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ABSTRACT

Epidemiology of Clostridium Perfringensand Clostridium Difficile Among Ontario Broiler

Chicken Flocks

Hind KasabBachi Advisor

University of Guelph2017 Dr. Michele Guerin

This thesis is an investigation of the epidemiology and antimicrobial susceptibiity of
perfringensandC. difficile, and the use of antimicrobials, among commercial broiler chicken
flocks in OntarioData were obtaineddm the Enhance8urveillance Project largescale,
crosssectional study (July 2010 to January 20%ecal and colonéecal swabs (fooled
samples from 15 birds per flock) from 231 randomly selected flocks were collected and delivered
to the laborataoy for microbiological testingFlock data were collected from producers using a
guestionnaire.

Clostridium perfringensvasfrequentlyrecoveredrom flocks. ThenetBgene was found
in a moderate number of isolates and flo@ds of the C. perfringengsolates were classified as
type A except for one typE. Clostridium perfringenssolates had reduced susceptibility to
ceftiofur, erythromycin, tylosin tartratelindamycin, oxytetracycline, tetracyclinend

bacitracin

The most commonly used antimicrals in the feedvere polypeptideand ionophores.
The most commonly used antimicrobials in the water wergcillins and sulfonamide A small

proportion offlocks receivedtephalosporinat the hatchery.



Our study identified a number of factors assodatéh the presence &. perfringens
(andnetBamongC. perfringengositive flocks), andC. perfringengesistance to ceftiofur,
tylosin, erythromycin, and clindamycin, oxytetracycline, tetracycline, and bacitFagtors
includedsome feed millsyiseof feed containing antimicrobials, feed problems, season, average
duration of monitoring the flock per visit, and presence of a garbage bin at the barn entrance.
Clostridiumdifficile wasinfrequentlyisolated fom flocks Genes encoding for toxin A
and/orB, andribotypes 001 and Ol4vere detected in isdies.Isolaeshad reduced
susceptibilityto ceftiofur, tylosin tartrateerythromycin penicillin, oxytetracyclingtetracycline,

clindamycin,ampicillin, imipenemandcefoxitin.

Our study identified th baseline prevalence, genetic characteristics, and antimicrobial
susceptibility ofC. perfringensandC. difficile, and described the use of antimicrofiaimong
Ontario broiler chicken flocks. Our study also identified biosecurity, and managemerdgsacti
factors, including antimicrobiaJsignificantly associated with the presenc&operfringens
(andnetB), andwith C. perfringengesistance tgeveral antimicrobialfOur study findings can

be used to inform future disease intervention studies.
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CHAPTER ONE

Introducti on, literature review, study rationale, and objectives

INTRODUCTION

The Ontario chicken industry is a major sector of the Canadian economy, contributing
approximately $2.4 billion t o(Cldcken&anessf Gr os s
Canada, 2015)rhe Ontario chicken industry consists of 1119 chicken farmers and Sspoos
(Chicken Farmers of Canada, 2016he Canadian broiler chickendiastry is not vertically
integrated Classen, 298). A vertically integrated industry has a central profit point and
dependent industry componef@assen, 1998)The Canadian chicken industry is controltsd
the supply management system, which is an economic system that matches consumer demand to
supply productiorfChicken Farmers of Canada, 201bhe supply management system
stabilizes the income of producers dhd market price of chickgi@&oddard, 2007)in 1970, the
National Farm Products Agencies Act was passed, which led to the establishment of the Farms
Products CouncilfoCanada, a Canadian agency that oversees the operations of national
marketing agencies under the system of supply management. In 1978, the Canadian Chicken
Farmers of Canada was created to regulate the national production of ¢liokiglard, 2007)
Provincial marketing boards, such as the Chicken Farmers of Ontario, regulate and set policies
for the production and marketing of chicken in their jurisdicti@sddard, 2007)

The term broiler refers to chicks raised specifically for meat produ@®@avince of
British Columbia, 2015)Broiler chicken production involves a number of steps. Broiler breeder

produce eggs that asent to a hatchery. At the hatchery, the eggs are artificially incubated for 21



days. Chicks are sent to environmentally controlled barns until they reach their target market
weight. The birds are then sent to a procemvince of British Columbia, 2015)

In Canada, the demand for chickenamleas been rising steadily over the yé€htgpescu,
2015) This trend has been largely driven by the increasing price of beef, and the perception that
chicken is a healthier alternative to other méhatgpescu, 2015)The growing dermand for
chicken has led to the development of modern agricultural practices. Advancements in genetics,
nutrition, disease prevention and control, and barn management practices have resulted in faster
growth, better feed conversion, higher meat yields,l@awdr mortality(Cooper et al., 2013)
The movement from disease treatment to disease prevention has been imperative in allowing
birdsto reach their full genetic potential at the lowest production(€@egtich, 1998) Disease
prevention stategies include implementing strict biosecurity and vaccination programs, and the
use of preventative mediciiBekich, 1998) The purpose of bigsecurity protocols is to prevent
exposure of birds to pathogenic organisms from outside th®arm et al., 2008)

Enteric diseases occur as a result of phydialpgical, or chemical damage to the
intestinal systeniDekich, 1998) The role of the digestive systemto break down feed products
to sustain the health and growth of bi(B&kich, 1998) The gastrointestal tract is the major
digestive and absorbing organ of the digestive sygfamt-Romachet al., 2004) The
microflora has a role in nutrition, immune response, and growth perforramie Romach et
al., 2004)

Clostridium perfringensindClostridium difficileare two of 181 described species that
belong to the genuSlostridium(Keto-Timonen et al., 2006 Clostridia species are primarily
anaerobic, Grampositive, rodshaped, spororming bacteria in the Phylufirmicutesthat are

associated with gastrointestinal diseases in humans and a(Boaigllo, 1995) Other



important pathogens in this genus incl@ebotulinum, C. sordelliiC. septican, andC. tetani
The following literature review will be limited tGlostridium perfringenandClostridium
difficile, the former being the causal agent of necrotic enteritis [NE], an enteric disease that
occurs in poultry, and the second being an impbrasocomial pathogen of significant impact
on public health, and possibility an emerging zoonotic and foodborne pat{iRagmguez

Palacios et al., 2007, 2006; Rodriguez et al., 2012)
LITERATURE REVIEW

Clostridium perfringens
Clostridium perfringenss responsible foenteric diseases in humans and animals
(Songer, 1996)It is ubiquitous in the environment; commonly found in wastewyalust, air,
and healthy human and animal intestinal tr@étglis, 1977). Its ability to form endospores
allows it to survive and remain persistent in extreme environmental condiNowmak et al.,

2003)

Clostridium perfringenproduce at least 15 toxins that canralved in pathogenesis
(Hassan et al., 2015; Li et al., 2013; Songer, 190®stridium perfringenspecies are classified
into five types (A, B, C, D, and E) based on
(cpa , cph , €, ( apl)dSomger,(1996)in addition,C. perfringengroduce two toxins,
b 2cph@ and enterotoxincpe). Clostridium perfringensype A produe t -toxn, tipe B
produce t heoxU,nsh, tayrpdke (C produce the U- and b t
toxins, type Et pxiomsiceamdhealll amydpes can produ
toxin (Songer, 1996; Gibert et al., 199Furthermore, type A produce the NetB toiteyburn

et al., 2008)Each toxin type is associated with a particular human or animal disease, which



suggests that the virulence ©f pefringensis dependent on toxin and enterotoxin production
(Petit et al., 1999; Rood, 1998; Smedley 3rd et al., 200 differences between genotypes

and their associated toxins explain the wide spectrum ofsdiseesociated with. perfringens

For exampleC. perfringendype A can cause gas gangrene in humans and intestinal diseases in
both humans and animals, while type C can cause mucosal necrosis of the small intestine in
domestic animals and huma(f®&etit et al., 1999; Songer, 1996; Songer and Meer, 1996)
Clostridium perfringensype A and C are of particular interest to the poultry industry because

they have been associated with diseases in avian species.

