

d. Culture media: Culture media
refers to media capable of growing
Salmonella colonies. Please specify,
for each different plating media, all
the media names and supplements
used for plating with a description of
the order in which they were used
(e.g. BG sulfa agar AND modified
lysine iron agar THEN MacConkey
agar).

e. Culture time: Please specify the
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culture time, as indicated by the
author, used for each type of
enrichment media (e.g. 18-24h AND
24h THEN 24h).

f. Culture temperature: Please
specify the enrichment temperature,
as indicated by author, used for each
type of enrichment media (e.g. 37°C
AND 37°C THEN 37°C).

g. Confirmation method: Please
indicate how Salmonella was
confirmed including biochemical tests
that were conducted and if sent to a
reference laboratory (e.g. slide
agglutination with Poly-O and Poly-H
antisera, PCR, visual confirmation if
counting resistant marker strains,
reference lab, triple sugar iron agar,
lysine iron agar, Urea agar).

If referenced in another paper, please
answer ref in the text box.

If PCR, specify the a. PCRtype.....ccocnennnnee a. PCR type: For example real-time,
details. b. Cycle conditions................ multiplex, reverse transcriptase.

S. l;rlmer NAME......cevvennenen.. b. Cycle conditions: What DNA

. larget sequence.................

e. Not reported polymera§e enzyme was used,

f. Not applicable denatu;aﬂqn time/temperature,
annealing time/temperature and
extension time/temperature.

c. Primer name: If applicable,
indicate the name of the primers used,
often the same name as the target
sequence with different word
formatting. If not applicable, provide
author reference name and target
sequence (e.g. Oresnik et al. 2006 —
EcoR1).
d. Target sequence: Please report the
gene targeted by PCR to be amplified,
as reported by the author.
If referenced in another paper, please
answer ref in the text box.

Specify sensitivity (Sn) a. SN If applicable please indicate the Sn

and specificity (Sp)of the | b. Sp....c...coooiiiiii. and Sp of all tests used.

test(s) used. c. Not reported

What unit of a. Farms.......... If applicable, indicate the cut off level

sampling/cut-off level b. Hatcheries............ used for Salmonella positivity of all

was used to classify as c. Barns/House.............. levels.

Salmonella positive? d. Flocks............

e. Broiler chickens/day old a. Farms are plots of land devoted to

chickens............ raising animals, for example, broilers.

f. Breeding poultry............ b. Hatcheries a place where broiler




g. Broiler eggs.....
h. Slaughter plants

1. Batches/lots......

j. Carcasses/pieces

k. Other (please specify)..........

1. Not reported

eggs are hatched.

c. Barns are usually large buildings
for the storage/housing of broiler
chickens.

d. Flocks are groups of broilers raised
together.

e. Transport vehicles include trucks,
cars or trains used to transfer broiler
chickens from the barn to processing
facilities.

f. Day old chickens are from
hatching to 72 hours old.

g. Broilers are chickens, usually 6-8
weeks old and 3-5 pounds, raised
primarily for meat.

h. Breeding poultry include broiler
egg laying hens and cocks.

i. Broiler eggs are eggs intended for
hatcheries that produce broiler
chickens.

j- Slaughter plants are buildings
where broiler chickens are
slaughtered and processed.

k. Batches are groups of chickens
that come from the same farm or
source.

1. Carcasses include whole carcasses,
part of the carcass or skin from
carcasses.

m. Other: if the category is not
specified above, indicate here and
provide total sampled.

What secondary
outcomes, if any, were
measured in this study

Please list any outcome other than
Salmonella, for example, mortality or
weight gain. Please do not provide
any data on these outcomes.

RESULTS - NOTE THAT SALMONELLA 1S THE ONLY OUTCOME WE ARE

INTERESTED IN

Please use a different column for each Salmonella outcome.
Empty cells indicate that information was not reported.

Salmonella status in the broilers before intervention (if applicable)

Trial ID, if applicable

Please indicate the trial number. Please use the following coding
system (if possible): T1, T2, T3...... Tn.

Sample type

Text

Crate papers
Feces

Fecal swab
Cecal Swab

Crop contents
Lymph nodes
Carcass rinse
Carcass swab
Skin sample
Fluff

Intestinal contents
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Other (specify)

Sample weight

The measure of weight, volume (of rinse) or area swabbed. Please
indicate units as reported.

Samples per pool

Please indicate the number of samples pooled together prior to
laboratory analysis.

Pool weight

The sum of the pooled sample weight. Please indicate units as
reported (e.g. grams).

Serotype(s) targeted or
recovered

Please specify as reported by the author (e.g. S. Typhimurium, S.
Enteritidis).

Total samples

The total number of samples analyzed.

Total samples Salmonella

The total number of samples analyzed that were positive.

positive

Prevalence Number of positive units divided by the total number of units.
Prevalence 95% CI low 95% confidence interval.

Prevalence 95% CI high 95% confidence interval.

Prevalence SE/SD Standard error or standard deviation (please indicate which).
Concentration The mean concentration (e.g. cfu) of Salmonella in a sample.

Concentration 95% CI low

95% confidence interval.

Concentration 95% CI high

95% confidence interval.

Concentration SE/SD

Standard error or standard deviation (please indicate which).

Other

Open textbox for additional information.

Please use a different column for each Salmonella outcome.
Empty cells indicate that information was not reported.
Please try to input the data following the provided table in text from left to

right/top to bottom.

**Please remember to record the units**

Salmonella status in the broilers after intervention

Trial ID, if applicable

Please indicate the trial number. Please use the following coding
system (if possible): T1, T2, T3...... Tn.

Level of analysis

Examples include hatchery, day old chicks, broiler, farm, carcasses,
processing plants etc.

Point(s) in chain

Please indicate where sampling took place. For example, farm or
processing. Include as much detail as the author provides, for
instance, processing, after evisceration before final wash.

Frequency of measurement

Please indicate the frequency of measurement of the outcome of
interest
after applying the intervention.

Specify comparison groups

Please indicate the treatment each group (including the control)
received, or specify the parameter that makes the groups different
using

the following coding system (if possible): g0, g1, g2... gn. For
example, a trial that compares three different levels of CE doses:
g0=0

CE, g1=10°, g2=10%, g3=10° g/mL.

n

The number of subjects per treatment group (including the controls).

Sample type

Text

Feces

Fecal swab

Cecal Swab
Intestinal contents
Crop contents
Lymph nodes
Carcass rinse
Carcass swab
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Skin sample
Fluff
Other (specify)

Sample weight

The measure of weight, volume (of rinse) or area swabbed. Please
indicate units as reported.

Samples per pool

Please indicate the number of samples pooled together prior to
analysis.

Pool weight

The sum of the pooled sample weight. Please indicate units as
reported.

Serovar(s) targeted or
recovered

Please specify as reported by the author (e.g. S. Typhimurium, S.
Enteritidis).

Raw/unadjusted data

Total samples

The total number of samples analyzed. Please identify with relation
to comparison groups (g0, g1, g2...gn).

Total samples Salmonella
positive

The total number of samples analyzed that were positive. Please
identify with relation to comparison groups (g0, g1, g2...gn).

Prevalence

Number of positive units divided by the total number of units. Please
identify with relation to comparison groups (g0, g1, g2...gn).

Prevalence 95% CI low

95% confidence interval. Please identify with relation to comparison
groups (g0, g1, g2...gn).

Prevalence 95% CI high 95% confidence interval. Please identify with relation to comparison
groups (g0, g1, g2...gn).

Prevalence SE/SD Standard error or standard deviation (please indicate which). Please
identify with relation to comparison groups (g0, g1, g2...gn).

Concentration The mean concentration (e.g. cfu) of Salmonella in a sample. Please

identify with relation to comparison groups (g0, g1, g2...gn).

Concentration 95% CI low

95% confidence interval. Please identify with relation to comparison
groups (g0, gl, g2...gn).

Concentration 95% CI high

95% confidence interval. Please identify with relation to comparison
groups (g0, g1, g2...gn).

Concentration SE/SD

Standard error or standard deviation (please indicate which). Please
identify with relation to comparison groups (g0, g1, g2...gn).

Mean diff concentration

The mean concentration (e.g. cfu) of Salmonella in a sample.

MD concentration 95% CI
low

95% confidence interval.

MD concentration 95% CI 95% confidence interval.

high

MBD concentration SE/SD Standard error or standard deviation (please indicate which).
Analysis

Type of analysis The model or statistical test conducted to give the measure of

precision
and p-value. For example, t-test, chi-square, ANOVA.

Model adjusted by, if
applicable

List the random effects and fixed effects included in the model for
these
results.

Outcome type

Please specify the outcome. For example, binary (OR, RR), or
continuous (mean difference, LS means). This may also include log
OR, or a coefficient in the log scale.

Estimate of effect

Indicate the result of the test or model.

Measure of variability of
effect estimate

This may be a SD, SE, or 95%CI. Please specify with the results.

P-value The level of significance achieved by the risk factor.
IF Infection factor as reported by author.
PF Protection factor as reported by author.
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Other

Open textbox for additional information.

Additional comments

If the reviewer feels there is
something that was not captured in
the tool but should be acknowledged.
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Appendix 6. Data extraction form for prioritized prevalence and risk factor studies
identified in a scoping review on Salmonella in broiler chickens for
rigorous systematic review

GENERAL INFORMATION

Category Explanation
Variable

RefID from SRS | oo

Journal name | i

Author(s) name | L.

Publication year | ..iiciiiiiiiii,

Publication type a. Peer reviewed

b. Conference proceeding

c. Thesis

d. Government or research station report
e. Other (please specifiy)

Country/region/province/state| a. ..............coooeoiiiinia..
where the study was carried | b. Not reported

out.
In what year(s) wasthe data | a.................o
collected? b. Not reported

Cumulative length of the A o Time between first and last
study? b. Not reported collection of samples, and/or
survey or questionnaire data.
Please specify as reported
(days, months, or years).

Institution(s) that funded the | a. ...........cooooviiiiiat.

study b. Not reported

What is the study design? a. Cohort study................ Trial: One of a number of
** When more than one b. Case-control study............... repetitions of an experiment.
trial exists in a study: c. Cross-sectional study......... a. Cohort study: A group of
indicate in the text box an d. Prevalence Survey............... animals exposed to a
acronym per study design e. Longitudinal prevalence......... hypothesized risk factor

(e.g. T1, T2, T3) and follow | f. Other (specify)............ (exposure), and a group not
this notation through the g. Not an observational study, stop exposed to the factor are
tool. reviewing and contact Ashley Farrar selected and observed over

the study period to record
development of disease in
each group.

b. Case-control study: A
group of diseased animals
and a group of non-diseased
animals are selected and
compared with respect to the
presence of the
hypothesized risk factor
(exposure).

c. Cross-sectional study: A
study done at a single point
in time to investigate the
prevalence and distribution
of disease and hypothesized
risk factors within the
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population.

d. Prevalence survey: A
study that measures
outcome (prevalence and
distribution of disease only)
at a single point in time.

e. Longitudinal
prevalence: A study that
measures outcome
(prevalence and distribution
of disease only) at multiple
points in time on the same
population.

f. Other: Hybrid or other
designs.

POPULATION
What is the target a. described by author ...............
population that the sample b. not described by author
population is representing?
Age-group(s) of the study a. Broiler Eggs.................... a. Broiler eggs: are eggs
population b. Day old chicken................... intended for hatcheries that
c. Broilers (indicate age/size)............. produce broiler chickens.
d. Broiler breeders (hens/cocks).......... b. Day old chickens: are
e. Other (specify)........c.cevvininnn. from hatching to 72 hours
f. Not reported old.
c. Broilers: are chickens,
usually 6-8 weeks old and 3-
5 pounds, raised primarily
for meat.
d. Broiler breeders: include
broiler egg laying hens and
cocks.
e. Other: Please specify
What is the breed(s) of T
broilers sampled in this b. Not reported
study?
Point(s) in chain where a. Farm a. Farm includes breeding,
sampling took place. b. Transport hatchery and grow-out
c. Processing farms
d. Other (specify)................ b. Transport involves

catching and transport to
slaughter

c. Processing includes:
primary and secondary
processing. Secondary
processing includes cut-up,
de-boning, partitioning and
grinding of raw chicken
carcasses up to the point of
freezing.

Farm (if applicable)
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If farm level, what was the
setting?

a.
b.

Commercial farm
Research farm

a. Commercial farms
include operations rearing
broilers in a commercial
setting.

b. Research farms include
operations affiliated with
Universities and/or research
organizations. Usually they
are smaller farms with high
biosecurity standards and do
not resemble commercial
farms.

If farm level, what is the
type of farm sampled?

a. Broiler breeder farm (parent/
grandparent flock)

b. Hatcheries

c. Grow-out farms (broiler farm)

a. Broiler breeder farms
produce hatching eggs
intended for hatcheries.

b. Hatcheries produce day

d. Other (specify)........ccoceuenennnne. old broiler chickens.
c. Grow out farms produce
broilers to be marketed for
meat production.
If commercial farm, indicate | a. ...........ccoiiiiiiiiininin, Please specify as reported.
size of farm. b. Not reported May include the number of
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broilers produced per
production cycle year, the
average, median or range of
flock size.