Sampling, culturing, and identification of C. perfringens

Clostridium perfringensan be obtained from the jejunum, cecum, cloaca, and feces of
birds (Mitsch et al., 2004)Sampling and culturing techniques have been describ€uiioy et
al. (2013. Polymerase chain reaction (PCR), and#t@ak PCR have been used for geparg,
and amplified fragment length polymorphism (AFLP), pulsed field gel electrophoresis (PFGE),
and multilocus sequence typing (MLST) have been used for molecular subtyfing of

perfringeng(Chalmers et al., 2008b; Engstrom et al., 2003)

Toxins and genotypes o€. perfringens

Li et al. (2013, Petit et al. (1999 and Songer (1997) provide comprehensive description
of C. perfringengoxins and their activities. A description of the NetB toxin is provided below in
AGeneti c @ peviagersiot yB ra fapdgeng is lodatedenear the origin of
replication in the chromosongPetitetal., 1999) and t he bi ol eotgxkinbaal act i v
been described as cytolytic, hemolytic, demeerotic, and lethgPetit et al., 1999) T {togin U
hydrolyzes membrane phospholipids leading to membrane disruption and cell deaibb The
gene is located on the plasnfieetitetal.,, 1999) and t he bi ol doginlmaal act i v

4



been described as cytolytic, dermecrotic and lethal; however, its mode of action has not yet
been definedqPetit et al., 1999) T +orin hfas been associated with hemorrhagic mucosal
ulcerations in humans and animéPetit et al., 1999)Theetxgene is located on the plasmid
(Petit et al., 1999) a n oxin i secretéd as an inactive form and is converted to a toxic form
by proteolytic enzymePett et al., 1999)The toxic form is dermaecrotizing and lethal. It
consists of two unlinked proteins, la and Ib, which work together to disrupt the actin
cytoskeleton and cause cell deg@Blonger, 1997)Located on the plasmid and chromosome, the
enterotoxin (CPE) is responsible for causing diarteéated illness in dogs, pigs, horsesd a
humangSonger, 1997; Van Immerseel et al., 2004)e enterotoxin is produced during
sporulation and activateafter proteolysis, a process that involves removing 2drikino amino
acids from the moleculgSonger, 1997)Iits biological activity has been described as cytotoxic,

erythematous, and leth@eit et al., 1999)

Located on the plasmidPetitetal.,1999) t he b2 toxin &as first
perfringenstype C from a piglet with necrotizing enterocoli@ibert et al., 1997)Since its
di scovery, the b2 toxin has been ((Cespdterdled fro
2007a) ruminantgLebrun et al., 2007; Manteca et al., 2Q0®)rsesand piggBacciarini et al.,
2003) T htexin ba® been associated with enteric illnesses in pi@etciarini et al., 208
Waters et al., 2003horsegHerholz et al., 1999and sheefGarmory et al., 2000 he ole of
t h e-toxin2s still controversial in poultrgAllaart et al., 2012)Necrotic enteritis has not been
associ at e-doximimbroiler achibkengdye®po et al., 2007a; Gholamiandekhordi et al.,
2006) however, the role of thie Z2oxin in intestinal diseases in animals is still under discussion
(Franca et al., 2016; Asten et al., 2008)2007, a study in the Netherlands suggested that the

presence o€. perfringenswith atypicalcpb2might be associated with subclinical NE in laying



hens(Allaart et al., 2012)In swine, diagnosis of neonatal diarrhea has been through the isolation
of C. perfringenswith thecpb2gene from feces or intestinaontentgSonger and Uzal, 2005)

Chan et al., (2012pund thatC. perfringengsolates with th&pb2gene obtained from lactating
sows, gestating 8¢, growesfinisher pigs, and manure pits were more likely to carry the

atypicalcpb2gene, suggesting that there is a genetic link between the two genes.

Epidemiology of C. perfringensin poultry

Given its ubiquitous nature, the main sourc€operfringenstype A is the environment
(Petit et al., 1999 Clostridium perfringensisually spreads through horizonti@nsmission;
however, vertical transmission has been suggéSteane et al., 1985According toCraven et
al. (1999) it is extremely rare for chickens not to h&veperfringensn theirintestines.
Approximately 75% to 95% of broiler chickens h&veperfringensas part of their normal
intestinal microflorgCraven et al., 2001; Manfreda et al., 2006; Shane et al., 1984; Svobodova

et al., 2007)

According toCraven et al. (2001L. perfringensontamination caoriginate from
inside broiler barns during grow out or from sources outside the barn. Chickens can be exposed
to the pathogen by ingesting litter, or drinking from a contaminated s@@raeen et al., 2001)
Insects, including darkling beetles and flies, staff footwear, dirt from barn entrance area, and
stagnant water outside the barn have beemtifded as potential sources of contamination
(Craven et al., 2001Jurthermore, various pathens can be spread by insects, wild birds and
mammals shedding feces around the l{@maven et al., 2001; Davies and Wray, 199%)e
incidence ofC. perfringensn the environment might vary with the hatchery, farm, season, age

of the birds, and sample tyf€raven et al., 2001; M Kaldhusdal and Skjerve, 1996)



Necrotic enteritis (NE)

First descriled by Parish in 1961, NE is an enteric disease that occurs in broiler chickens
two to six weeks of ag@ong et al., 1974)This disease is characterized by sudden diarrhea and
mucosal necrosis caused by the overgrowt@i.gferfringengype A and type C and their
as®ciated toxins in the small intestine, although type C is not very con{iruoter Jr, 1998)
Necrotic enteritis is categorized as clinical or subclinical. The clinical form can cause high
mortality in broiler flocks leading to orercent loss per day for several consecutive days in the
last days of grow ouKaldhusdal and Lgvland, 20Q@linical signs include depression,
dehydration, ruffled feathers, and diarrhea. The subclinical fedifficult to detect and has the
higher economic impact when compared with the clinical f(8ttz and Lawton, 1984)
Subclinical signs include decreased digestion and nutrition alwsgrpeduced weight, and
impaired feed conversion rat{8tutz and Lawton, 1984)mpaired feed conversion and the
presence of necrotic lesions in the small intestines are indicatorisahihgztal NE. The
diagnosis is confirmed through bacterial analysis and genotyping of is(aldsusdal and
Hofshagen, 1992)ntestines of birds diagnosed with NE show a large numb@r pérfringens

(Baba et al., 1997; Long et al974).

Genetic diversity of C. perfringens

In SwedenEngstrom et al. (2003)vestigated the geetic diversity ofC. perfringens
isolates obtained from samples of broiler chickens, layers, and farmed rhea at processing. For
healthy broilers, samples were collected from the caegjumum from broilers witiNE, and
gall bladder from broilers witl. perfringensassociated hepatitis. For layers and rhea with NE,
samples were collected from the jejunum and cobatditional tissue samples (frothe

jejunum, caecum, and gall bladylerere collected from three healthy broiler chickens from one



local farmto determine the range of variation between flocks and within chickdrs3 Aolates
obtained from broiler chickens, layers, and farmed rhea at processing and tissue samples from
healthy birds were type A, wittpb2present in two strains, and no prese of the enterotoxin

gene.

Nauerby et al. (2003hvestigated the genetic diversity ©f perfringensfrom chickens
raised following conventional aratganic methods in Denmark. Twoindred and seventyine
C. perfringenssolates were obtained from Bboiler farms in Denmark. All isolates were type
A. Isolates from healthy broilers can have a number of different clones even within individual
chickens when analyzed using PFGE; however, isolates from birds suffering from NE or
cholangiehepatitis may nabe as genetically diverse as healthy birds, showing only one or two

clones when analyzed with PFGE.

In Finland,Heikinheimo and Korkeala, (2008gported that all isolates taken frorh8l
broiler chickens were type A and negative for the enterotoxin. The number of farms or chickens
sampled was not provide@holamiandekordi et al. (2006)nvestigated the genetic diversity of
C. perfringensfrom healthy and diseased birds in Belgium. In that study, tw&sign isolates
were obtained from 23 diseased flocks, and 36 isolates were obtained from eight healthy flocks;
all grains isolated from healthy and diseased broilers were type A; howevepjtbgene was
found in four isolates from healthy birds and eight isolates from diseased birds. The enterotoxin

gene was found in two isolates from healthy birds.

Manfreda et al. (2006onducted a study between October 2005 and February 2006 on
the prevalence d. perfringensfrom intensive and extensive broiler farms in Italy. Five caecum

contents per flock were collect@t processing. Thirty of 33 intensive and extensive farms were



positive forC. perfringens(90.9%). Twentyone of 23 itensively raised flocks (91.3%nd 9 of
10 extensively raised flocks (88.9%) were positiveGoperfringens A positive flock was
defined as a flock with at least one posit@eperfringenssample. Eightyseven of 149 caecum
samples (58.4%) were positive, 64 of 104 sample$HP6) from intensive operatioasid 23 of

45 samples (51.1%) froextensiveoperationsvere positive folC. perfringens

In the Czech Republi§vobodova et al. (2007¢ported that 17 of 23 flocks (73.9%)
raised in intensive operations were positiveGoperfringens In that study, 609 samples of
caecal contents were collected from May 2005 to September 2006, and 112 samples (18.4%)
tested positive fo€. perfringensAll isolates were type A and did not carry the enterotoxin

gene; only four isolates carriegb2

Unt i | recentl y, r ebtxxiawas thecausative toan ofiMBd t h at
Sheikhly and AlSaieg, 1980)Keyburn et al. (20063 u g g e s t e ttoxih Wwaa hot essergial U
for diseasgathogenesis by showing thalanutant toxin strain has the ability to initiate the
development of NE experimentally. Eighteen isolates were recovered from six flocks that
suffered from NE. Samples were collected fritialiver, kidney, intestinal samples, and gut
contents. To testtheiad i t y -toxir to prddwce disease, three groups of 10 Ross 308 broiler
chickens wer e cmatantseangrent widiyde Btraih. We lesions fourmal
birds from the two groups challenged with mutant strains were not significaifésedt from

the lesions found on birds from the wilgpe strain. The results of the trials were reproducible.