Transport (if applicable)

If transport, what was the
number of crates/cages per
truck?

o
z
=]
L
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S
]
3
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a

Crates/cages are the
containers used for
transporting broilers.

If transport, what was the TR Please indicate as reported

number of broilers per b. Not reported by the author.

crate?

If transport, what was the - W Vehicles include trucks,

number of vehicles used? b. Not reported cars, and rail.

If transport, what was the A Please specify

duration of transport from b. Not reported minutes/hours/days.

farm to the slaughter plant?

Processing (if applicable)

If commercial processing, : NP Please indicate the number

indicate the slaughter b. Not reported of broilers slaughtered per

capacity hour/ day/week/month/year
or the average, median or
range of broilers
slaughtered.

Number sampled

Please indicate the total a. Farms ............... Please provide data as

number of each sampled. b. Hatcheries........... reported. For example, if

e. Transport vehicles

f. Day old chickens.............

g
h.

i.

Broiler chickens......................

Breeding poultry.............

Broilereggs ..........cccoevunn....

they give the number of
farms/flocks and chickens,
but not the number of barns,
do not put an answer in
barns. Note that this is the
study total, not how many
flocks are in a barn.




J- Slaughter plants.................
k. Batches/lots....................

n. Not reported

a. Farms are plots of land
devoted to raising animals,
for example, broilers.

b. Hatcheries a place where
broiler eggs are hatched.

c. Barns are usually large
buildings for the
storage/housing of broiler
chickens.

d. Flocks are groups of
broilers raised together.

e. Transport vehicles
include trucks, cars or trains
used to transfer broiler
chickens from the barn to
processing facilities.

f. Day old chickens are
from hatching to 72 hours
old.

g. Broilers are chickens,
usually 6-8 weeks old and 3-
5 pounds, raised primarily
for meat.

h. Breeding poultry include
broiler egg laying hens and
cocks.

1. Broiler eggs are eggs
intended for hatcheries that
produce broiler chickens.

j- Slaughter plants are
buildings where broiler
chickens are slaughtered and
processed.

k. Batches are groups of
chickens that come from the
same farm or source.

1. Carcasses include whole
carcasses, part of the carcass
or skin from carcasses.

m. Other: if category is not
specified above, indicate
here and provide total
sampled.

Inclusion/Exclusion criteria

List the inclusion/exclusion
criteria reported in the study
for the farm level.

b. Hatcheries...........

c. Barns/House...............

d. Flocks................

e. Transport vehicles...............

f. Day old chickens.............

g. Broiler chickens......................
h. Breeding poultry.............

i. Broilereggs ......c....cocvvvnnnn.n.

j- Slaughter plants............

k. Batches/lots...............

a. Farms are plots of land
devoted to raising animals,
for example, broilers.

b. Hatcheries a place where
broiler eggs are hatched.

c. Barns are usually large
buildings for the
storage/housing of broiler
chickens.

d. Flocks are groups of
broilers raised together.

e. Transport vehicles




m. Other.....................
n. Not reported

include trucks, cars or trains
used to transfer broiler
chickens from the barn to
processing facilities.

f. Day old chickens are
from hatching to 72 hours
old.

g. Broilers are chickens,
usually 6-8 weeks old and 3-
5 pounds, raised primarily
for meat.

h. Breeding poultry include
broiler egg laying hens and
cocks.

i. Broiler eggs are eggs
intended for hatcheries that
produce broiler chickens.

j- Slaughter plants are
buildings where broiler
chickens are slaughtered and
processed.

k. Batches are groups of
chickens that come from the
same farm or source.

1. Carcasses include whole
carcasses, part of the carcass
or skin from carcasses.

m. Other: if the category is
not specified above, indicate
here and provide total
sampled.

OUTCOME

What test(s) were used to
monitor Salmonella?

. Bacteriological culture
. PCR (Polymerase Chain Reaction)

Please specify as reported
by the author.

If bacterial culture, specify
the culture media used.

T e oo oplo o

Enrichment media................

. Enrichment time..................
. Enrichment temperature ........
. Culture media.....................
. Culture time.......................

Culture temperature..............

. Confirmation method............
. Not applicable

a. Enrichment media:
Please specify, for each
different enrichment media,
all culture media names and
supplements used to culture
(e.g. phosphate buffered
peptone water, Rappaport-
Bassiliadis broth,
tetrathionate broth).

b. Enrichment time: Please
specify the enrichment time
(e.g. 24 hours).

c. Enrichment
temperature: Please
specify the enrichment
temperature (e.g. 37°C).

d. Culture media: Please
specify, for each different
plating media, all the plating
media names and
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supplements used for plating
(e.g. BG Sulfa plates
containing 200 ppm
nalidixic acid, modified
lysine iron agar plates,
Rambach agar).

e. Culture time: Please
specify the enrichment time
(e.g. 24 hours).

f. Culture temperature:
Please specify the
enrichment temperature (e.g.
37°C).

g. Confirmation method:
Please indicate how
Salmonella was confirmed
(e.g. Agglutination, PCR).

If referenced in another
paper, please answer ref in
the text box.

If PCR, please specify the
reported PCR used with
basepairs.

a. PCRtype...........cc....

b. Cycle conditions..................
c. Primer Name..................

d. Target sequence................
e. Not applicable

a. PCR type: For example
real-time, multiplex, reverse
transcriptase.

b. Cycle conditions: What
DNA polymerase enzyme
was used, denaturation
time/temperature, annealing
time/temperature and
extension time/temperature.
¢. Primer name: If
applicable, indicate the
name of the primers used,
often the same name as the
target sequence with
different word formatting.
If not applicable, provide
author reference name and
target sequence (e.g.
Oresnik et al. 2006 —
EcoR1).

d. Target sequence: Please
report the gene targeted by
PCR to be amplified, as
reported by the author.

If referenced in another
paper, please answer ref in
the text box.

If reported, specify
sensitivity (Sn) and
specificity (Sp) of the test(s)
used.

If applicable please indicate
the Sn and Sp of all tests
used.

What cut-off level/unit of

sampling was used to
classify farm/flock/bird

If applicable, indicate the
cut off level used for
Salmonella positivity of all




positive?

d. Flocks............

e. Trucks............

f. Broiler chickens............
g. Breeding poultry............
h. Broiler eggs........

i. Slaughter plants........

J- Batches/lots...............

m. Not reported

levels.

a. Farms are plots of land
devoted to raising animals,
for example, broilers.

b. Hatcheries a place where
broiler eggs are hatched.

c. Barns are usually large
buildings for the
storage/housing of broiler
chickens.

d. Flocks are groups of
broilers raised together.

e. Transport vehicles
include trucks, cars or trains
used to transfer broiler
chickens from the barn to
processing facilities.

f. Day old chickens are
from hatching to 72 hours
old.

g. Broilers are chickens,
usually 6-8 weeks old and 3-
5 pounds, raised primarily
for meat.

h. Breeding poultry include
broiler egg laying hens and
cocks.

i. Broiler eggs are eggs
intended for hatcheries that
produce broiler chickens.

j- Slaughter plants are
buildings where broiler
chickens are slaughtered and
processed.

k. Batches are groups of
chickens that come from the
same farm or source.

1. Carcasses include whole
carcasses, part of the carcass
or skin from carcasses.

m. Other: if the category is
not specified above, indicate
here and provide total
sampled.

Serovar(s) targeted or
recovered?

a. S. Typhimurium..................... ..
b. S. Enteritidis............c.ooooiin.

Please specify as reported
by the author.

RESULTS (use one column per Salmonella x risk factor combination)

General Sample Data

Trial # (if applicable)

Text

Time

Only for longitudinal studies.

Indicate time relative to other samples

Place

Only for multi-stage prevalence.

Indicate the point of sampling in the continuum.
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If this is a cohort study

What was the prevalence of Salmonella shedding at the beginning
of the study?

Unit of observation?

Level at which data was gathered

Sample type

Text

Feces

Fecal swab
Cecal Swab
Intestinal contents
Crop contents
Lymph nodes
Carcass rinse
Carcass swab
Skin sample
Fluff

Other (specify)

Sample weight

The measure of weight, volume (of rinse) or area swabbed.
Please indicate units as reported.

Samples per pool

Please indicate the number of samples pooled together prior
to laboratory analysis

Pool weight

The sum of the pooled sample weight.
Please indicate units as reported (eg. grams)

except CC, or concentration)

Overall Prevalence/Concentration (Any observational design may provide overall prevalence,

Total samples

The total number of samples analyzed.

Total samples Salmonella
positive

The total number of samples analyzed that were
positive.

Prevalence

Number of positive units divided by the total
number of units.

Prev 95% CI low

95% confidence interval.

Prev 95% CI high

95% confidence interval.

Prev_SE/SD

Standard error or standard deviation (please indicate which).

Concentration

The mean concentration (e.g. cfu) of Salmonella in a sample.

Conc 95% CI low

95% confidence interval.

Conc 95% CI high

95% confidence interval.

Conc_SE/SD

Standard error or standard deviation (please indicate which).

Mean diff Concentration

The mean concentration (e.g. cfu) of Salmonella in a sample.

MD Conc 95% CI low

95% confidence interval.

MD Conc 95% CI high

95% confidence interval.

MD Conc_SE/SD

Standard error or standard deviation (please indicate which).

Other

Open textbox for additional information.

Empty cells indicate that information was not reported.

Risk Factor Data (cohort, case-control, X-sectional designs)

Describe the risk factor:

What is the risk factor as described by the author. If some
sort of treatment for example, also fill in the other details
provided by the author. (cohort, XS, CC designs)

a- RF route of application

If applicable

(time between)

b- RF dose/ concentration If applicable
c-RF length of application If applicable
d-RF frequency of application If applicable

Raw Risk Factor Data

RF+ n (number sampled)

| Total number of samples in the risk factor +ve group.
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RF+/ Salmonella +

Binary result = number of salmonella positive samples
in the risk factor +ve group

RF+ Salmonella concentration

Continuous outcome in the risk factor +ve group

RF+ measure of variability

Measure of precision e.g. SE, SD, 95% Cl in the risk
factor +ve group

RF- n (number sampled)

Total number of samples in the risk factor -ve group.

RF-/ Salmonella +

Binary result = number of salmonella positive samples
in the risk factor -ve group

RF- Salmonella concentration

Continuous outcome in the risk factor -ve group

RF- measure of variability

Measure of precision e.g. SE, SD, 95% CI in the risk
factor -ve group.

Risk Factor Analysis — adjusted and/or unadjusted

Type of Analysis (stat test/

The model or statistical test conducted to give the measure

model) of precision and p-value.

Risk Factor This is the type of exposure variable(s) of interest that is
potentially associated with Salmonella presence

Outcome type Please specify the outcome. For example, binary (OR, RR),

or continuous (mean difference, LS means). This may also
include
log OR, or a coefficient in the log scale.

Specify comparison groups (if
applicable)

What groups are being compared?

estimate of effect

If this was analysed in a regression model the coefficient
may be available or Odds ratio or relative risk or
concentrations etc. (e.g. concentration difference)
(please indicate units.)

95% Conc_low

95% confidence interval.

95% Conc_high

95% confidence interval.

RF_SE/SD Standard error or standard deviation (please indicate which).
P-value The level of significance achieved by the risk factor.
Model adjusted by List the random effects and fixed effects included in the

model for these results.

Other information

Open textbox for additional information.

Other Outcome

IF — infection factor

Infection factor as reported by author.

PF — protection factor

Protection factor as reported by author.
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Appendix 7. Guidelines for relevance tool 1 in a scoping review of Salmonella in
broiler chickens

1. What to do with surveillance reports?
Please classify as primary research, because most of the time they report original routine
(passive) diagnostic data, and sometimes active surveillance data. This will be
documented as a specific feature of this review.

Those surveillance reports that only mention pullorum/gallinarum serovars will be
excluded through question 2.

Those reports that report serovars of public health importance will be included in
question 3 as prevalence studies (either inside or outside of North America).

2. What to do with studies that measure serovars prevalence?
Please include these studies (under prevalence studies in question 3) as long as they
report serovars of public health importance.

3. What to do with studies that measure contamination not in broilers?
For studies that evaluate interventions for which the outcome (Salmonella) was not
measured either in hatching eggs, alive chicken (including faecal samples) or raw poultry
should be excluded.

4. What is the difference between an intervention study and a risk factor
study?

In short, an intervention study is one of experimental design (randomized control trial or
challenge trial) and a risk factor study is an observational study (cohort, cross-sectional,
case-control). However, it is possible that some interventions may be studied with a
cohort design. If a study uses a cohort design to evaluate an intervention, it should be
classified as an intervention. In addition, some risk factors are interventions (things that
we do to the poultry while raising them) and some are just observations (age/sex etc. that
may modify the outcome for some reason).

In the case of observational studies that model a number of risk factors including

management interventions, in question three, please just answer yes to risk factor study
(and not intervention study also).
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Appendix 8. Guidelines for relevance tool 2 in a scoping review of Salmonella in
broiler chickens

Intervention study designs: Interventions are most likely going to be studied as
controlled trials or challenge trials. In rare cases, cohort study designs may be used to
evaluate an intervention. A controlled trial/challenge trial is any situation where the
researcher manipulates the environment. Some will be conducted under field conditions
and others will be conducted under lab or unnatural conditions (such a research farm). In
a challenge trial, the researcher will artificially infect the broiler/raw chicken product
with Salmonella. In a controlled trial, Salmonella measured is from natural infection.

Risk factor study designs: Risk factor studies will mostly refer to observational
studies. Observational studies are all studies where a sampling frame is selected 1)
without prior knowledge of E/D status (cross-sectional), 2) selected by E status and
followed for D status (cohort), and 3) selected by D status and examined for E status
(case-control). Some studies may model a number of “risk factors” (for example,
management). In this case, the study should be included as a risk factor.study, not an
intervention study.

Prevalence study designs: Prevalence studies often follow cross-sectional designs.

We will come across several types in this SR: 1) one measure at one stage in the
processing chain, 2) multiple measures (longitudinal) at one stage in the processing chain,
3) single measure at more than one stage in the processing chain (multi-stage prevalence),
and 4) multiple measures (longitudinal) at more than one stage in the processing chain
(multi-stage prevalence).

In order to be classified as a prevalence study the paper must provide: a numerator,
denominator, and the point in chain prevalence was measured. If a paper does not report
estimates in one of the above formats, it is not a prevalence study.

Additional points of interest

- Please label a study with each category it applies to. For example, a study can be both a
risk factor and prevalence study.
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Sample abstracts

Intervention — challenge trial

The influence of a feed additive level of virginiamycin on the course of an experimentally
induced Salmonella typhimurium infection in broilers.

Abou-Youssef, M. H., Di Cuollo, C. J., Free, S. M., and Scott, G. C.

The purpose of this study was to determine the effect of virginiamycin on the course of
an experimentally induced infection of Salmonella typhimurium in broilers. Several
parameters were evaluated, including effects on the persistence and duration of shedding
of the infecting Salmonella organism and its antibiotic resistance patterns. Virginiamycin
was administered to the experimentally infected group for 8 weeks in feed at
concentrations of 25 g/ton. This was compared to an infected control group not receiving
the antibiotic. No effects were exhibited by virginiamycin on Salmonella typhimurium
shedding and antibiotic resistance patterns.

Intervention — controlled trial
Control of Salmonella by acid disinfection of chicks food
Hinton, M., Linton, A. H., and Perry, F. G.

Four groups, each of 125 chicks, were fed a ration containing 0, 0.25%, 0.5% or 0.75% of
an 85% formic acid preparation. Weekly sampling of cloacal faeces and caecal contents
for 7 weeks revealed Salmonella of three serotypes in 52.5% of controls, 69% of the
group fed 0.25%, and none of those fed 0.5% or 0.75%.

Risk factor — observational study
A retrospective study on Salmonella infection in Danish broiler flocks.
Angen, O., Skov, M. N., Chriél, M., Agger, J. F., and Bisgaard, M.

A retrospective longitudinal study was conducted to identify risk factors associated with
Salmonella enterica infection in Danish broiler production. The study was based on
information in the ante-mortem database (AM database) where data were available for all
broiler flocks slaughtered over the 2-year period from 1992-93 in Denmark. The AM
database contains information collected by the ante-mortem veterinarians, from the
slaughterhouses, and from the salmonella examinations carried out at the National
Veterinary Laboratory. The epidemiological unit was the individual broiler flock. The
salmonella status of the flock was determined by examining the caecal tonsils from 163-
week-old chickens from each flock. This procedure would detect a salmonella-infected
flock, with a probability >95%, if the prevalence is >20%. Furthermore, the structure and
quality of the collected data have been evaluated. 14 variables were selected for analysis
by multivariable logistic regression. An increased risk of salmonella infection in the
broiler flocks was associated with the biggest hatcheries and feedmill, with an increasing
number of houses on the farm, if the preceding flock was infected, and if the flock was
reared in the autumn. Additionally, the main variables of the model were analysed by
including a random effect at the house level. This resulted only in minor changes of the
parameter estimates.
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Prevalence study

Characterization of Salmonella isolates from beef cattle, broiler chickens and human
sources on Prince Edward Island

Abouzeed, Y. M., Hariharan, H., Poppe, C., and Kibenge, F. S. B.

Non-typhoid Salmonella serovars remain a potential threat to human health, and beef
cattle and broiler chickens are possible sources of these organisms on Prince Edward
Island (PEI). In this study, the ceca of beef cattle belonging to fasted and non-fasted
groups, and broiler chickens were examined for Salmonella at the time of slaughter. The
characteristics of the isolates, including antimicrobial resistance patterns and virulence
genes, were studied along with the isolates obtained from cases of human salmonellosis
on PEI during the study period (1996-97). The prevalence of Salmonella in beef cattle
was 4.6% (11/240). The rate was significantly higher in fasted cattle (7.46%), than in
non-fasted cattle (0.94%). The prevalence rate in chickens was 32.5% (39/120). In beef
cattle, Salmonella typhimurium phage type (PT) or definitive type (DT) 104 which was
resistant to ampicillin, chloramphenicol, streptomycin, sulfisoxazole and tetracycline,
was the most predominant type (64%). In chickens, S. heidelberg, with resistance to
gentamicin, streptomycin and sulfisoxazole, predominated. Of 26 isolates from humans,
the most common serovar was S. typhimurium, including a multidrug-resistant strain of
DT104. Examination by PCR revealed presence of the virulence gene invA in all
serovars, and the spvC gene in all S. typhimurium isolates, of both beef cattle and human
origin. Among the other serovars the latter gene was found in 7 human isolates, but in
none of the chicken or beef isolates. All but 3 of the spvC-positive isolates possessed a 90
kilobasepair (kbp) plasmid suggesting that the 3 isolates had the spvC gene on their
chromosome. These findings were confirmed by plasmid DNA isolation using 3 different
protocols and by sequence analysis of the spvC-PCR product. (C) 2000 Elsevier Science
Ltd. All rights reserved.

Multi-stage prevalence

Effects of water chillers on bacterial quality of poultry carcasses in industrial
slaughterhouses of Tehran and Gilan provinces.

Akhondzadeh, A., Misaghi, A., Bokaei, S., Zahraei Salehi, T., and Eshpari, H.

Objective: To study the effects of water chiller on microbiological quality of poultry
carcasses before and after chilling process in 11 slaughterhouses of Tehran and Gilan
provinces, Iran. Samples: 75 poultry carcasses were collected from 11 industrial
slaughterhouses of Tehran and Gilan provinces. Method: 51 poultry carcasses were from
9 industrial slaughterhouses of Tehran province and 24 poultry carcasses from 2
industrial slaughterhouses of Gilan province, before and after chilling process, were
collected and analysed bacteriologically according to American Public Health
Association method. The free chlorine content and temperature of water for every chiller
was also measured. Results: Total coliform count of poultry carcasses which were
collected after chilling showed higher microbial loads than before chilling in Tehran.
Paired-samples T test indicated a significant difference (P<0.05). One of 51 carcasses
which were collected after chilling in Tehran and all the carcasses collected in Gilan,
before and after chilling, were positive for Escherichia coli. The isolated serotypes were
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0O119:B14, 0128:K67, O78:K80, O2:K1 and H7. One of 51 poultry carcasses from
Tehran province was Salmonella enteritidis positive after chilling. Free chlorine content
of water in 8 slaughterhouses located in Tehran province was not measurable. Therefore,
it was measured in water of one of the slaughterhouses in Tehran and 2 slaughterhouses
of Gilan which were 0.5, 1.0 and 0.1 ppm, respectively. The mean temperatures+or-
standard error of water in chillers of the slaughterhouses of Gilan were 6.1+or-1.4 and
6.5+0r-0.7 degrees C respectively. Conclusion: According to the results, water chillers
may be considered as a risk for bacterial contamination of poultry carcasses. Therefore,
hygienic quality control is very important.
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Appendix 9.  Guidelines for methodological assessment of studies in prioritized
systematic reviews

General Questions

Q. How do I know which questions to answer for which study design?
A. Please refer to the hard copy of the QA tool. Study designs appropriate for
each question will also be listed after the question in SRS.

Q. What to do when a study has more than one trial and/or both intervention and
prevalence data?
A: If answers are the same, answer QA. If answers are different please contact
Ashley and she will duplicate the reference in SRA and the QA form will be filled
out twice.

Q. I found a paper that is not relevant, what do I do with it?
A. Please email Ashley and do not QA until further notice.
Major criteria for intervention studies to keep an eye out for:

1) Measurement must be in broilers (papers that only use environmental samples
or evaluate in vitro should be excluded at RT 2).

2) Data must be from chickens only. Data collapsed with other types of animals
and poultry should be excluded at RT 2. This includes data collapsed between
broilers and layers.

Major criteria for prevalence/risk factor studies to keep an eye out for:

1) Must include a numerator, denominator and location of sampling.

2) Any studies that measure prevalence in clinically ill/dead birds should be
excluded at RT 2.

3) Measurement must be in broilers (papers that only use environmental samples
or evaluate in vitro should be excluded at RT 2).

Q. I'have been assigned some papers that haven’t been uploaded into SRS. Why?
A. These are being uploaded as we receive them.

Q. I'have been assigned some refids that are abstracts or conference proceedings, what
do I do with these?
A. Ashley has been contacting authors to try and get full papers of those she
could not link to a publication already in the database. If full papers cannot be
found, we need to assess whether or not results are provided > If yes, QA; If no,
please contact Ashley and do not QA until further notice.

Q. I'have full papers with no or missing results (for example, tables missing from paper).
What do I do with these?
A. Please QA these articles and make a note in the final QA question textbox
indicating what is available (if anything) if you don’t think any data is useful.

Question 1: “What is the study design specified by the author?”
Q. How specific does the study design have to be for the “other” category?
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A. The definition in the tool specifies that the “other” category is for hybrid or
other designs that are clearly stated in the article (title, keywords, abstracts,
methods). This means they must be very specific. If an author identifies it as an
observational study, trial, project etc., the answer is not reported.

Question 1/2: “What is the study designed specified by the author/identified by the
reviewer?”
Q. If the investigators rent a corner of a large commercial operation and apply a
treatment to 250 birds, is this a field based trial?
A. Yes — for the purposes of questions 1,2, answer either CT or ChT (depending
on study design), but the fact that it is a field trial has implications on whether or
not questions in the tool are applicable (questions 4, 5, 7, 8).

Question 3: “Was the sample size justified?”

Q: Is this question asking if the sample size is justified, or if the sample population is

representative of the target population?
A: We want to know if they said why or how they decided to sample what they
did (whether or not it was justified). Question 7 will assess the representativeness
of the sample.

Questions 5,6,7: “How were operations (hatchery/farm/processors) or
(batch/flock/pen) or (egg/broiler/carcass) selected to participate in this study?”’
Q: How are we to answer if there are different answers for different levels (e.g. processor
is convenient, and farm is random)?
A: There will be a textbox for each answer in SRS where you can indicate which
level your response is for.

Question 8: “Were the birds housed, grouped or slaughtered in a way that is
representative of field conditions?”
Q: How do I know if the conditions are representative?
A: The minimum number per house is 15, 000, but please also refer to the
environment and density.

Question 11: “Were the exposure and/or risk factors sufficiently described and

measured appropriately?”

Q: What’s the difference between exposure and risk factors?
A: The exposure in cohort, case control and cross-sectional studies is whatever
the researcher is measuring. For example, exposure could be a vaccine,
antimicrobial in feed, single vs. triple tank, etc. In some studies “exposure” and
“risk factors” will be very clearly separate, and in others, it will be quite muddled.

Q: Is this referring to risk factors the authors mention in the paper, or are we expected to
know the range of risk factors they should be considering?
A: This is specifically a reported variable. If the author stated that big barns are at
greater risk, did they define what a big barn is?
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Question 13: “Were the intervention protocols described in sufficient detail to allow
reproduction of the experiment?”’
Q. If a study does not fully specify the composition of the competitive exclusion culture,
how should this question be answered?

A. Please answer yes. This problem will be dealt with at DE.

Question 16: “Was the time from intervention administration to first measurement
of outcome reasonable for the intervention to have had an effect?”
Q: How do I know if the time was reasonable?

A: Please refer to the guidelines for this question.

Question 17: “Was the sample population tested for Salmonella status/prevalence at
the beginning of the study?”
Q. If they used a strain of Salmonella that is selected for resistance to NA or some other
antimicrobial should the answer be not applicable?
A. Yes, however, if they used a special or rare strain but also tested the sample
population for Salmonella prior to the intervention, the answer should be yes.

Q. A study tested paper liners prior to the intervention administration, how do I answer
this question?
A. Please answer yes (this will be checked with Bob Wills and reviewers will be
notified of any changes).

Q. A study used specific pathogen free (SPF) birds, how do I answer this question?
A. Please answer no unless they mention testing the population for Salmonella
prior to intervention administration (this will be checked with Bob Wills and
reviewers will be notified of any changes).

Question 19: “Did the author report that blinding was used?”’

Q: Is this question specific to blinding of the outcome assessor?
A: No, the answer may be yes for this question if other types of blinding are used
(for example, if a farmer is blinded to the status of his birds — treatment or no
treatment, the answer would be yes).

Q: Does this have to be specified by the author in the paper to answer yes?
A: Yes, the author must clearly specify in the paper that blinding was used.