Keyburn et al. (2008)iscovered a novel toxié@ NetB. ThenetBgene was identified in
C. perfringengypeA isolates from chickens suffering from NE (14 of 18 chicks; 77.8%), and O

of 32 C. perfringendsolates recovered from cattle, sheep, pigs, and humans. The study

t



demonstrated thatreetBmutant strain from virulent NE isolate was not capable of initiating

diseasand that a nomutantnetBstrain andhetBmutant strain in combination with a wild type
netBwere capable of initiating disease. To test the abilitysdBmutant genes to cause disease,

groups of three 10 Ross 308 broiler chickens were chatewith anetB-mutant strain, aetB

mutant complemented with a witgipe netBor a wildtypenetBstrain. The lesions found in

birds from the groups challenged withtBmutant complemented with a witgipe netBand a

wild type netBstrain were significaity different from the lesions found on birds from the mutant
strain. Keyburn, et al. (2008) concluded that

factor to be identified in avia@. perfringens t r ai ns capabl e of causing

Chalmers et al. (2008Imvestigated the genetic diversity ©f perfringensin healthy
broiler chickens in Ontarigzanada. The study was conducted between October and November
of 2004. All the chicken samples were obtained from a single farm in Ontario. The birds were
male Ross 308. Birds were randomly placed in one of two barns. The two barns were identical
except that birds in one barn received bacitracin and birds in the barn did not. Each barn was
divided into three sampling areas. Two birds were randomly selected from each of the three
sampling areas. Samples were taken at da¥4, 22, 27, 30 and 34 of a-diayrearing cycle.
Isolates were recovered from caecal contents of birds. Pooled environment samples (drinking
water and bedding material) were obtained at the same time bird samples were collected. Twenty
isolates from caecal samples of a flock that wasgglat the same two barns prior to the flock of
interest were examined. Twenty isolates from floor swabs of the same flock placed in the same
two barns prior to the flock of interest were examined. The mortality in the two barns was 5.5
and 8.0%. One hundidorty-eight of 205 caecal isolates (72%) were obtastedays/, 14, and

22 of sample collectiorClostridiumperfringenswas difficult to culture from cecal samples

10



taken after 22 days. Ninetiiree isolates were collected from environmental samplegyfwo

isolates were collected from bedding material, eight isolates were collected from drinking water,
and 53 isolates were collected from fecal samples. Eight major PFGE typhsahl 17

subtypes were identified in 298 perfringenssolates. ThéFGE type B was found isolated

from the barn that received bacitracin and the barn that did not receive bacitracin. The prevalence
of PFGE type B decreased significantly at days 27, 30 and 34 in comparison to 7, 14 and 22.
Different isolates selected frothe same barn were more likely to be from the same PFGE type.
The PFGE types of isolates obtained from the flock placed in the barns prior to the flock of
interest identified type A in two isolates, and type B in 18 isolates. The PFGE types of isolates
obtained from the floor of the flock placed in the barns prior to the flock of interest identified

novel PFGE types.

In another studyChalmers et al. (2008&)vestigated the genetic diversity ©f
perfringensfrom broilers suffering from NE using MLST. Samples were collected from farms
associated with two major processing plants in Ontario between 2005 and 2007. Samples of
chickens that suffered from NE or died of NE were collected from one processor. Samples from
healthy birds from the same NE outbreak flock were collected at the same time. Birds from
processor 1 were raised without antimicrobial agents, and birds framgsar 2 were raised
following conventional methods. NedE outbreak flocks were sampled from processor 2.
Eighteen flocks were sampled in total, 11 from outbreak flocks, and 7 healthy flocksosxty
C. perfringensisolates were recovered from 45 broithickens. Fortysix of 61C. perfringens
isolates (75.4%) were positive foetB seven of 20 healthy flocks (35.0%) and 39 of 41
diseased flocks (95.1%) were positive h@tB Thecpb2gene was found among isolates

obtained from healthy flocks only ¢git of 20 flocks (40.0%)I'he researchers suggested that the

11



presence ohetBwas not a necessary or sufficient cause for NE development. Another toxin was
identified, TpeL, fromC. perfringensstrains in someaetBpositive isolates. ThigppelL gene was

detected only in isolates associated with NE outbreaks.

De Cesare et al. (200Bjvestigated the prevalence ©f perfringensn broiler chickens
raised in Italy and Czech Republic.thre Czech Republic, 1338 samples were collected from 51
intensively raised flocks. In Italy, 104 samplegeveollected from 23 intensively raised flocks,
45 isolates from 9 organic flocks, and 45 isolates from 9rfxege flocks. Severtgight percent
and 64.7% of intensively raised flocks were positivedoperfringensn Italy andthe Czech
Republic, respctively.Eight of nineorganicor freerangeltalian flocks (88.9%jverepositive

for C. perfringens

Martin and Smyth (2009)ere the first study to repanetBin healthy American broiler
chicken flocks. Twelve isolates from 12 chickens with NE raised on seven farms with high
mortality were initially collected. The isolates were recovered from small intestinal samples.
Furtheranalysis was conducted on an additional 24 isolet@svered from NE lesions in one of
the 12 birdsSeventy isolates were recovered from 61 healthy chickens raised on 24 farms.
Isolates from healthy birds were recovered from caecum, small intestinesamdliver
samplesSeven of 61 birds were sampled twice, and two birds had two isolates with different
morphology. An additionaknisolates were recovered from caecum or small intestines samples
of birds without NE that tested positive fogtBin atleast one isolate. Ninetyvo C. perfringens
isolates were recovered from chickens, and 14 isolates were recovered from cattle. One hundred
of 106 isolates (98.1%) were type A, and two isolates (1.9%) were type E. Fifteen isolates of 104
isolates wer@eB positive (14.4%), 39 isolates werpb2positive (37.5%), and 2 isolates

(1.9%) werecpepositive. Seven of 1€. perfringenssolates (58.3%) recovered from chickens

12



with NE were positive fonetB Seven of 8@. perfringenssolates (8.8%) from chicken
without NE were positive fanetB Twelve of 15netBpositive isolates werepb2positive.One
C. perfringenssolate recovered from the liver of ay8arold cow with liver abscessgasnd

enteritis was positive faretB

Keyburn et al. (2010nvestigated the prevalencer@tBandtpelLamong isolates
obtained from chickens with NE and healthy chickens fBetgium, Denmark, Australia, and
Canada, and tested the abilitynatBpositive anchetBnegative isolates to cause NE in chickens
experimeatally. In this studynetBwas detected in 31 of 44 (70.5%) and two of 55 (3.6%).of
perfringenssolates from diseased and healthy chickens, respectively. Of tietBositive
isolates from diseaddirds, 3 of 4 (75.0%) were from Belgium, 5 of 7L(#%) were from
Denmark, 19 of 24 (79.2%) were from Australia, and four of nine (44.4%) were from Canada.
ThetpelLgene was detected in four of 44 (9.1%) isolatesBpositive) from diseased birds. The
tpeLgene was not detected in isolates obtained fieaithy birdsEighteen groups of 10
chickens were challenged with straingofperfringensfrom chickens with NE; 11 groups
received strains positive foetB and seven groups received strains negativedti All 11
netBpositive strains caused dase, and none of tetBnegative strains caused disease.
Keyburnet al. (2010xoncluded thametBremains an essential virulence factor in the

development of NE.