Question 20: ““Were the reasons for, and the proportion of, prospective participants
that declined participation reported?”
Q: Do both parts of this question have to be met to answer yes?

A: Yes, the reasons and the proportion must be reported to answer yes.

Question 21: “Were mortality, withdrawals and/or loss to follow-up <15% ?”’
Q: If the author doesn’t report loss to follow-up, how should we answer?

A: For studies that don’t indicate that there were any losses, the answer should be
yes (unless we can see from the initial enrolment to the sample size in the results there
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has been a loss greater than 15%). For studies that report losses but don’t provide
reasons and/or proportion, we would answer no (again, unless we can see this in initial
enrolment and sample size in the results). Basically, any study that provides initial
enrolment and sample size in the results, we need to check to make sure there hasn’t been
a loss greater than 15% in order to answer yes (however, not all studies will provide this,
and so the above guidelines should be followed in those cases).

Question 22: “Was the statistical analysis described adequately so they can be
reproduced?”’
Q: What if no statistical analysis is performed?
A: As indicated in question 23, if no statistical analysis is performed the answer
should be statistical analysis not done.

Q: What if I don’t see a statistical analysis, but a p-value is provided in the paper?
A: Any study that provides a p-value we will consider having conducted a
statistical analysis (including one-way ANOVA and t-tests). If the study provides
percentage with no p-value, this is not a statistical analysis (including IF’s and
PF’s). Please note that we are only interested in Salmonella as an outcome, not
other outcomes (such as performance measurements).

Question 23: “Were identified confounders controlled for or tested?”
Q: Is this referring to confounders the authors mention in the paper, or are we expected to
know the range of confounders they should be considering?
A: This is specifically a reported variable. Only confounders that the author
identifies in the paper are of concern to us.

Question 24: “Based on the study design, was clustering accounted for
appropriately in the analysis?”’
Q. How do I know if clustering is present? :
A. Is there group hierarchy, repeated measures or multiple replicates? Were the
results collapsed/pooled over the hierarchy, repeated measures or multiple
replicates?
If yes = Clustering > Did they use something to account for the clustering
in the analysis = If yes, answer yes on QA form; If no, answer no on QA form.
If no = No clustering = Answer N/A on QA form

Question 27: “Were model diagnostics presented?”

Q: Does ANOVA count as a model?
A: Yes, ANOVA may be included as a model. However, one-way ANOVA’s are
not considered to be a model (answer 26 with this information, and answer N/A
for question 27).

Question 28: ‘“Additional comments”

Q: What information are you looking for here?
A: This is a place the reviewer can comment if they feel there is something that
was not captured in the tool but should be acknowledged during QA.

200



10¢

Q0UIQJUO)) ISBASI(]

Annod uIaisopm WISTUBYOIUW QJUR)SISAI [BINJBU SAOUBYUD ISOI0R|

€6-76 0661  ,6€ U3 JO STUIPasd0I] Areya1( :Anpnod Jo UoTeZIUO[0D DJjaUOULIDS JO [ONUO)) "q' “JOLLIOD)
SIS[I0IQ UT $1d SIPIILIOIUL vjjauouyns surede

1-0S€ ‘PT)LET S661 09y "19A uoIsn[oXa 9ANNAdWOod uo JusuneaI) dNOIqNUE JO 103 ‘IN'N “Iopiog
JO1YS payojey

€e-9tr ‘(1D)gg 0861 OON U [ WY A[49u oY) Jo elof [eunsajul pue doxo ) jo uonendruey ‘W'H ‘saureq

S19paa1q J9101q Ut surerdoxd uoneuIOORA
Djj2UOWIDS O] JUSUIIBIT} UOISN[OX dANIIRdWO0D oYM pue

76-98¢€ (9)9 L00T TOS Nnod f ] yim AusSord Iroy) pue s1opaaiq Jo 93us[[eyd 01 S0URISISOY "S'[ ‘Korreg
SUAOIYD O1]0IGOIOUT UT UOIIBZIUO[OD D)JoUOULDS
L2061 “(6)0L 1661 ‘19§ nod Jo uonusAaxd oY) uo BIO[JOIOTW [EUNSAUI JO S[0I Y, 'H ‘eqed

SUNOIYD JO[I0Iq
ur suaduryred wmiprysor) pue wnunuydKy vpjauowyog J0

UOTIRZIUO[OD [BIJLD PUB [BUNSAIUI UO $I1301qoId se rpre[noq ‘HHIWN

9¢T-LT1 ‘LS €002 ‘19S 1A [ 1dASH $204u04DYIODS PUE TOTIOR]IPIOR SNI20201PaJ JO 109)1H ‘peeMY
SIPIILISIUS
vjjpuowpg pue wnunwrydA) pyrauoups YIrm uoToayul

eruswiLradxa Jsurede sYOIYD JA[I01q Jo uonodaoid ay) 10§ T oy

21-L01 “(D1¢ 0002 ‘[OIQOIOTA [ “Zelg  PIOB OI}30R PUE 3S0JOB] ‘BIO[JOIDIWI [BIID JIQOISBUE JO 9S[) 1eaIpuy

JImoi13 Yoryo
pue ‘sjusA pajsed ‘BIO[J [BUIISAUL UO PUR [[0D DIYILIIYIST

8L-898 “(M)vT 0861 'SIJ UEIAY  pUB SHUBJUI DJj2u0wvg UO I[[10BQOI0R] PalsaSul JO 19955 "H'H “WIpY
(0v=u) ALTTIIVI¥VA A0 STANSVAN HLIM VILVA AALSNLAV 40 AALSALAVNO/MVYE ON

NCRAYL JOHLNV
‘ANSSDTOA  ¥VIX TVNANOSL ATLLL LSUIA

SUSYOIYO IS[10Iq UI DJJ2UOUIDS
Ut uotsnyoxa 2ANNdwod Jo asn oY) U0 MITASI OBUISISAS B UT (£=U) UONIOBIIXS BIEP WOIJ PIPN[OXa SAIPNIs suoseay ‘01 xipuaddy



8-GSLL “(9)19
PI-€1 “(92)79

L-€¥1 ‘(D1

L-9¢ “(T)ST1

L-€91

6-¢L (0)9

9-7Z ((1)9

€L

€CL

L-v6v ‘()9

ge el

S-eve

900¢
0661

¥861

7861

¥861

7861

v861

€661

€661

c00¢

¥00¢

9661

erdojorg
SJynIspasy

"[OIQOISTINL POOq

00y 1PA
UOIRISIY 9QIJULIIN)
uo wnisodwAg
[euonewsolu] g

‘0 PA

.O .HD\/

J0OUIIAYUO)) ISBASI(]
Annod urasapm

pul¥ U1 JO s3UIpaad0ly
0UIIDJUO)) ISBASI(]
ANINoJ uIaIsapm

puCP 91 JO S3UIPaad0I]

‘19§ nod “Ig
Ansnpuy poog

) pue MNOLIFY

ur A3o[ouyo9lorg
Q0UDISJUO)) ISBASI(]
AI}[NOJ UIANSIM

@S 9 Jo s3urpasooid

¢

pjjauowps Aq 1981 [eUnNSAIUIONSES JO UOHRZIUO[OD UO
WNJUSULISY SN[[I0BQOIORT] PUk S10enXa jue[d om) JO 109JJ9
Tonuod vyjauowps se astuoid spjoy punodwiod [BIQOIdTA
synod AayIn) pue SYOIYD UI UOTIBZIUO[OD

ppjauounpg Funuaaaid J0j swstue3I00IOTW INT JO SAINIXTUI
pauIopun pue paulJap YIm JuUULII) JO UOHEN[BeAg

. UoIsn[ox9

aAnmaduwos,, £q suayomyo ur ununis [onuod o} Jduweny

UOIYD [RUOIIUIAUOD JO BIO[J 3y} Aq 10BN}
9ANSa8Ip oy woly winunwiydA) vjjauouspg Jo UONBUTWI
A1ayoey ay) ur eIo[jo1otu eunsajul jo uonesrdde Aeids £q

P3dnpur Uonoajul vjjauoui]ps Jsurede sYOIYD JO UonNIN0IJ
BIO[JOIOTW

[eunsa)ul paIn)[nd A[[ed1qoIdeUER JOLIS AQ padnpul
UOI)OdJUI STIURJUI DJjauoui]pg Isurede SYOIYD JO UONIN0I]
RIO[JOIOIW [BUNSAIUI JO uoneordde

£Q pomO[[0] UTOBXO[JOIJUS M Jusunear) Aq a3errred
pue Surppays SIPNLIAUS VJaUOUL DS JO UOTIRUIULI ],
BJIO[JOIOTW [BUNSAUI JO uoneorjdde

AQ pomo[[0] UIORXO[JOIJUS YIIM Judunean £q oSerued
pue Surppays SIPNLIAUS YJjoUOUDS JO UOTIRUTULID,
SIPTILISIUQ D]J2UOUIDS

YIIM PJORJUL SIDMI0IQ UT AJUIIDIJJS PIJJ PASLIOUl
TIPIR[NOQ $204110.40Y20DS PUE TI0A0) "TBA SNQIAD SNJJ1ODY

uwLejJ
Anmod e Je suONO9JUI PIIBIOOSSE [[0D g PUR D]]IUOUIDS

Annod ur vjrauouing
Jo uonuaaald J0J a1nI[nd UoISN[OXa dANNAdWOd paurya(]

‘[ “eA0JSOY
‘LA ‘souof

'S ‘Aadury

‘S ‘Aadury

'S ‘Nnepny

g ‘usIon)

‘H ‘uaIon

“q ‘udI0D)

‘H ‘uazon

.NMH .mOuﬁMw

SOT 9P 'O

"D ‘eAOYIPNQ

[ ‘YoroTq



01¢ “(00)9T1
8-6TIT (TDIL
8-STIT(TNIL
TE9Ty (ELL

11-L0€ ‘(b-€)ST

$6-€8 “(1)9¢

9-z€ (1)92

¢T-81 “(evy

6-SLL ‘(P)EE
9-18% ‘(b-1)18
16-88 ‘(1)6

0Z-91 ‘(e

1} 9 4

0661

661

661

8661

661

L661

$661

900¢

661

00¢

000¢T

€861

¥861

09y 1A
198 ")nod
108 nod
198 I[nod

"[OIQOIOTIA POO “f "I

‘[oyIed UBIAY

"TOIQOIOTIAL "A9Y

PO 1A ‘[ “ddrfryg

‘19§ )nod g
YooyuaMNaY|
UBA QIUOIUY

'Sy nod [ddy g

IOS 1PA Sy

spassnIg

ut proy doysyiom y
"JOIBasal SISO[[QUOWI[ES
Jo sy0adse Lyong

£0¢

1surege syo1yo 3uno9joad 105 uornieorjdde yordoicy
uorjeredaid

uorsn[oxa 2Andwos e jJo uonedrdde 19idoip parewoiny
uoneredaid uorsnoxa aannaduwod

e Jo uoneoridde jo1dosp pajewoiny 910U YoIeasay
SI9[101q JO 10e1) [eunsajuronses oyl ur ANIqrsagIp uaLnu
pue SUOTIIPUOD [BOTWAYI021SAYd ) Uo JoRI0Ig JO 109)Jg
SOIYO Paydley A[MauU JO UOIIBZIUO[OD DJJUOULIDS

1uaAa1d 0 (30eq101g) 30onpoid uorsnox? aannadwod Jo asn
SIPIILIIUD JBAOIDS BOLIQIUD DJJoUOU]DS

YA PIJIJJUL SHOO[J JOPISIq ISI0I] U JUIUI)BII] UOISN[IX
aAnedwos pue d1j0IGIIUE PAUIqUIOD JO UOTRN[BAY
suayoIyd ut sadA1019s vpjaUOUIDS YIIM TOTIOJUT
[eruouILIad X9 UO UOTJRISTUTWIPE JBIPAYOGIRD JO 109])9 Y|,
SISI0IQ Ul UOIIBZIUO[OD

ppj2uowiypg uronuod ur syjusunear jodrjoydsoydoaeyy
pue UInUI ‘QIMI[Nd UoIsn[oxa aAnnadwod Jo uosueduwo))
v1d STPHLI_IUL Djjauoung

AQ UoISEAUT PUB UOESIUO[0D [RUNSSIUL Jsurege syoryo
payorey-A1mau 1099301d 03 uoIsSn[OXa aANIdwod Jo asn
ouims pue Anpnod ur uonesiuo[od uadoyiedorsius

Jo uonuaAaxd 9y} ur saININd UOISN[OXS dANIdWIOd paurja(]
SYOIYD I9[101q PO-Aep-] ur (dwaai) ainyno

UOISN[OXd 2ANIdUWIOD PauLfap € JO AISAT[Op Jojem SuDuLI(]
SUOIYD UI DJJaUOULDS JO  UOISN[OXD

aAnnadwos,, 3unmul] s10308] 2Wos Jo Apnys [ejuswnadxyg

pjjauougng surede Annod jo uondajoid
ay) I0J UOISN|oXa ANNAWI0D JO asn aY) 03 SITWI] [edT}OBIJ
SYOIYD UI JIOP[ASSN(] 'TeA BOLIJUD

"0 ‘Zeuydg
D ‘ZI_UYdS
"D ‘ZIRuYdg
D ‘ZIPuYds
"D ‘JeAes
' ‘SpPIoukay

TN
‘yosnoquuey

'd'A ‘BWOISqO

1 ‘ononN
A ‘PYSIN
D ‘UnIEN

"d'[ ‘luojye]

d'[ ‘uoje]



8-7€8 “(6)1€

S-vL

€TI-LTIT “(Q6Y

20T
p-0€TT “(h)6T

2811 “(1év

TT6IT1 (DL

188 ‘(h)T¢

¢86l

¥861

6661

0661

S861

$00¢

$00C

1661

"JOIGOISTIAL °[ "UeD)
DjjUOUDS

uo wnisodwAs
[eUOTIRUIAU]

oy} Jo s3urpasdoid

‘[ourrzug

‘[OIQOIDIA "Uuy
ssa13u0)

Q0UAIOS [eWIUY JVVV
wS Ul jo s3uIpaad01g

'S URIAY

"SI UBIAY

“TAY "OURI)) ‘Selq "AY

198 )[nod “Ig

$0¢

(1=0) ALVIOI'ldNd

SQUTISIUL UIOIYD PUE 901U

onjorqojous ur wnunwiydAy vyjauouspg jo oas] uonendod
oY) Suronpair ur SUINDIYD [BUOTIUSAUOD JO SBIO[] [BO0

W01} POALISP suorsuadsns [BLI2)oBq SNOLIBA JO AOUSIOJH

jusuIIRaN) BIO[J-ING paurjop
Aq syo01} A13nod ur UoNBZIUO[0D VyjaUOUDS JO [OIIUOD)

'S ‘Nnepny

DD PN

(z=1) dNOYD TOUINOD ON

1081} 9ATISOSIP MOIYD UT BIO[FOIOTUI OT}OR]

pUE SnLIBAI[ES SN[IOBQOJORT JO UOTIBIISTUTUIPE JO 1091JH
SUINOIYD

19[101q pajdajul A[eiuswriadxa ur wnunuiydK) vyjauoupg
Jo 9ouoreAald UO BIO[J [RWLIOU JO 193] AI10)1qIyuy
SUOIYD ur suonoajur wnunuydLy vjjauoups

J10J BIO[JOIOTW [BUNSAIUT ATIRU 1M S[BLN) onnadersy],
SUSYOIYD Pa3o9Jul ULIO} DJJ2UOUIDS dONPAL 0) UOISN[OXD
aannadwod yim uoneuiquod ut sageydorrsioeq jo asn)
uorsSN[OXa 2ANNdwod

3uIsn SIPTILIAIUS JBAOISS BOLISIUS D)jauUouIpg Isurede
SYOIY JO 10BN [eunsajul ay) 309301d 03 paxmbai ou],
SUYOIYD

Ul PoyJowW uoIsn[oxa aAnredwod ay) Jo Sursa) [eds-10[1d
uoIST[OX3 2ANNRdWOD Aq UONEBSIUO[OD DJJRUOUIDS

"D ‘Tu0doRZ

'S ‘ojowrewIe X
WO “yoeurom

‘H ‘olo,

‘A ‘0zI1S

D “ZPuyods



c0T

16-¥8€ ‘W)L 8661 "9y )nod ‘[ddv °r I0J RIO[J uOISN[oXd 2ANNdwos [esoonul SULISSTUNIPY L USYD
vLd STPHILISIUS DjoUOUIDE YIIM SHIIYD II[10Iq JO 1 WA

9Z-61€ ‘-€)ST  T661 "[OIQOIDIAl POO “[ “Ju]  uonddjur Junuoaaxd ur JoeIorg Jo Aoed1Jd 9YI JO UOHBN[BAY ‘uoroure))
Q0UDIAJUO)) SUOIYD J[I0IQ UT [SPOUT SATIOJUL LCINd

6-9ST 9661 9SBISI(] AI[NOJ UIANSI M SIPNILIAUL p]jauowps © jsurede prengIAy JO UOBNRAY ‘uolowie))

SUSYOIYD I[I0IQ [BIDISWIIOD Uf 2D)]2UOULDS YSTUTUIIP o X

TL-L99T1 “6)TL €661 ‘198 “1[nod 0} JuduIjeaI) BIO[J UOISN[oXa aAnNadwos [esoonwr dojs-om]  ‘diysuayue[g

Io1em JuryuLIp ur pue doid ayj 0jul PIISIUTUIPE SAINJ[ND

[e09] pue suorsuadsns [eo9] Jo uostreduwro)) :vyjauoulPg :

L-SYE‘(WSy 7861 101d pood °f Aq s3jotyd Jo uonodayur Funuaard 10§ 3deouoo uunN g ‘pleYYOUR[g
SYOTYO WOy
Djj2UOUWDS JO UOISNOX? dANNAdWI0d JururuLILSp 10§ poylow

SYS-TYS ‘(UL +861 1014 OO [ MOU E PUE SAIN)[N MuuA] 10§ WN[NOOUT [BUSAIUT WNUIUI g ‘PIOYYOue]g
3OO payorey
19(€)90T 0861 09y 1PA A[mau ay) woIj spjjauowpg Jo uoIsn[oxs aanneduio) IN'F ‘seureq

[0TU0D UOISN[OXd dANNdWod
pue s1oyIew [eordojorwepidy :uoueqaT 9Y) UL SUSYIIYD

8-01L ()81 6661 YO9L ‘10§ ‘AdY 197101 U SYEAIQINO SIPHUSIUD D)jauoups Jo 30uddiowy | 'g ‘Inogieg
JUSUIIBAI) UOISN[OX
6-v6€ (E)LL 8661 19§ "Inod aAnnedwod uo sYo1yo Junok ul vpauowvs JO 13439 [S'I ‘Korreg

SIpLLIUY D]j2UOUDS YIIM
$Y1Y JO UONOUT [eIuaLIAdXD JO [OUOD JY) UT SUOLIPUOd . Y ‘OY[L]

Pr-L€7 ()26 £00T "[OIGOIJTIA “1OA 01qOI9RUE IO OIQOIOR JOPUN PAINI[ND BIO[JOIONW [BIID JO IS} neaIpuy
uonoayur wnunwydA) vyjauouyps uo 199539 aanooid

LT-60L ‘WYY 9661 BZ1D [ 'PAIN A SII pUB SUSYOIYD 10J pagy se dlsem Anpnod Surjohosy y1 VH TV

(101=1) NOISSHIODTY- VLA ANV (65=1) SISXTVNV-V.LIN THL HLOG NI AAANTONI SAIANLS

SAOVd JOHLINV

“(@NSSD'I0A ¥VAX TYNINOfL ATLLIL LSHIA

SUYOIYD JI[I0Iq UT UOTISN[OXS dAnIedwod
Junenfead yoreasar Arewtid Jo UOISSAIFOI-LIAUI-SISATRUR-RISW 9y} UT POPN[OXS SUOSEI PuB papnpoul saipmg [ xipuaddy



12-S1€2 “(11)98
9-7991 “(8)98

6-¢L ()9

T-06¥ (£)99

€0€-L6T (T8¢

TS-8¥9 (9L

1011

-€601 ‘(L)L

¥T-916 ‘(9)¥L

¢-TLT

L-TET ‘(DL

108-96L “(L)19

L00T

L00¢

7861

€00T

Y661

Y661

S661

S661

9661

8661

8661

108 )[Nod
198 )[nog

.O .HO>

1014 pooy °f

'SI UBIAY

108 I[Nnod

10§ "nod

10§ N[nod

QOUIJUO))
9sBasI(] AN[NOJ UIANSIM

sy Nnod '1ddy [

1014 pood °f

90¢

S[[99 1epnX? [RUILIOPQR Aq SIPNILISIU

pjjauouns 3o s150)A003eyd pue sioqunu a3eydoioew
[eUnsAUI UO SYIIYJ JIT0Iq Ul Juawriean onorqoid Jo 10015
SI9[101q [BIBUOSU UI D]J2UOUIDS

uo 2Im[no d101qoid errejoeq pIoe J110e| JO $199§9 [erodwa],
A19y27eYy 91) UI BIO[JOIOTW [eurisajur Jo uorneorjdde Aeids

Aq paonpur uonoIJUI vjUoUlDS ISurede SYOIYD JO UOTI09)0I]
[tZelq ut

SI3[101q JO UOTIBZIUO[OD Djjauoups JuI[[oIIuod 10§ s1onpoid
uoISN[oX9-2ANNdWOD [BIDISWWOD 321y} JO uostreduio))
speaq areurde paziydoA| 10 ‘Aeids ‘191eMm

Suryuup ‘a3eaed doio £q Jusuriean jo uosuedwo)) :SYOTYD
WIOYS9T Ul SIPIILISIUS DJJaUouiIpg JO UOISN[oXa sAnnaduwo))
Inyno

BLIS)ORQ [€290 Jo uoneosrjdde dif Juaa Aq syoryd uioy3oy ur
UOTIRZIUO[OD [BI3D SIPIILIdIUS DJJaUOUDS ISUTRTR J0URISISOY
UOIIBZIUO[OD

aD]]2UOUAIDS ONPI 0) BLIAIOR] [BISD JO 2INI[NO PIZLIANOBILYD
B IIM SUOTYD JS[10I] [BIDISUILIOD JO JUSUIIRAI],

BLI9)O8Bq [BI9D

JO 2IN[ND PAXTUW PIZLISJOBIBYD MO[J-SNONUTIUOD B (IIM SYOTYD
I9101q U uoNeZIuo[0d Wwnunwiyd4) vjjauouipg Jo [ONRU0D)
SUQYOIYD I3[101q

Ul [OIJUOD DJjauoups I0J 9IN[ND UOISN[OX ANNAdWIOD

€4D pazirajoeIRyd Jo uoneny agesop pue uonedijdde Aeidg
SYOIYD ul vjjauouipg Jo peaids ay) Uuo JusUNEII)

uorsN[oXa 2ANNAdwOod pake[ap IO SNOJUBINWIS JO 193]
INomoi3 Surnp

SUSYOIYD JJ[I01q UI UOTIBZIUO[OD DJjauouspg NqIqui 03 3In3nd
UoISN[IX? 2ANN2dWO0d POZLIOIORIBYD B JO UOTIRIIT) 93eso(]
apjjauoung JO 01U

,A'S ‘surddIg
L d'[ ‘suIs3Ty
| ‘uaron)

1

[V ‘BIIOIIO]
i foecitivel
M geelitive)
L2 180D

pz ' “ALLIOD

L' JorI0D

,A'q ‘I91I0D)

ST “IOLI0D)



0S-S¥€ “(9)T

€8-6LT1 (T1)6S

08-€LT “(€)L9

9S-StT ()16

S0CT-L61 (€)8¢€

9%-6€1 (2)€9

SL-69% (9)99

£6-889 (L)6S

9-€L9 ‘(919

91-60v1 ‘(6)EL

06-98S ‘(YL

9661

9661

9661

€00T

¥00¢

L861

6861

9661

8661

Y661

S661

oqorseuy

1014 poog °f

YOS, 10§ WUy

"JOTQOIITIN "19A

To1qootA “[ddy "neg

‘Joudyoeq [ddy ‘r

‘[ouaoeq ddy °r

1014 pood ‘[

1014 pood °f

10§ nod

19§ "1nod

L0T

SYOIYD UI DJJAUOUIDS

0] A10}IQTYUI WIRISASOI [RIGOIOIW B JO JUIWIYSI[QLISI

A1res a3 Jo Jo3eo1pul [eo13010Iq ® St proe oruordoid (809D
UOT)BJUSULIDJ MO[J-SNONUNUOD

Kq vpjauowgpg Jsurede NN UOISN[IXS dANNAdWOD

[8930 © JO SYOIYD Ul AJD1JJo [BOIS0[0Iq Y JO OUBUIIUTBIA
SIO[I0IQ UI BIO[JOIOTW

[BUT)SOIUT UO OUN[JUT SI pUe 7O €-D SINQNS snjjroeg

ylim SuIpasy snonunuod Aq suaoyjed [eursauI JO UOISN[OXY
suaoIyd 3unoA ur suafunyrad

wnip1igso]y) pue sipnuuyg odAiqns eoLIRUL DJjPUOUDS

Jo saxods sinqns sn[oeg £q uorsnjoxa aAnneduro))

Annod ur suagoyyed

[eLIa}oRq Jsurede Judde uoIsn[oXa dANIdWOod PauIjop € se asn
10J 687614 ruosuyol sn[[1oeqoIoe T JO UOTIBZLISJORIBYD OAIA U]
SYOIYD IQ10Iq WOIJ SD]J2UOULDS JO UOISN[OXD

aAnIadwod uo pasy oy era 23UL[[EYD SNONUNILOD JO SDUIN[JUT
90UR]SISAI UONIBZIUO[0D

9SBAIOUI 0] BIO[JOIOTW [BI98D QINJRUI B ()IM PIJeaI)

-a1d s)[o1Y JO 10BI) ATRIUSUII[R QY] UL SDJJ2UOUIDS JO 918
No-moI13

3uumnp SI9I0Iq UI AINI[ND UOISN[IX? 9ANNSdWO0d PazLIgIoeIeyd
e AQ UOnRZIUO[0d [8J30 pue doId vjjaUOUDS JO UOTIONPIY
2IM[ND UOIST[IX? dANNdWO0D