Smyth and Martin (2010§xamined the ability ohetBfrom different strains o€.
perfringengto cause disease chickensClostridiumperfringenssolates examined were from
four different sources; I)etBpositive isolates from healthy chickens, Z)edBpositive isolate
from a cow, 3netBnegative isolates recovered from chickens with NE, anme#Bpositive

isolates from chickens with NE. The ability of thirteen different strair@. perfringenstype A
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to produce disease was tested. All erghiiBpositive isolates obtained from healthy and diseased
birds produced NE lesions. Howevire severity of lesias varied significantly between strains.
OnenetBpositive isolate from normal birds did not produce clinical NE; however, it produced
mild NE. The fivenetBnegative isolates from chickens with NE did not lead to clinical NE. This
study was in was in ageeent withKeyburn et al. (2008 thatnetBwas essential in the
development of NE; however, Smyth suggested that other virulence factors are involved in NE

pathogenesis because of the broad array of virulence aswates carryingetB

In Sweden,Johansson et al. (201i@\vestigated the prevalencertBin C. perfringens
isolated from a singlecanmercial broiler chicken flock affected by mild NE and raised without
antimicrobials or coccidiostats. The flock was raised between May 2004 and June 2004. Samples
were collected on days 6, 14, 23, and 30. The birds were sent to the slaughter pldatyat 31
Ten chickens and five litter samples were collected on each sampling day. For each sampling
day, the five litter samples were pooled. Ten of the 40 live chicken samples collected were sent
for microbiological testing. In addition, samples from foirdb found dead with NE .
perfringensassociated hepatic chan@&PH) were collected from the small intestiaad the
liver wassent for testing. Samples from birds with NE or CPH were taken at the slaughter plant.
ThenetBgene was found in 31 of 3dolates (91.2%) that originated from eighteen chickens
collected alive, found dead, or slaughtered with NE or CPH lesions, and 16 of 23 isolates
(69.6%) that originated from birds without NE or CPH lesions. Birds with NE or CPH had up to
six PFGE typedsolates obtained from the chickens suffering from NE in a flock were generally

of the same PFGE type (i.e. they were clonal).

Abildgaard ¢ al. (2010)investigatedhe presence afetBandin vitro production of NetB

in 48 isolates obtained from Danish broiler chicken flocks with known health status. Thirteen of
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25 isolates (52.0%) and 14 of 23 isolates (60.9%) from diseased and healkenshvere
positive fornetB respectively. Twelve of 1detBpositive isolates (85.7%) from NE chickens
produced NetB, and four of I¥tBpositive isolates (28.6%) obtained from healthy chickens

produced NetB.

Slavicet al. (2011xonducted a study on the antimicrobial susceptibilit¢ of
perfringenssolates collected from various species in Ontario, bovine (n = 40), chicken (n =
100), porcine (n = 85), and turkey (n = 50). Isolates were obtained from specimeritseslin
the Animal Health Laboratory between January and March of 2005. Samples were obtained from
31 bovine farms, 38 porcine farms, nine chicken farms, and six turkey farms. Isolates were
obtained from clinical cases obwine and porcine diarrhea apdultry cases with high mortality
or NE. All 275 isolates wer€. perfringendype A except for one type D sample, which was
collected from a turkey. Thepb2was present in 88% of the chicken isolates, which represented

36% of total samples.

Rood et al.(2016)provides a comprehensive review of necrotic enteritisneté
Briefly, netBis present is in both healthy and diseased broiler chickens, and isoktBfgom
healthy broiler chickens suggests that other predisposing factare@ssary to initialize the
development of necrotic enteri{isloore, 2016) Timbermont et al., (2014uggested that
Perfrin, a novel bacteriocin that is not located on the same genetic elemet® asight be an
additional virulenceactor for NE in broiler chickengiimbermont et al., (2014gsted 5CC.
perfringenssolates from broiler dokens obtained from Belgium and Denmark, and 45
additional isolates from cattle (13 isolates), pigs (11), turkeys (10), sheep (3), and humans (3) for
the presence of perfrin. From chickense netB-positive isolates from chickens with NE and

onenetB-positive isolate from a healthy chicken were positive for perfrin. The 45 isolates from
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cattle, pigs, turkeys, sheep and humans that inclndt| negative isolates and typasB, C, D

and E strains did not test positive for perfrin.

In Korea,Park et al., (2015JenotypedC. perfringenssolates obtained from broiler
chickens between 2010 and 2012. In this stadgyples were collected from various birds (i.e.
breeders, broilerdayers, native chickens, turkey, and wild birds) grouped into three categories:
birdsthatdied from NE, sick birds with NE, and healthy birds. Park et al., (2015) found that all
isolates from chickens were type A. TirtBgene was found in 10 of7@sdates (14.9%); 2 of
50 isolates (4.0%) from healthy chickens, and 8 of 17 isolates (47.0%) from dead chickens with
NE. ThetpeLgene was found in 2 of 67 isolates (3.0%); O of 50 isolates from healthy chickens,

and 2 of 17 isolates (18%) from dead chickes with NE.

Wade et al., (2016hvestigated the importance of adhesive properti€s. gerfringens
in isolates obtained from various species (diseased and healthy chickens, sheep, cows, pigs,
goats, turkeys, and humans) and d¢das (Australia, USA, Belgium, Canada, Denmark, Italy,
and UK). This study found th#tte collagen adherence locus present in the first five genes of the
VR 10 B locus, is involved in adherence to specific types of collagen, and is an important
virulencefactor that contributes to the ability 6f perfringendo induce disease and colzai
the chicken intestinal environmeiithe presence of theA-locus is not essential to the

development of NE because ddécus negative strains were able to cause disease.

In Japan(C. perfringensetBpositive strains from NE outbreaks in 2008 were used to
induce necrotic enteritis experimenta(lyo et al., 2017)In that study, 18 commercial broiler
chickens (14 days of age) were collected from local vendors, and divided into two tipaiups

were placed in two separate pens: 10 chickens were placed in the challenge geEigptand
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chickens in the control groups. At 21 days and for five consecutive days, the chickens in the
challenge group received the challenge orally, whereas chickémes amtrol groupreceived

GAM broth orally. Ninetypercent of challenged birds (9 of 10) and 12.5% of control birds (1 of

8) showed gross necrotic lesions. Lesion scores of birds in the challenged group ranged between
2 and 5, whereas and the one corttid had lesion score of 3. Clinical signs of necrotic

enteritis were only found in challenged groups. This study showeddtipositiveC.
perfringenssolates from NE outbreakave the ability to induce NE experimentally, and

suggests thatetBis an important factor in the pathogenesis of NE.

In summarystudies conducted in North America, Europe, and Asia foundyibatA

was themostcommonC. pefringengound in intestinal samples of broiler chickdmfable 11).
Various researchers have studikenetBgenethat wasdiscovered in isolatesbtainedrom
chickens with NE in 2008 by Keyburn et al. (2008jtially, netBwas found in diseased birds
only; however, subsequent studies fometBin isolates obtained from healthy and diseased
chickens as well as other animal species, such as c8tilelies published in 2017 continue to
emphasize the importancetbe NetBtoxin in the development of NE; however, eat findings
suggest that there may be other important factors, suble peL toxin andperfrin. Currently,

a link between thé 2oxin and the development of NE has not been established.

Predisposing factors for necrotic enteritis
Necrotic enteritis is a muHfactorial disease. The ubiquitous natur€operfringens
makes it difficut to attribute a single cause to the development ifM&Devitt et al. (2006)
estimated that. perfringenscolonize over threguarters of birds in any flock at any given time
but only small percentageevelop NE. The overgrowth @f. perfringensn the intestines has
been suggested to occur because of a combination of events including damage to the intestinal
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mucosa, lowered pH level in the intest{(Baba et al., 1997pand ceinfection with coccidia,

more specificallyEimeria bunettandEimeria maximanfections(Al-Sheikhly and AtSaieg,

1980; Elwinger et al., 1992breed, sex, and a@erescott et al., 2016Baba et al. (1992)

showed tha€C. perfringensvas less likely to remain in the caecal mucosa of chicks not infected
with Eimeriathan infected chicks. Factors that might contribute to the development of NE
include thickeningf the digsta due to consumption of watssluble and hard to digest
carbohydrategKocher et al., 2003damage to the intestinal lining as a result of rough litter and
different farm operation€Craven et al., 2001¥seasonal variatiofMagne Kaldhusdal and

Skjerve, 1996)Further, the severity of NE in chickens might vary by dietary content (wheat and
barley or fishmealantimicrobials and amnccidials content, and animal protein and soya been
content)(Branton et al., 1987; Magne Kaldhusdad Skjerve, 1996; Prescott et al., 2016; Stutz
and Lawton, 1984)Additional environmental factors might include, wet litter, use of ammonia
as a disinfectant, and plagieard wall{fHermans and Morgan, 20Q®vercrowding, and stress

(Hoerr, 2010)