POZ119)0BIRYD B UM JUSUIIRAI} SUIMO[[O] UOHJBZIUO[OD

[£999 YOIy Ul UOTIONpal pue auln) a3ud[[eyd vjjauoups Kieq
SYOIYS JS[I0IQ UT UOIIBZIUOJOD DJJoUOUDS UO ()7

Jua3eay JO Jy[TW WDYS Ul pazI[IydoA] SaInino [8o99 JO 1091J9
SYOIYD IQ[I0IQ UT SINJ[NO UOISN[IXS 9ANaduIod

Jo aoueuniojrad uo y301q 3e[[00A[S01Y] Ul UoTIRIPAYQI

pue uenxap snyd asoions ur uoneziiydoA] Jo 1991

' 9GSIN

' “PASIN

3 ‘emnrey

.V.N.E.M
‘Quoidey v

V.N.E.Nm
‘Quoidey e

1'S"D ‘Aaduy
.'SD ‘Kaduy
LI ‘swnyg
e AN “WNH

OV
“1AISI[[OH

OV
“IAIST[[OH



v1-60¢€ (€)61

91-601 (2)68

11-L0T (1)€€
1¥-8¢€ (S)9T
8-¥S¢ ‘(Pe

0€-L79 ‘(9p1

08-GL ‘(1)T8
TS-T¥1 “(©)EL
91-606 (ZDvY
9611 ‘¥6
-8811 ‘(€1)St

067981 “(T)SL

8-GL (2)8€
1T
-01C “(98€9)T+T

8L61

1861

661

8661

€00¢

eLel

vL61

€00¢

1861

2861

9661

100¢

eLol

0§ "Inod "I

‘uIpuedS

"[OIGOISTIA] "[OYIRd BV
‘198 [nod Ig
TorqoIory [ddy ne1
"[OIQOIIIA] [ “ZeIg

10§ I[nod Ig

"uIpuLBoS
"JOIGOIOT “[OYIed B0V

ATYIV 10N

1014 pood °f

01 Pood '

19§ ")[nod

"PAN ‘1RA °f "dd1[[ryq

aImjeN

80T

SJI J0J BIO[J [BUTISIIUL UIIYD PAInI[Nd JO ash Y} pue SIA[I0Iq
ur uoSeyuadood “rea wnunwiydA) vyjauouypg jo onoozids uy
SUOT}ORJUI DJJaUOULIDS WO SUINITYD s309)01d

1BY) S[MOJ J[Ope JO BIO[J [BO9D paIni[nd A[[edIqoideue aY],
uoIsn[oxa dAnradwos

£q symnod AayIn) pue SYOIYO Ul UOTIBSIUO[OD D]J2UOUIDS
Surrronuos 1oy suoneredald TerqoIorUI JUAISIFIP JO AoBIIYH
syonpoxd

uoIsnox? dANdwoo Jo sadA) JuaIajip om} Jo uosLredwo))
SYOIYD JSI0Iq UT UOTIBZIUO[OD DJjauoulpg JUI[[O1U0D 10}
$2INI[ND UOISN[OX2-2ANNdwod [ejusuriadxe Jo uosuredwo))
SUYOIYD JO Jok1) AIejuawiIfe 9y} JO BIO[} oY)

AQ SYO1Yd UT SNUBJUL Djj2UOUDS JO YIMOIZ Y} JO UOTIUIAIJ
asn §J1 pue ‘SuIIYO

J9101q JO SQUTISAIUT AY) UT ST)UBJUT DJjaUOUDS JO UOTJBZIUO[OD
o) 1udA21d 01 9[qe BIO[J [B1I9)08q B JO UOTIBATI[N))

SUYOIYD U UOTJOQJUL SIPTILISIUL JBAOIOS BOLIQIUD

sa1oadsqns BOLIAIUS pjauUoUyDS ISUTeFE UOISN[OX dANadwo))
(soImnd TuLInN) SUIOIYD 2INJeW WOIJ SAINI[ND [BI] YIIM
juswiear} Aq SYOIYD Ul UOTOJUI D]JaUOULIDS JO UOTIUIAII]
SYOIYD Ul

uonIJUI vjaUOUDS JUdAId O} B[NOOUT SB S9J98B] JO SAINI[ND
udz01j pue pazi[iydoA] yirm s09ej ysaij Jo uosureduwo))
[emeIpylim peoj Sunmp

SIS[I0Iq UI [OIJU0D D]jaUoui]p§ 10] SOPLIBYIOBSOFI[00IONI]

PUB BLI9)OB( [BIGOIOTW P3J-10a11p Jo uoneorddy

SYOIY IS[10Iq

ur uoIsnjoxa aanteduiod £q vyjauoung JO UOTIRZIUO[0D
2990 Surjjoriuod 103 suonjeredard om) Jo Aoeoryig

uononpoid IS[I0Iq UT UOT)OJUI Djjauouins Jo s1oadse maN

| 'H ‘eundag

"D “ZIeuyds

;O ‘Ziauyog
O “ZIRUYOS
; 1 °Opa[[oAdy
» 1 W BeIuey

N ‘erejuey

| ‘O10A0pRY

-Iowynig

. 'H oAl

. 'H oAl
VO
‘leqezreAQ

1

‘g ‘erouI0

. <
o d TUION



767687 (L)9

9-¢6v “(L)9

$6-686 “(€)9T

6-TLLY ‘(6)T9

16-L8T “(£)¥9

026-L16 ‘(TDvv

09-9ST “(2)08

S8L
‘78-8LL ‘(6)8Y

1L-69 ‘(€)1

Z1-90L (€)ST
€€-L201 ‘(b)ST

L8-€LT (DTT

L00¢

L00¢

861

€861

100C

1861

100T

¢861

661

1861

1861

8L61

19§ "nod °f ]

10§ nod [ U]

'S UBIAY

19§ )nod

1014 pooy °f

1014 pood '

19§ 1[N0

101d pood [

'To1qootiy [ddy “ney

'S UBIAY

'SIJ URIAY

'SI UBIAY

60¢

10J 2In)[Nd UOISN[OXa IANIdWOd Pauap © JO 1091J9
SUIIYD

IS[I01q UT UOTJRZIUO[OD SIPIILIdUL pyjauoups uo dnorqoid
paseq-snj[1oeqojoe] e jo uonedrdde Aeids jo uoneneag
Koy pue

USYOIYO ) JO BIO[JOIONW [BUIISAUI QATIRU Aq T[0D DIYI1IYIST
pue pyjauowpS JO UOISN[IX? dANNRAWO0D [e201dIooy
syoIyo dnoiqojous ur snjrydoproe sny[1oeqoloe]

Aq suadoyjed uerae jo uorsnpoxa 3 aannaduwo)

SI9[101q UI SIPNLIAUS D]JaUOUDS JO UOISBAUT URSIO

pue UOTIRZIUO[OD [83D UO SApoqnue d1j19ads-310q[oproy
vjjpuowypg pue ‘-wnunuydLy vyauowpg -SIpNLIIUS
pjjauouipg pue onorqoid doiy1oads-ueiAe JO UoTIEN[BAY
QIM[NO TULINN Y)IM SYOIYD JO Juowear} SuImof[oj

I91eM SUDULIP OJUT UOTIAIOXD DJJaUOUIIDS JO UOTIONPIY
SUIYOIYD I9[101q ur uonezruo[od ‘dds 4a1onqojlduin)

pUE Djj2u0UDS NPT O] JUIWIBAI) UOCISN[OXD dANIdWO0D
puE "oISN[OxX? 2ANNRdWOod [esoonw Jo uosuedwo))

SPIIq J[NPE JO SIUAIUOD [BIID PUB [BI]

WOIJ PIJIR[OST SaINJ[ND [BLIA)eq 1nd JO saInixTw AQ SYOIYD
pPayoIey A[MaU WOIJ DjjaUOUDg JO UOTISN[OXS dATITIedWO))
Annod

Ul [01UOJ avjjauoulps 10§ so101qoid Jo asn 9y} Jo sousrradxy
SUIYOIYO

uoIsn[Oxa 2ANIdwod £q 1[0 DIYILI2YIST PUR DJJIUOUIDS
proyd£jered jsureSe uor309joid JO SJUSUWIAINSEIW SWIOS
SUOIYD Ut avjjauoups proydLjered

JO uoISN[oX3 2ANIdWOd 9y} UO I[[I0BqOIOR] JO SdUIN[JUT Sy,
BIO[joIOTUI Ing , [RULIOU,, JO UOTIRIISTUTUIPE

[e10 Aq avjjauousps woiy siinod pue sYOIYd Sunosloig
[013U0D

‘UQpPUSJ[O M

L av
‘USPURJ[O M

vl

O “YorUIOA

1
Vg ‘sunpem

;D ‘Z9[PL

'V Ays1og
v.N..—..Z aEOHm
|'S ‘ouarg

s S OUABIS

'S’V ‘Ipelrsos

'S'V ‘1pef1a0g
.VJ .m.o
‘soquakaoug



€€-62C (€)79

18-GLS (9)6T
9L9-899 ‘(E)¥€

8-$911 “(9)ZL

S-Ly (1)LE

18-LLE (SILS

#-0L91 “(01)69

6-v2¢€ ‘(V)E

8-¢€HT (T1OL

677061 ‘(6)98

8-vL8 ‘(4)0OL

6661

000T

0661

€661

€661

Y661

0661

8861

1661

L00¢

L00¢

101 pood °f

'Joyed ueIAy

"SI UBIAY

108 1nod

'SIJ UBIAY

1014 pOooH ‘[

108 )[nog

'SI UBTAY

"I9S Inod

'IS0S nod

1014 pOOH [

01¢

pue uoisn[oxa 2AN2dWO9 JO $193JJ9 A10)1qIYU]

SYOIYO IS10Iq Ul

UONRZIUOJ0J SIPNLISIUS DJjaUOU]DS JO UOISN[OX3 dAnIodwIod
9] UO SIPLILYOOBSOFI[O-URUUBW JO J09JJ9 9} JO UOTIEN[RAT
SUIYOIYD IJ[I0Iq 23 e-1oxIeW

JO UONRZIUO[0D DJjaUOUDS UO ISOIOR] ATRIaIp JO 109JJg
SYOIYD ISI0IQ UI SISO[[QUOWI[RS [OI}U0D 0]

BLI9)OR( [BOAD SNOUSIPUT JO SAUINI[ND PIULFp JO Juamdo[oAa(]
SUQY pue SYOIYd

WIOYS9[ JO UONBZIUOOD SIPNLIAUL DJJ2UOU]DS UO UOTIRI

P3dJ 9y Ul 9s0)oe] pue JNI Annod pasn JO 109JJ0 9ATINNN0I]
950)0R[ AIRJAIp pUB BLIDJORQ

[8030 JO 2IM)[NO PaULJap B Aq SIOIYD UIOYSYT UT UOTBZIUO[OD
ue310 pue [8020 SIPIILIDUL DJJ2UOULDS JO UOTIIQIYU]

SI9[101q

98e jo3IRW OJUT PIBQMIUT V]J2UOULDS JO UOTIUIDI JY) UO PIJJ
[emeipyim pajusws[ddns-onorqoid pue Loym Jo douanjjuy
$909J UAOIYD JO SAINI[ND J1QOISRUR

)M Pajeal) SYIIYD JO UOHBZIUO[OD D]JaUOUiIDS JO uonuaAaid
UO SOATIIPPE PId) [RIGOIOTWIUR PUE [BIPIDJ0JIIUR JO 109JJ
UNSIAUT UINOIYD Ay}

JO UOIIRZIUO[0D V]]2UOUDS UO IPLIBYDIILSOSI[00IONI] JO 1031JH
OATA

Ul pue ONIA UT SIPIILIdUY JRAOIIS BOLIIUS DJJ2UOULDS ONPA]
0] S90INOS JUAIAYJIP Wwoj pajejost sadeydorraioeq jo AIIqy

,L ‘ereng

o ‘ZopueuIa]
H'q Ierio)

g'q 191I0D

, A “e1I0)

, A 910D

'S ‘m8nrg

"S'[ ‘Aapreg
"S'[ ‘Aarreg

, 14 oy
IeAIpUy

(LE=U) NOLLNAAYALNI NOLLVNIFINOD

SNJBISLIO SN000001da1)S pUB SNLIBAIES SN[IOBQOIORT BLIOIORG
uorsnoxa aAnadwos £q Anpnod ur uononpar avjjauouvg
SUOIYD IS[10Iq UI SIPHLIIUS D]]UOUDS

JO uorssrusuey) [BJUOZLIOY Jo uononpal pue sixejAydoid

(65=1) SISATVNV-VLA HHL WOIA AAANTIXA ‘NOISSAIOTY- VLA THL NI CAANTINI SAIANLS

;D ‘Sueyz

[ av



L-11¥ ‘(4#)08

$9-6S (1)8¢

9-781 “(€£)9

06-6L (£)68

¥8-LLS “(¥)OT

L-0¥9 “(S)EL

S01-66 “(1EL

€€-979 “(e)ve

1L-69 “(€)C1

€L-L9 ‘(T)OL

100¢

v661

L00T

2861

1661

Y661

Y661

0661

1661

1661

19§ )[nod

'SI(] UBIAY

10§ nod “f U]

(‘puo) 84H T

'ToyIed ueIAY

19§ I[nod

198 )[nod

'SIQ UBIAY

Torqordty “[ddy ‘ney

108 1nod

I1¢

urxoj z-1, pue surxoje[je

Aq pajoayje se uoneziuo[od wnunwiydA) vjjauouypg

01 A)11qndoosns YOIyo I9[I0Iq pue SPIoe A))eJ S[NR[OA [893))
9S0108[ AIeI9IP P3J PUB BIO[J [BIID O1qOISBUR UM PIJe[noour
SYOIYO IS[I0IQ Ul uoneziuo[od wnunwiydAl vyjauouvg

0] 90UR]SISAI UO UOTIOJYUI B[[QUI) D144 JO 193JJH

SUDIYD IJ[101q Ul uonodayur doid

pUR UOISSTWISURI} [EJUOZLIOY SIPTILIAIUS D]J2UOUIDS 0NPAI

01 saIn)[no o1101qoid pue sproe druedIo JO UONEN[BA Y],
piIq JNpPe Ue JO BIO[JOIOTUI

[8038D ) WOIJ $9JB[OSI [BLIAIOR] JO 2IN)XTW PAuIjop & uIsn
WNo3Ld YOIYO dY) WOIJ SVJJaUouDS JO UOISN[oXa Annadwo))
BIO[J [8998D J[npe Uk Aq Pa3oajoid SYOIYO JO UOTIBUTUIRIUOD
v]j2uOwIDS Y] UO SOATNIPPE JTJ0IqTIUL INOJ JO 10°JJg

S)O1YD 13[10Iq pue synod AaxIm

ut winunwiydA} vpjauowpg £q UOTIBZIUO[OD [BIID UO IS0I0]
Areja1p Jo uoisiAoid pue 2Im[nd SNONUNUOD Ul Paulejurew
SWISTUBSIOOIOTW [BIID UIIYD JO $193JJ9 JO suostreduwio))
SYOIYO JJ[I0IQ UT UOTIBZIUO[OD

vjj2UoUPS UO IS0)IR] ATRIAIP PUB [T WIS Ul pazIrydoA]
I0 speaq 9jeutd[e ur pajensdeoud saInjnd (8999 JO 1991Jq
SUOIYO

SunoA ur wnunwiydA) vyauowpg Jo 01U [eIIS0[0Tg
Pa9] pjean

-p1oe pue  uoIsn[ox? aAnNadwod,, Aq SIPIILINUS DJJIUOULDS
YIM 9ZUI[[BYD [BIUSWIUOIIAUD JSUTESe SYOIYD JO UOTIO3}0IJ
950)08[ AIRIQIp INOYIIM JO M SHIIYD

ur uonezruo[od wnunwiydA) vjjauowpg 2onpal 03 Bnoour
Se $9qOIdRUE [B03D JO SAINJ[ND JO AoBoJa 9y} Jo uostreduio)
SYOIYS JO UOIIBZIUO[OD D]JoUOULIDS

U0 ‘UoNeUIqUIOD UI pue A[3uIs ‘OpLIBYOIBSOFI[00IoNI]

"1 ‘euaqy
"H'IN 30y
"1y ‘umbref
SO “Kaduuy

] ‘UaquIiny

"DV ‘19ISI[OH
, DV
“I9ISIT[OH

[ "V ‘UOIUTH

"W ‘UOIUTH

If 'V ‘UONUTH



11-4001 ‘(h)6T

76-L811 ‘(9)6S

€1-80%1 “(01)6L

S-0€T ‘(19

£6-8¥S “(£)6¢€
€5-LY1 (@)T

LT (DLT

CE-8TS “(T)LE

ST-L10T ‘(P)LE

79-9S “(1)€L

Sz (LS

£9-96% ‘(£)91

c861

0861

000T

L00T

G661

€661

vL61

€661

€661

v661

P661

L00¢

'SIq UBIAY

‘10§ Imod

108 nod

"I9S nod [ g

"SI UBIAY
sy [nod '[ddy ¢

S 1A oY

'SI( UBIAY

'SIQ UBIAY

108 nog

1014 pood ‘[

's9y Imod '1ddy °f

[4%4

SUIOIYD Ul DJJUOUIDS

Jo uorsn[oxa aAnnadwod Apnis 0] STeLn) 9[eds-a31e]

BLISIOR( [BIJ0 PaIN)[ND AQ PIMO[[0] SJuade [e1qOIOTWITIUE

AQ SuaYOIYd Ul UOTIRJUI DjjaUoUIDS JO AdeIoy) pauIquio))
SOIYO Pajodyul A[[ejuowrradxa Ul urdexo[joIud

pue 2IM)no UoISN[OXI-0ATIddWOd YIIm Jusunean

JI9)Je UOTIOQJUI SIPIILIUL Djjauouns A11ed JO UOTIeUTWI[g
Apognue paALIap

-889 onj10ads Aq Annod ur uoT}ORJUI D]]2UOULIDS JO UOTIUIAIIJ
R[[OUQ) VLI YIIM PIOJUL

A[IUSLINOUO0D SYOIYD UT SIPHLINUS DJJ2UOUDS JO UOTIRZIUO[OD
ay3 uo snjiydoproe sny[roeqoIdRT puB 3S0JIB JO 1091

ec | od4) a3eyd sipnuduo vjjauouDS

UM PIIOJJUL SOIYD UL SOATIIPPR PISJ JATJ JO SSQUSANIH
SUQYJIYD IS[I0Iq JO SUIISAIUL AY) UT STIURJUL DJJoUOUIIDS

JO UOTBZIUO[OD 3] UO UIDRIIIOR] OUIZ JO OUIN[JUT Y],
SYOIYO JSI0IQ Ul UOIBZIUO[OD

wnunuiydA) vjjauowpg uo 9s0)oR] AI€J3Ip JO pUR AININO
SNONUIIUOD UT PAUTBIUTEW BIO[JOIOTW [BI2D PIXTW JO 109JJH
SULYOIYD IS[10Iq UT

uoneziuo[od winunuydA) vjjauouypg uo 9soloe] AI1eIdp pue
AIMNO [BLI9)0BG PIALIIP MO[J-SNONUIIUOD PAUTJIP © JO 109Jg
SUNOIYD JJI0IQ UT UOTIBZIUO[OD [BIQD D]JUOULIDS

[01IUOD 0} 21NN [BLID)OB( PIALIIP-MO[J-SNONUNUOD B JO
AYI[Ige 24) UOo UOTIRNUIIUOD [[20 PUB 3S0IIR] ATRISIP JO 1091Jg
wnunuwirydA) vjjauoupg 01 90UL)SISAI SISLIIOUT pue
UOTIRZIUO[OD [BLIJOR(Q [BD A[TBS SQIEII[IOR] INI[NO [BLId108q
POALIOP MO[J-SNONUTIUOD B UM SHOIYD I9[I0Iq JO UOIR[NOOU]
SUIOIYD

JO[101q [eIRUOSU Ul UOTRZIUO[0d wnunwiydA) vjjauouypg uo |
OBA UBZOW PUB 2IN)[ND UOISN[OX? ANIdWOD € JO uonen[eAyq

» HD
‘soquaAa0ouSg

" ‘eunas

V.HIH-M moum

'S ‘ruyey

R VAL
, WH ‘210

QN
A “PYSIN
' PYPIN
1'd “PYSIN

, ' RASIN

TI
‘SPIOUAYOIN



ST-+09 “(€)+C

G-10ST ‘(T1)9L

8-H€1S “(11)$9

L-T8 “(0)ES

9-€CTT “(8)81

L-16€ (Dot

SS-6v1 (06

€S-6vL (©)ve
06-L8€ ‘(P)T1

S-€0v (9)9

ST-91¥ (2)8T

Y1-v06 ‘(1)€T

0861

L661

6661

LL6IT

c00¢

9661

000¢T

0661

Y661

L00¢

¥861

6L61

'S URIAY

"I9S nod
"[OIQOIIN
‘uotauyg [ddy

‘[ IBA SOV
19§

Wiy [ .Hm:<-z§.w<

'S UBIAY

sy Nnod '1ddv °f

'SIJ UeIAY

TN TV [OIq0I0TA

198 od [ W]

'S URIAY

'S UBIAY

eIc

SUYOIYD IJ[10Iq JO UONdJul wnunwiydAl vjjauoupg
Sunuaaaid 10] uorsn[oxa aAnIedwod Uo SUONBAIISqQ

juerd urssooord

9y} Je puUR ULIR] 9} UO UONBUIWRIUOD D]JaUOUDS JO OAI]

A} 90nPaI 0] SIJT0I] UT UOISN[OX ANNAWOD JO asn Y],
1081} [BUI)SIIUIONSES UBIAE AU}

ur 2anoNnI)s AJUNWWOD [e119)08q 93UByd 0) UMOYS $OTI0IqOI]
S10BI)X3

reunsaur yiim sjnod pue suadd1yd jo juowieanaid Aq
Anpnod ur uvonoayur winunwiydA) vjjauoupS JO UOTIUSAJL]
Anpenb sseored pue Aoud1o1yjo pagy ‘ouruLiojrod

U0 SUOIYD I2[101q JO J2IP Y} ut uorsnpour onorqoid Jo 10053
SYOIYD IAI0Iq

ur uonezuood doxd wnunuwiydA} vjjauowps uo BLId1oRq
[£999 JO 2INM)[NO MO[J-SNONUTIUOD PIZLIAJORILYD © JO 109}
SUSYOIYD IS[10Iq JO SNJe)S [BIIZ0[0IqOIdIW pue ddueuLIojIod
9AI] saaoxdunt (unxodses) 01 ¢-D SImqns sn[oeg

HD ‘Aq3ry

"1 ‘nuged

p L
‘POOMISYIIN
, AV ‘PAOIT

V IPyasYeyy

v-m-z noesm

VD ‘shug

(1=1) STISNOL TVOID ‘VOID ‘SINIINOD TVIID LON

950)0B[ AIR]QIp pue swsiuegio

OIQOISRUR [)IM UONBZIUO[OD JO UOTIONPIY :SUIOIYD

Ia[101q Jo uonoddyur wnunwiydA) vjauowypvs reseodenuy
SYOIYO

PaJ I1J9Y Ul NOSNOpaY pvyjauUowiVS JO UOTSN[OXA dANNadUIO))
SUQYOIYO JS[I0IQ UT UOTIOQJUT STPHLISIUD

pjj2uouipg uo so1OIqold pue SpIoe JIueSIO JO 199}

1[0 DIYI142YIST 1O

wnunuydA) vjjauouspg jsurede vIOJJOIOTW [BUNISIIUI JATIRU
£q pa199301d suayoryd uo aprureydsoydooAo pue ‘SnIyouolq
snornoojur ‘urnondasifesd ewse[dodA Al JO 2ouan[juf
SUOIYD UL 2DJJoUOUIDS

3uI[[ONU0D J0J UOISN[OX2 2ARTIAdWOD U0 SAIPNS JOYLIN]

1Y ‘undrz

"D ‘TU0d0RZ
av
‘USPUSJO M.

JINO
YOBRUTIA
‘HD
‘soquakaoug



SS-6vT ‘(101

P-18L1 “(ODIL

1S-1+2 (091
01-S0t “(§)LL
0L-L98 ‘(L)€9

T1-809 ‘(h)0S

€€-9201 “(LIL9

16-L8T ‘(7-€)ST
9-€L21 ‘(16T

0€-6101 “(P)€T

L-1ST (e

0S-6vS ‘(1TYS

00t-26€ (2)€T

8861

661

L00¢

8661

000T

900¢

8861

661

$861

6L61

c00¢

8L61

6L61

.O .H®>

‘19§ mod

10§ Pady "WIUY ‘[
108 [nod
1014 pood °f

'SI URIAY

108 ")[nod

"[OIOIDTI] POO “f U]

'SI UBIAY

'SIq UBIAY

‘TAY ‘OURI)) ‘seig ‘AY

‘[ JOA ISy

'SI(J UBIAY

14 ¥4

Ae1ds Aq SI91101q JO UOTIORJUI DJjUOULDS JO UOTIONPIY
SOAIQUIS I[101q 0} JUSUWIIESI) AINJ[ND UOISN[OX

9ATINSdWO) € JO UOHRISIUTUIPE OAO U] :3)J0U [OIeasay
BIO[JOIOIW J081) dANSIZIP pue paIk I1aydnes ‘ooueuriofrad
USYOIYD UO ‘PIoe dLreWINg JNOYIIM IO YIIm ‘OpLIeyooesoTI[o
URUURW PUR BLI9)OR( PIOR O1)0B] JO S109JJ9 9y ],

s1o101q ut suonendod 4270pqojdduiv)

pue pjjauowng uo pasj pAjuawa[ddns-iseak Jo 10037
S9SSBOIRD IS[101Q PIsS00Id UT IOUIPIOUL DJJIUOULIDS ONPAX
0] 2IN3[NJ I3)Ie}S [BSOONW JO UOIIBN[BAS [BLI) P[OL) [BIOISUIWIO))
SYOIYD IS[I0IQ UT UOTIOAJUI SIPIILISIUD