Antimicrobia | use

Antimicrobials in feed control for disease and enhance production of food animals. They
can directly reduce the risk of subclinical infections by reducing the number of opportunistic
pathogens in the gut microflora and enhance nutrient digestifiliiner and Richards, 2005)
Thomke and Elwinger (1998) and Dibner and Richards (R6fi&r comprehensive reviews on
the mechanism of action of antimicrobials. In short, antibiotics transform the intestinal
microflora and specifically target bacte(Bedford, 2000) The term antimicrobial refers to
natural, synthetic, and sersynthetic substances used to inhibit growth or kill microorganisms

(Giguere, 2006a)The main concern with preventative antimicrobials is that human bacterial
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pathogens might acquire antimicrobial resistance from animal path(enisl Health
Organization (WHO), 2001 Furthermore, environmentalists feaatimanure waste, containing
arsenic, heavy metals, and antibiotics, can spread in the environment and contribute to the spread

of pathogens with antimicrobial resistant ge(@sterberg and Wallinga, 2004)

Sweden was the first countrylban the use of antimicrobial growth promoters in animal
operations in 1986, after a report indicated lack of consumer confidence in meat safety due to the
large quantities of antimicrobials used in food producfidierup, 2001) Other countries in the
European Union, including the United Kingdom and Denmark, soon follthee8wedish
initiative (Wierup, 2001) In the 1990s, the use of garcin in poultry feed was associated with
establishing a reservoir of vancomyegsistanEnterococcuspp (VRE) in food animals
leading some countries in the European Union to ban the use of antimicrobial classes used for
human medicine in animal prodien (Bates et al., 1994)n 1999, the European Union banned
the use of tylosin, zinc bacitracin, virginiamycin, spiramycin, and avopg@teasewell et al.,

2003) The European ban on growth promoting antimibials led to an increase in NE outbreaks
and subsequent rise in the use of therapeutic antimicr¢Giatewell et al., 2003)\fter
implementing a ban cavoparcinGermany, Netherlands, and Italy reported a decrease in the
prevalenceof VRE in humangEmborg et al., 2001)The use of therapeutic antimicrobials
returned to approximaly the same amount after the introduction of narasin into thg Grade

et al., 2004)

Treatment and prevention
Necrotic enteritis is largely controlled by reducing exposure to NE risk factors and by the
use of antimicrobials in the feed or wafBrennan et al., 2001Examples of antimicrobial

agents used in Canadian poultrydde preventNE and coccidiosis include the use of bacitracin,
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tylosin, and narasi(Diarra and Malouin, 2014)Agunos et al., (2013)rovides a list of
antimicrobials available for use in chickens in Canadéimicrobialsncluded in Canadian
guidelines for use in biler chickens, and antimicrobials for treatmenGddstridium
perfringengnfections in broiler chickeng\ list of antimicrobials ancanticoccidialsused in the

prevention and treatment of necrotic enteatisl coccidiosigreprovided inTable 12.

Several organizations rarg&ntimicrobials Table 1.3).TheWorld Organisation for
Animal Health(OIE) ranksthe antimicrobials accordingitoportance to veterinary medicine.
The firstcriterion isbased ortheresponse of 66 returnegiestionnairefrom courriesand
organizations that signed the-operation agreement in 20Jd&nd whether 50% or more of the
guestionnairéakers identified the antimicrobial as importarte second criterion is based on
the availability ofalternative antimicrobialswith similar theapetic effects Antimicrobials can
belong to one of three categorigsterinary critically important antimicrobials, veterinary highly
important antimicrobials, and veterinary important antimicrobials.

TheWorld Health Organizatio(WHO) drug clasification systemanks antimicrobials
according to their importance to human medicifige first criterion idasedn theavailability
of alternative antimicrobialwith similartherapeutic effectsand thesecondcriterionis based on
whether théi a batterial[is] used to treat diseases caused by organisms that may be transmitted
via nonhuman sources or diseases causes by organisms that may acquire resistance genes from
north u ma n s Animiaobialsdican beng to one of three categoriesitically important
antimicrobials, highly important antimicrobials, and important antinbieda

TheCanadian drug classification system ranks antimicrobials according to their
importance to human medicinEhe first criterion is whether the antimicrobial i fireferred

option for treatment of serious human infections. The second criterionasdhability of
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alternative antimicrobials with similéinerapeutic effectsAntimicrobials can belong to one of
four categoriescategory | =very high importanceCategory Il = high importanceategory Il =
medium importance; and category IV = low importance.

Antimicrobial classification according to the OIE,N®, and the Canadian drug
classfication criteriahighlight the importance antimicrobialsin treatingand preventing
diseasedn vetainary or humammedicine For example, antimicrobials that belong to the
lincosamide antimicrobial class are veterinary highly important antimicrobials according to the
OIE classification, critically important antimicrobidts human medicine according to the WHO
classification, and antimicrobials of high importaiiCategory Il)to human medicine according
to the Canadian drug classificatidrhe comma criteria forthe threeclassificationsystemsare
thecriteriabased onwhether alternativewith similartherapeutic effect®o the antimicrobiahre
available.The secondriteriauseal to rank the antimicrobialdiffers among the three
classification system3.he difference between tWgHO classification and the Canadian giru
classification system is that the Canadian systenahaslditionatategory (low importance) for
antimicrobials not used in human medicine, such as ionophores, whereas, the WHO
classification does natategorizehe antimicrobialshat are noused fo human medicinelThe

OIE isused to rank importanveterinaryantimicrobials.

Antimicrobial susceptibility

The aim of antimicrobial susceptibility testing is to predictitheivo success of
antimicrobial treatments. Antimicrobial susceptibility testingtended to provide clinicians
information on appropriate antimicrobial treatments and provide data for epidemiological
surveillance, which could influence potential antimicrobial policies. The laboratory

methodologies for bacterial antimicrobial susdaipty testing are discussed in detail in the

21



World Organisation for Animal Health Manual (2012). Briefly, the three main testing methods
are disk diffusion, broth dilution, and agar dilution.

The raw data provided by the disk diffusion test is in the foffmone size. Antimicrobial
impregnated disks are placed on inoculated media, which are then incubated to allow the bacteria
time to grow. The diffusion of antimicrobial establishes a concentration gradient, which is
related to the minimum inhibitory coestration (MIC) of the antimicrobial. The advantages of
disk diffusion testing include the ability to test a large number of isolates, low cost, and
simplicity.

The broth and agar dilution methods provide MIC data. The broth and agar dilution
methods mease the lowest concentration of an antimicrobial that inhibits the growth of an
antimicrobial under investigation. In comparison to disk diffusion, the broth and agar dilution
methods are more reproducible. The broth dilution method involves suspensioacté@um
into liquid media (macro dilutions) or micro titration plates (micro dilution) containing different
concentrations of an antimicrobial. Micro dilution test panels are available commercially
allowing less flexibility for surveillance in comparisto the agar and disk diffusion method.
The agar dilution method is a technique that consists of testing an organism to varying
concentrations of an antimicrobial substance in an agar medium. Results from agar dilutions are
considered the most reliable iC tests. Interpretations of MIC data are as follows: susceptible
means that isolates are inhibited by the concentration of the antimicrobial; Intermediate means
that isolates may have variable susceptibility to the concentration of the antimicrctsigne
means that isolates are not inhibited by the concentration of the antimicrobial.

Various approaches have been used to determine the antimicrobial susceptibility of

Clostridium perfringenso antimicrobials. Some researchers used thesptiCthe MICq to
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describe the MIC necessary to inhibit the growth of 50% or 90& perfringenssolates,
respectively(Gharaibeh et al., 2010; Slavic et al., 2013harabeh et al. (2010Jescribed the
activity of each antimicrobial o€. perfringenssolates by ranking the Migand MIGy, from
smallest to largest. Other researchers used epidemiologieaff maues obtained by assessing
the distribution of the MIC dat@®utta and Devriese, 1980; Johansson et al., 2004gn the

MICs showed a monrmodal distribution, all isolates were classified as susceptible or resistant
(Dutta and Devriese, 1980; Johansson et al., 20U4%n the MICs of antimicrobials showed a
bimodal distribution, isolates with high MICs were classified as resistant and isolates with low
MICs were deemed suscepélfDutta and Devriese, 1980; Johansson et al., 200Agn the

MICs showed a mukimodal distribution, isolates between the two modes were classified as
intermediatgDutta and Devriese, 198@lavic et al. (2011yisually inspected the MIC
distributions or set the cuiff valuetwo standard deviations above the MIC geometric mean
when this valuevas within the dilution testing rangé/hen limited information was available,
isolates were not classifie8lavic et al. 2011)Gad et al. (2011 and 201&pssifiedC.
perfringenssolates obtained from commercial layer and turkey flocks in Germany as susceptible
or resistant using the Clinical and Laboratory Standards Institute (CLSI) guidelines, the
European Antimicrobiabusceptibility testing, and AVID (Arbeitskreis Veterinarmedizinische
Infektionsdiagnostik).