D]j2uUOWDS UO UOIRUIDORA [RUIEW pUE sO1101qoid JO S1001J

' ‘uaIon

-<.Z mxou

»d ‘BysozIg
'S'[ “Aarreg
S'f “Aarreg

V1 eIy

(8=W SMDIHD A'T0 AVA LON

Annod ur

aIN)[NO UOISN[IX IANNdWOD B JO 9sn IPIMUOIIRU B JO 103]J9
3urjonuod-vyjauouvg Y) Jo uonen[eAs [edrdojorwaprdg
uspoms

ur surwresdoid [onuod vypauoups I Jo 1red se Jusunean
UOISN[OXa 2ATINAdWOD JO 9sn JB9A-()] € JO douarIadxyg
SUdNDIYD Ul 1[[10eqo3oR Aq wnunuwiyd4)

pjjauUoUDS JO UOISN[OXI 2ANTI2dWIOD UO SAIPNIS ISYLIN

18 UAOIYS JY) U BIO[JOIOIW QATIRU Aq ID]J2UOUDS TT
uoISN[oxa dANRAWOS aInseaw 03 Wa)sAs 1593 [puawoddns v
SUIYNOIYD JI[101q I3UBI-9I] JO SISSBOIRD

ur “dds pjjauoupg jo 9ouasaxd pue Lenb jeswr ‘proik
‘soueuriofrad ay3 uo sonoiqoid pue sonorqaid jo Aousiorgyg
avjjauoup§ AQ UOISBAUT JLIdIUD WIOIJ SUIIYD Sunok
$309101d YoTyM 9JB[OSI [B1I2)0BQ B ‘SI[Ed9E] SNo00o01dong
BIO[JOIOTW [RUIISIIUT PAINI[ND JO J99JJ0

aAnuaAaxd oy} pue uoroyul siiueul g pue uagequado)) “1ea
wnunwiydA} vpjauoupg 0y SO Sunok Jo AJIANISUSS

W ‘dnrory

‘N ‘dnaorp
,INO
YorUId M

IN'O “JoeuoM

q'S
‘TgseyeYeL

'SV ‘1pelrsog

g ‘eunag



L-111 (D0t

Tr-9¢€9 ‘(h)ee

h-LES ‘(8)8S

02911 (@1¢

-0py ‘1
8-¢81 “(1)LE

L-0T€ “(©11

61¢-81¢
L-€T€ “(FE)ST

6-1(1)TT

69-65 (PEE)ES

¥S-6¥¢ (£)TL

€0b-L6€ ‘(1)6

L661

6861

S661

000¢

661

€661

00T

9L61

661

Y661

S661

vL61

9661

S1T

‘Tounwiw] ‘dwo) £q uonesiuo[od [eseed wnunwiydA) vjauowypg JO UOUSASI

BLIS}OBQ [RUNSIUT JO SAIMI[ND Ind JO Imyxmu

"SI(] UBIAY © [IIM UONJQJUT Djjauouivs Isurede sYOIYd JO UOTION0I]
Adoosoxomu uonsafe Juruuess £q UONEULIJUO))

'BLI910B( PIZLId)ORIRYD (T JO 2IMI[ND MO[J SNONUNUOD B YIIM

"101d pood ‘[ Pareal) SYOIYO ur wni[ayids fesoonu (8299 JO UOHRZIUO[OD)

Sproe orue3Io JO AINIXIW B IO/PUB SPIIq J[NPE JO BIO[J

"[OIQOIDIIA [ "Zelg  [eur}sajul 3uisn JOBIUOD AQ UOTIORJUI D]JaUOULIDS JO UOTIUIAIIJ
$sa13u0))

Annod s, pliom

61 U1 Jo s3urpasooid

onjorqoid aInj[nd MO[J-Snonunuod

IIM PIIR[NOOUT SYOIYD IJ[I0Iq UI DJJ2UOULDS JO [OTIUO))
saqoraeue pagessed-OAIA UI YIIM UOTIBZIUO[OD

Teunsayur wnunwiyd4) vjjauouwyps paysIjqeIss Jo [01U0))
SUOIYD I9[10Iq

Ut [0I)U0D DJjaUOuIDS 10] UOTIRUIIORA [BUISJEUI PUR SOTJOIqOI]

'S UBIAY

'$9Y Nnod ‘ddv

UOTJUSAUOD) PA9y] JO0IS
pue Annod ueisefensny
1811 9y} Jo s3urpaaooid

SUOIYO SUNOA UT SUOTIOJUT DJjaUOUDS

Surfonuod ur uorsnjox? 2ANNAWOd O SIIPNIS ISYUIN]
SUSYOIYD I9[10I1q

Ul {14 SIPNLIAUS v]jauouijng Aq UOTIRZIUO[OD JO UOTIUIARIJ
9so10e] Arejorp snjd armynod J[3urs € YIIm jusuean)

AQ SO1YD UT SIPILIAUS VJJ2UOULDS JO UOISN[OXS aAannddwo))
eIO[joIoTUI Ing J[NPE JO UONOR

aAnNadwod ay) Aq SHOIYD IS[I0Iq UT UOISN[OXS DJJaUOUIDS

'[OTQOIONA POO *[ “YU]

"[OIQOIOIIA PO "f “IUJ

SOIQOIOTIA

'V ‘DISMOZSOH
‘N L ‘UOS9[D)
Hd
‘Kays9roIg
HD

‘BIIATIO 2
"' TeMI0)
LRty

;Af .mHOn_EaQU

14 ‘uewimog
‘NN “Isp[og
"Dy ‘SuIyeg

'SV
‘epremMny-nqy

(I€=1) VLVA NOLLVEINAINOD ¥0 AONATVATAd HTAVIIVAV ON
NOISSHIDHTA-VLIN ANV SISATVNV-VLIN JHL HLOY WOIA AAdNTOXd SAIANLS

SUQYOIYD ISI0IQ UT SISO[[auoWes JO uonuaAaid

‘8AH T 9} 10J QUOPI[OZeINJ JO SN Y} Ul PIA[OAUI SPIEZRY]

‘198 SISI0IQ Ul 9oURULIONISd pUB BIO[JOIOUWI [BUNSIIUI UO

WIUY “f “ISNy-URISY $3INJINO I[[10BQOIJR] pUB SIIINS SN[[Ioeg PALIp JO IdUaN[ju]
Apms [eurpmI3uo] V :eIO[JOIOTW [eunsajul Jo uoneorjdde

W ‘BleIuey

VAS B



9-186¥ (11)S9

LTy ‘(1)TT

09-€591 ‘(118

0€-€2T “(€)S¢

w-s¢ (T-1e6tv

8-1€9 “(£)St
9-092T (£)9
6-7L

9-¢21 “(T-10v
10€-L6T ‘(£)SE
€-0v ‘C

00S-€6t ‘¢l

6661

000¢T

00¢

L661

6661

100¢

L661

¥861

8661

000T

6661

€661

‘uonauyg ‘[ddy

" YIESH ‘1097 "qOIIN

19§ )[nod

"[OIQOIOTIAT POO] °f “JU[

"[OIQOISTAL POO] " "JU]

'SI UBIAY

sy nod '1ddy ‘f
vjjaUOUIDS

uo wnisodwAg
[euoIIRWIANU]

oY) JO s3uIpaadoid

"TOTQOIITIAL POO] “f “IU]
"I9S )[N0d [ UeIpy]
efi3ojorg

K301007 j0 ssa13uo)
ueIspyed Jo s8uipeasoid

'SI( 1993U] "[OIGOIONA

91¢

ppjauoups syudAdld /617D LD SNLIBAI[ES SN[[I0BQOIOR T
BLI9JOB( [BO3D UIIYD

JO 2INJMO-SNONUTIU0D J1GOISBUE U JUISN 98OI UNIIYD

oy ur wnunwiydAy vjppuouyng Jo ANjIqeAIAIns 9y} SUI[OPOIN
vjj2uCULIDS O} SYOTYD JO

asuodsar Apoqnue Jy) Uo 109JJ9-I3)je pue Aoed1jJ9 0] 1onpoxd
UOISN[OXa SANNAdWOD [BIOISUWIOD B ‘pIen3IAR JO UOTIBN[BAY
1onpoid uorsnoxs aandwios e 10 surens

ppjauouIpg 3dA)1-plIMm ‘SUTRI}S QUIDDBA DJJ2UOUDS PIIENU]IL
QAT SUISN SUIIYD JJS PoYOIRY A[Mau Ul UOTIBZIUO[OD
pjjauoupg Jsurede 109132 aA1199101d 2y} Jo Apnis aanereduio))
saIpmIs

[eruowLIdd Xy SUSOIYD Ul UONBZIUO[OD V]jauouvs JuaAa1d
0 UOISN[OX? 9ANdWOD pue UOTIBUIIOBA JO UONHBUIQUIO))
SUOIYD UT UTBI)S QUIDIOBA DJJ2UOUDS AT] PAIBNUIE UB YIIm
UOTIRZIUNWWI PUB UOISN[OX? 2AN}dWO Jo uoneuiquio))
s§30 Suryojey

I9I0Iq UT INI[ND UOISN[OX? 3ANNdWwOod Jo uondafur oao ug

JuaUIIear) BIO[J-ING paulyop

Kq syo013 An[nod ur uoneZIuo0d pjAUCUDS JO JOINUO))
BIO[JOIOTW [BUIISIIUL JO UOTIRISTUTWIPE

£q no3nopay pyjauowyps surede sYOIYO FunoA JO uondN0Id
Kyenb yeowr Anpnod

uo uoseas pue Jurpagj (0o0eg-030e ) onoiqoid Jo 1091)g
wnunuiydA) vpjauouwyps ynum

P2103JUT SUOIYD uo J1,S uoneredard Jo 199JJ0 2ATIRIND AU,
UOIYS UI SISO[[QUOW[ES [0TU0D 0) AF31ens

V :1[[198q0108[ AQ Djauowpg JO UoISN[IX? dANNadwo))
uorsn[ox3 aannedwod 1oy suoneredard JUaISJJIp

, I ‘Tenosed

» L' PASIN

'V ‘eInweyeN

‘N ‘RUYPN

» 11 “TOUISN
p 11 “TOUYIIN

A ‘JoyIa(toN

» O'D ‘PEIN
‘S ‘BSSBIN

‘d ‘uefleqey

¥ ‘eneysuide|

"L ‘PoAef



S€-879 ‘(W)TL

$0T-S61 ()8

L-TT21 ‘(9)89

121 “(S)0L
0L-LST ‘(v

6T “(€)LT

78-9LS ‘()21

08-9L1 (D19

€661

6661

c00T

1661

S661

8661

200¢

8661

'19S I[nog

'$9y 1nod '[ddv ‘f

101 POod '

‘[ouaoey ddy 1
‘oyied ueIAy

'Toued uRlAY

‘goajorg OIqOIITIA [

101 Pood [
"JOIQOIOTA

LIT

Paa1q Surke] © JO SYOIYO UT PJONPUOD sem Apmis STy, v
SISA[eue-B1oW UOTIBIIUIOUOD 3} UI papn[ou] ¢

SIsA[eue-B1oW UOBIUIOUOD Pue 3duUseA2Id 9Y) YIoq Ur papn[ou] z
stsk[eue-ejaw dousesard oy ur papnyouy |

SI9[101q pue suay Surke| ySnoIy)

o8essed oAIA ur £q paurejurewr sonorqoid jo uostredwo))
SIOIOIQ Ul UOT)OJUI D)JaUOU]IDS

sjuaAald pue souewIoyIad SAOUBYUS 2INI[ND [BISR))

OATA UT 23Ud[[BeYD H6T

winunwiydA) vyjauowpg e uo uoneredord snorqoxd pauryop
€ pue sa1n)[no adAj-raumnp] Jo $199JJ0 9y} JO JUSWSSISSY
syo1yd woiy wnunuyd4) e[suowes

Jo uorsnjoxa aAnnadwos uo senradoid s1qoydoipAy

pue Sutoype urssassod BIO[JOIOTW [BUTISOIUT UBIAR JO 103]JH
pjjauoupg Kq UOIILZIUO[OD

[22982 01 1S0dWOdTUIdA PI] S)Nod pue SYOIYO JO S0URISISIY
sajeIpAyoqres xo[duios pue 31sodwooTuIoA YIIm paJ

s191101q U wnunuwydA) vyjauouypg Jo UOISN[OXA dAnIIIdwo))
wnumuwiydA) vjjauowypg jsurede

uonIqIyuI 2ANNdWOD pue WNJD USNIIYO WIOIJ PAIR[OSI
"dds snj[108qOI0BT JO SOTISLIOOBIRYD UOIIBZIUO[OD [RUIISIIU]
sI9[101q ur wnunwiydA) vpauouog

JO UONEZIUO[0J 3y} Uo sarpoqnue d1roads-wnunuwrydLy
vjjauoupg pue onoiqoid oyroads-ueiAe ue Jo uoneneAyg
SUYOIYD U UOTJBZIUO[OD SIPTILIOIUD

1y ‘undrz

v.m 55%
NS ‘S1o1e M
'S ‘onaelg

, T'I ‘1e0uadg

[ ‘Ioouadg

"ML ugS

ke
‘ouodosurolg



218