Dutta and Devriese (1980)vestigated the MIC of. perfringensisolates obtained from
pigs, cattle, and chickens in Belgium. All 121 isolates from all animal sources were susceptible
to avoparcin, furazolidone, monensin, nitrofuran, penicillin G, ronidazole and tiamulin, and
resistant to flavomycin. Isolates ofstead from chickens were susceptible to carbadox,

chloramphenicol, erythromycin, and virginiamycin.
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Watkins et al. (1997¢onducted a study to determine the susceptibility €48
perfringengsolates obtained from chickens and turkdgolates were obtained from 26 broiler
chicken commercial farms and 22 turkey commercial farms in the United St&tans et al.
(1997)reported low MIC for avilamycin, avoparcin, monensin, narasin, and penicillin; moderate
MIC for tilmicosin, tylosin, and virginiamycin; and high MIC to bacitracin and lincomycin in

broiler chickens.

Martel et al. (2004investigated the antimicrobial susceptibilityC. perfringensamong
47 isolates obtained from 31 broiler chicken farms in Belgium in 2002. All isolates were
susceptible to monensin, lasalocid, salinomycin, maduramycin, narasin, avilamycin, tylosin, and
amoxicillin. Low level acquired resistancedblortetracycline and oxytetracycline was detected

in 66.0% of isolates.

Gharaibeh et al. (201@)vestigated the antimicrobial susceptibility@fperfringens
amoryg 155 broiler chickens in Jordan with a history of enteritis. Minimum inhibitory
concentrations showed varied susceptibility to antimicrobials. Reduced susceptibility of some
antimicrobials was attributed to antimicrobial use at poultry operations.

Johansson et al. (200#vestigated the antimicrobial susceptibility of 102perfringens
isolates from healthy or diseased 89 broilers, 9 layers, and 4 turkityseight isolates
originated from 12 Swedish farms, 20 isolates from 16 Danish Farms, and 22 isolates from 21
Norwegian farms. Isolates were isolated from 1986 to 2002. All isolates from all poultry sources
were susceptible to ampicillin, narasin, avilanmy erythromycin, and vancomycin. Three and
15 percent of isolates from Sweden and Denmark, respectively, were resistant to bacitracin.

Thirteen percent of isolates from Norway were resistant to virginiamycin.
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Gad et al. (2011lipvestigated the antimicrobial susceptibility of 00perfringens
isolates obtained from turkey flocks in Germany between March 2008 and March 2009. All
isolates were susceptibl t-lactarb antimicrobials, and combinations of lincomycin,
spectinomycin, and tylosin. The majority of isolates were sensitive to enrofloxacin (98.0%),
oxacillin (83.0%), tiamulin (80.0%), tilmicosin (80.0%) and trimethoprim/sulfamethoxazole
(72.0%). Tte majority of isolates were resistant to spectinomycin (74.0%), neomycin (94.0%),
and colistin (100.0%).

Gad et al. (2012nvestigated the antimicrobial suscepitilp of 46 C. perfringens
isolates obtained from commercial layer chicken flocks between 2008 and 2009 to 16
antimicrobials. Al | -lackam néiniiceobialdylesm,eloxgcycknc ept i bl e
tetracycline, enrofloxacin, trimethoprim/sulfamethaole, lincomycin, and tilmicosin. Isolates
were resistant to erythromycin (17.4%) and tiamulin (19.6%).

In one studyChalmers et al. (2008&und that twentyeight of 61 isolates (45.9%) were
resistant to bacitracin; 17 of 41 isolates (41.5%) obtained from diseased birds and 11 of 20
isolates (55.0%) obtained from healthy birds were resistant to bacitracin. In astathger
Chalmers et al. (2008bpund that thirtynine of 41 isolates (95.1%) were resistant to toacin.

All of the resistant isolates were obtained from birds that received bacitracin. The two
susceptible isolates were obtained from birds that did not receive bacitiaeideterminants

for the high prevalence of bacitracin resistance were not knibvgna possibility that bacitracin
resistance genes spread horizontally between strains, or resistant strains have a selective
advantage over neresistant strainsSixteenof 41 isolates (41.4%) were resistant to tetracycline

using a breakpoint JoHanssgonetdg./(2004) as suggested by
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Slavic et al. (2011investigated the MICs of 100. perfringenssolates obtained from
Ontario broiler chickens and found resistance to bacitracin (64.0%), virginiamycin (25.0%),
tetracycline (62.0%), erythromycin (2.0%), clindamycin (2.0%), medemole (1.0%), and no
resistance to salinomycin (0.0%), and florfenicol (0.0Stawic et al. (20113uggested that there
is a pattern of increased resistanc€operfringensagainst certain antimicrobial agents
commonly used in disease control and treatment. Reduced susceptibility to several antimicrobials

was reported.

In summary, studieis the last decadeave found reduced antimicrob&lsceptibilityof
C. perfringemisolates to antimicrobials used to prevant treat necrotic enteritiis broiler
chickens such as bacitracin, and virginiamydBecause there are no standardized methods to
classifyC. perfringengsolates as resistant and susceptiblantimicrobialsstudies have been
using various methode determine the antimicrobial susceptibility@fperfringensFor this

reasonyesults ofC. perfringenssusceptibilitystudies should be interpreted with caution.

Alternatives to antimicrobials in feed

Different alternatives to antimicrobials in feeaMe been suggestedaly et al., (2015)
andDahiya et al. (2006)rovided a review of different strategies used to coi@rglerfringens
The different strategies in the review include probiotics, prebiotics, organic acids, various plant
extracts and essential oilgeid enzymes, hen egg antibodies, anticoccidial vaccination, diet
formulation and ingredient selection, cereal type, feed processing, and dietary protein source

level (Caly et al., 2015Dahiya et al.2006)

Studies have demonstrated that NE can be controlled by lereuated vaccinedi@gng et

al., 2015Keyburn et al., 2013 siouris et al., 201)3Recombinant attenuat&hlmonella
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vaccinesadministeed orally to broiler chickengrovidecosteffective protection against.
perfringengJiang et al., 2015Keyburn et al.(2013 demonstrated thatracombinantNetB
vaccine in birds waprotective against a mildral challengeof C. perfringens however, it was
not protective againstl@avychallengeadministered in the feedsiouris et al., (2013
demonstrated that counts ©f perfringensn the caeca of birds challenged w@h perfringens
andEimeria maximand vaccinated with anticoccidial vaccine were lower compared to

experimentallychallenged birds.

Economic impact of necrotic enteritis

It is very difficult to estimate the economic impact of NE to the broiler industry in North
America and other countries mostly because the disease is controlled by antimicrobials. Using
antimicrobials are known to increase the feed conversion efficiency, and in turn, it can positively
affect the economics of broiler producti@feighner and Dashkevicz, 198A) survey byWan
der Sluis (2000¢stimated that the cost of subclinical NE can be as high as 5 cents per bird, and

NE outbreaks caoost the world broiler industry nearly $2 billion.
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Clostridium difficile

Clostridium difficileis a Grampositive, spordorming, anaerobic bacillus, found in the
normal intestinal microbiota of 1 to 3% of healthy adults, and 15 to 20% of irfaotslarzi et
al.,2@4). This organi sm wWhsridond! bed afislkee i di tiiatulef
and culture it were quite difficut Hal | and OWpluetibtie 4960s,1it® dBséoyery was
not corsidered very significant. After the 1960s, several hospital patients suffered from diarrhea
and pseudomembranous colitis (PMC) after receiving treatment with broad spectrum
antimicrobials. In 1978, researchers establishedGhdltfficile was the sourcefahe cytotoxin
responsible for causing antibio@ssociated diarrhea (AAD) in hospital patigfidartlett et al.,

1978; Larson et al., 1978)

Clinical disease in humans

Clinical presentations d. difficile infection range from asymptomatic carrier to mild
diarrhea, to more life threatening conditions such as RNMICcolonic dilation or perforation
(Barbut and Petit, 2001 his organism isesponsible for 15 to 25% of all cases attributed to
AAD and almost all cases of PM@Bartlett, 1994) In recent years, it has emerged as one of the
leading @auses of nosocomial infections responsible for a large numli@zrdifficile associated
diarrhea outbreaks worldwid#uto et al., 2005; Pituch et al., 2011) addition,new studies
have suggested that the epidemiologZodlifficile associated diseases (CDAD) in North
America and Europe is changifgan den Berg et al., 2004; Midn&arny et al., 2005)There
is an increase in the reported severity and number of community acquired cases of CDAD
(Kuijper et al., 2006)There is also an increasetie number of cases in populations previously

believed to be at low risk of infection (i.e., young adults and chilqrin)ch, 2009)
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Most broadspectrum antimicrobials are commonly associated with CDAD most notable
of which are clindamycin, cephalosporins, ampicillin, fluoroquinolopesicillins, and
penicill i ns dastanaseinhibitaBarbuvand Petit, 200b; Mylonakis et al.,

2001) The risk of developing CDAD in humans are increased by the length of hospital stay, age
over65 years, use of broad spectrum antibiotics, and medical conditions, such as neoplastic

diseases and gastrointestinal disordBrsich, 2009)

Toxigenicity

Infections occur when the normal intestinal microbiota is altered by antibiotic therapy,
and the patient comes in contact w@hdifficile. Antibiotics eliminate competing flora in the
intestine allowingC. difficile to proliferate and to release toxins that cause mucosal damage and
inflammation(Kelly et al., 1994) There are approximately 400 straingCofdifficile; however,
only the strains that produce toxins are pathog@ana and Welsby, 2005)oxigenic strains
produce at one of two main toxins: enterotoxin (TcdA), and cytotoxin B (T@B)nik et al.,
2005) Additiond virulence factors include the production of a third toxin, called the binary toxin
(CDT) (Rupnik et al., 2005arny et al., 2006 Diagnosis of CDAD involves the detection of
toxin A or toxin B(Rupnik et al., 2005)The genes aroding toxin A and toxin B are located in
the pathogenicity locus (PaLo@upnik et al., 2005)while the binary gene encoding binary
toxin is located outside the PaL@RodriguezPalacios et al., 2006; Warny et al., 2Q0E)xin B
is more ptent than toxin A. Early studies suggested TratA was necessary for inducing
diarrhea; however, after the discovery of TcdA negative and TcdB positive strains in several

nosocomial outbreaks of CDAD, this hypothesis was rejdétéd et al., 2000)
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Sources ofC. difficile

Several researchers have suggested that animals may be a source of pathogenic strains of
this organism for humans because it has been isolated from amoinsberces along the farm
to-fork continuum.Simango and Mwakurudza, (2008platedC. difficile from broiler chickens
sold at market places in Zimbabwe and found that 292®%f 100) and 22.0% (22 of 100) of
samples from live broiler chickens and soil tested positive for this bacterium, respectively; of the
positive samples, 89.7% and 95.5% of isolates from chicken and soil carried genes for toxin A,
toxin B, or both, resgctively.RodriguezPalacios et al. (2007¢sted a amber of ground meat
samples from five grocery stores in Ontario and found that the proporteatfsamples
contaminated witlC. difficile in the study was 20% (12 of 60 samples). Furthermore, ribotyping
of isolates from these retail meat samples shasiradarities with ribotypes implicated in recent
CDAD outbreaks (i.e., PCR ribotypes 077 and OR&)driguezPalacios et al. (2006)
investigatedC. difficile PCR ribotypes in calves in Canada and found that healthy calves shed
lessC. difficile than calves suffering from diarrhea. Interestingly, 96.7% of isolates from healthy
calves were toxigenic. Major ribotypes isolated from healthy calves were type 017 and type 027.
Both these ribotypes were isolated from CDAD outbreaks throughout theyeuggesting that
food animals may be a source of transmission for this orgaRiepin etal. (2005)identified the
epidemicC. difficile variant strain responsible for the Sherbrooke outbreg§uigbedo belong
to ribotype 027. It was also demonstrated that this strain produces significantly more toxin A
than toxin B. Furthermord&eel et al. (2007nvestigated isolates from bovine, canine, equine,
swine and human origins. Most notably, ribotype 078, adeolior 94% and 83% of 33 bovine
and 144 swine isolates, respectively. At this current stage, the association etddbaile

infections (CDI) in humans and animals is still under investigation.
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Antimicrobial resistance of C. difficile

Simango and Mwakurudza, (2008und that all chicken and soil isolates were
susceptible to metronidazole, vancomycin, doxycycline, chloramphenicol, and tetracycline, and
only three quartersf the isolates were susceptible to erythromycirtrcnoxazole, and
ampicillin. The isolates were resistant to cefotaxime, ciprofloxacin, norfloxacin, and nalidixic
acid.RodriguezPalacios et al. (2006pund that all isolates from healtleglves and calves with
diarrhea were susceptiblernetronidazole and vancomycin. Some isolates were also resistant to
clindamycin and levofloxacin.

Treatment wittbroadspectrum penicillinglindamycin, cephalosporins, and
fluoroquinolones is associatedtiwincreased risk fo€CDAD (Barbut anl Petit, 2001; Mylonakis
et al., 2001; Wistrom et al., 200 oncern over increas&l difficile resistance to important
antimicrobials, including penicillin, clindamycin, cephalosporins, has (is@&mson et al., 1999;
Norén et al., 2002; Roberts et al., 201fh)New Zealand100% of 101 isolates from 97 patients
were resistant to penicilli(Roberts et al., 2011)n Sweden, the majority of isolates (45 of 53
isolates) obtained from 13 patiemtith CDAD were resistant to clindamycfiNorén et al.,

2002) Huanget al. (2009Yeported that resistance @ difficile tetracycline varied from 0% to
38.9% between countries.

The majority of CDI are treated with metronidazole or vancomywmwever,
metronidazole is the preferréaerapy due to its comparatively lower cost and vancomycin is
avoided to reduce the risk for selectionvahcomycinresistanEnterococcugVRE) (Pelaez et
al., 2002; Teasley et al., 1983) SpainPelaez et al. (2002pund 6.3% resistance to
metronidazoleand increasing intermediate resistance to vancomycin among 415 isolates

obtained from patients with CDAD infections. In Scotland, isolates were not resistant to
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metronidazole or vancomycin; however, an increase in thertti@e for vancomycin was
reportedMuto et al., 2005)In Poland, vancomycin resistance was reported in 3 of 38 isolates
(7.9%) obtained from CDAD patients using the disk diffusion me{Bwebrczyngi et al.,

1991)

STUDY RATIONALE

The prevalence, genotypes, and antimicrobial susceptibili@y perfringensn Ontario
broiler chickens are not well documented. Studies that aimed to characterize or determine the
incidence of this pathogen in the pagre limited in their sample size, and risk factor analysis.
Currently, there is a global trend to improve disease control strategies, animal welfare, and bird
production, and it is imperative to understand the characteristics of this pathogen in a
repregntative sample of the broiler chicken population. Understanding the different management
practices associated wi@ perfringensan offer insight on reducing the prevalence of this
organism in Ontario broiler chicken production. Furthermore, investgaitimicrobial
susceptibility and the pattern of antimicrobial resistance, can offer information on the

effectiveness of current antimicrobials.

Until recently,C. difficile has only been associated with nosocomial infections. Several
researchers haveggested that. difficile can be a zoonotic pathogen with potential to spread
from animals to humans. An initiative to investigate this pathogen can offer understanding on the
prevalence, characteristics, and antimicrobial susceptibility of this orgamsmgaOntario
broiler chickens, and inform the possible zoonotic risk posed blebuotiickens for CDI in

humans.
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THESIS OBJECTIVES
This thesis will focus on the epidemiology of two pathogens in Ontario broiler chicken flocks: 1)
Clostridium perfringensand 2)Clostridium difficile

Clostridium perfringen®bjectives

1. Determine the prevalence, genotypes, seasonal and geographical distribGtion of
perfringensin Ontario broiler chicken flocks.

2. Determine the use of antimicrobials in the feed and watengltine growout period,
and at the hatchery, among Ontario broiler chicken flocks.

3. ldentify biosecurity, management and antimicrobial use practices associated with the
i) presence o€. perfringensamong Ontario broiler chickens, andngtBamongC.
perfringenspositive Ontario broiler flocks.

4. Determine the antimicrobial susceptibility ©f perfringensisolates to important
antimicrobials.

5. Identify biosecurity, management and antimicrobial practices associated with
antimicrobial resistart. perfringenssolates.

Clostridium difficileobjectives

1. Determine the prevalence, genotypes, and ribotyp€sdifficile in a representative
sample of Ontario broiler chicken flocks
2. Determine the antimicrobial susceptibility ©f difficile isolates to antimicrobia of

importance to veterinary and human medicine.
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Table 1.1 Clostridium perfringensepated in avian species and mammals.

Study Year Source Host Genetic Diversity
Published
Engstromet al 2003 Sweden Broiler chicken  All 53 C. perfringenssolatesfrom healthy and diseased
layers, and poultrywere type A, witlcpb2present inwo isolates and no
farmed rhea presence of the enterotoxin gene
Nauerby et al. 2003 Denmark Broiler chicken  All 279 C. perfringenssolates obtained from healthy and
diseased chickens raised by 25 producers were type A
Heikinheimo and 2005 Finland Broiler chicken All 118 C. perfringendgsolates were type A and negative for
Korkeala the enterotoxin
Gholamiandekhordi et 2006 Belgium Broiler chicken 63 isolates from diseased and healthy chickens were type /
al. thecpb2gene was found in 4 isolates from healthyliand 8
isolates from diseased birds
Manfreda et al 2006 Italy Broiler chicken 87 of 149 caecum samples (58.4%) were positiv€for
perfringens 64 of 104 samples (61.5%) from intensive
operations, and 23 of 45 samples (51.1%) from extensive
operatios were positive fo€. perfringens
Svobodoveet al. 2007 Czech Broiler chicken  112C. perfringenssolates were type A and did not carry the
Republic enterotoxin gene; only 4 isolates carrigub?2
Keyburn et al. 2008 Australia Broiler chicken ~ ThenetBgene was identified i€. perfringengype A isolates
cattle, deep, pig, from chickens suffering from NE (14 of 18 isolates; 77.8%),
and human and 0 of 3ZC. perfringengdype A, B, C, D isolates recovered
from cattle, sheep, pigs, and humans
Chalmers eal. 2008 Canada Broiler chicken 17 isolates were type A amggative for thenterotoxin gene,
10 isolates (58.8%) carried thpb2gene
Chalmers et al. 2008 Canada Broiler chicken 46 of 61C. perfringenssolates (75.4%) were positive foetB
7 of 20healthy flocks (35.0%) and 39 of 41 diseased flocks
(95.1%) were positive fanetB Thecpb2gene was found
among isolates ohiteed from healthy flocks only (8f 20
flocks (40.0%) Another toxin was identified[ pel, from some
netBpositive isolates
De Gesare et al. 2009 Italy, Czech  Broiler chicken 18 of 23 flocks (78.3%) and 33 of 51 flocks (64.7%) raised |
Republic intensive operations were positive forperfringendn ltaly
and Czech Republic, respectively
Martin and Smyth 2009 USA Broiler chicken 92 C. perfringengsolates were recovered from chickens, ani
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Keyburn et al.

Abildgaardet al.

Slavic et al.

Timbermontet al.

Park et al.

Wade et al

To et al

2010

2010

2011

2014

2015

2016

2017

Australia,
Denmark,
Canadaand
Belgium
Denmark

Canada

Belgium,
Denmark

Korea

Australig
Canada,
USA,
Belgium,
Denmark,
Italy, and UK
Japan

and cattle

Broiler chicken

Broiler chicken

Bovine, chicken,
porcine, and
turkey

Broiler chicken

Broiler chicken
Chicken, turkeys,

human, goat,
cattle, and pig

Broiler chicken

14 isolates were recovered from cattle. @ngerfringens
isolaterecovered from the liver of aydearold cow with liver
abscesses and enteritis was positiven&iB Fifteen ischtes

of 104 isolates wereetBpositive (14.4%), 39 isolates were
cpb2positive (37.5%), and 2 isolates (1.9%) wepepositive
ThenetBgene was detected in 31 of 44 (70.5%) @&l of 55
(3.6%) ofC. perfringenssolates from diseased and healthy
chickens, respectively. ThpeLgene was detected in four of
44 (9.1%) isolatengtBpositive) from diseasechickens

13 of 25 isolate$52.0%) and 14 of 23 isolates (60.9%) from
diseased and healthy chickens were positiveéti
respectively

All 275 isolates wer€. perfringendype A except for one type
D sample collect# from a turkey. Thepb2gene was present
in 88% of the chicken isolates.

10 of 50 isolates (20%) were positive for perfrifNine netB
positive isolates from chickens with NE andétB-positive
isolate from a healthy chicken were positive for perfrin.
Perfrin, a novel bacteriocin, might be an additional virulent
factor for NE in broiler chickens

8 of 17 isolates (47.0%) from diseased chickens, and 2 of £
isolates (49%) from healthy chickens carried thetBgene.
The ollagen adherence locus (firsté genes of the VRLO B
locus)is involved in adherence to specific types of collagen,
and the ability to cause disease

90% ofC. perfringenchallenged birds (9 of 10) and 12.5% ¢
control birds (1 of 8) showed gross necrotic lesibietB
positiveC. perfringensisolates from NE outbrealhavethe
ability to induce NE experimentally
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Table 1.2. Antimicrobials and artoccidials used to prevent and treat necrotic enteritis and coccidioisis in broiler chickens.

Label name

Active ingredients

Treatmenbf Necrotic enteritis

Lincomycin soluble powder
Tylan
Tylosin soluble powder

Lincomycin hydrochloride
Tylosin phosphate
Tylosin tartrate

Prevention of necrotic enteritis

Bacitracin MD

Bacitracin methylene disalicylate

Monteban Narasin

Penicillin Gpotassium Penicillin G potassium
Potpen Penicillin G potassium
Stafac Virginiamycin

Surmax 100 Avilamycin
Anti-coccidials

Coxistac Salinomycin

Coyden Clopidol

Cygro Maduramicin ammonium
Deccox Decoquinate

Maxiban Narasin/nicarbazin
Monteban Narasin

Nicarb Nicarbazin

Robenz Robenidine hydrochloride
Rumensin Monensin

Sacox Salinomycin

Zoamix Zoalene

(Compendium of veterinary product€anadian edition1989)
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Table 1.3. Drug categorization according to the DIWHOP, and Canadiahdrug classification systems

Antimicrobial Class

Example of drugs

Drug
categolization
according to the
OIE

Drug
categorization
according to the
WHO

Canadian drug
categorization

Amphenicols Chloramphenicol HI
Cephalosporins™generation Cefotetan VHIA HI Category I

Cefoxitin
Cephalosporins™generation Ceftiofur VCIA Cl Category |
Chemicals 3-nitro

Nicarbazin

Zoalene

Clopidol

Decoquinate

Robenidine hydrochloride
Fluoroquinolones Enrofloxacin VCIA Cl Category |
Glycopeptide Vancomycin Cl Category |
lonophores Monensin (monovalent) Cate@ry IV

Narasin/nicarbazin

Narasin (monovalent)

Salinomycin (monovalent)t
Lincosamides Clindamycin VHIA HI Category Il
Macrolides Erythromycin VCIA Cl Category Il

Tylosin
Nitroimidazole Metronidazole I Category |
Phenicols Florfenicol VCIA Cl Category Il
Penicillins (betdactamase inhibitor  Piperacillin/tazobactam VCIA Cl Category |
combinations)

Ampicilllin/sulbactam

Amoxicillin/clavulanic acid
Penicillins Piperacillin VCIA Cl Category I

Ampicillin

Mezlocillin

Imipenem
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Meropenem

Penicillin
Polypeptides Bacitracin VHIA | Category Il
Streptogramins Virginiamycin VIA HI Category I
Sulfonamides Trimethoprim + silfadiazine VCIA HI Category Il
Pyrimethamine/Sulfaquinoxaline VCIA HI Categonyll
Sulfamethazine
Antimicrobial Class Example of drugs Drug Drug Canadian drug

categorization
according to the
OIE

categorization
according to the
WHO

categorization

Amphenicols Chloramphenicol HI
Cephalosporins™generation Cefotetan VHIA HI Category I
Cefoxitin
Cephalosporins™generation Ceftiofur VCIA Cl Category |
Chemicals 3-nitro
Nicarbazin
Zoalene
Clopidol
Decoquinate
Robenidine hydrochloride
Fluoroquinolones Enrofloxacin VCIA Cl Category |
Glycopeptide Vancomycin Cl Category |
lonophores Monensin (monovalent) Category IV
Narasin/nicarbazin
Narasin (monovalent)
Salinomycin (monovalent)t
Lincosamides Clindamycin VHIA HI Category I
Macrolides Erythromycin VCIA Cl Category I
Tylosin
Nitroimidazole Metronidazole I Category |
Phenicols Florfenicol VCIA Cl Category Il
Penicillins (betdactamase inhibitor  Piperacillin/tazobactam VCIA Cl Category |

combinations)

Ampicilllin/sulbactam
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Amoxicillin/clavulanic acid

Penicillins Piperacillin VCIA Cl Category Il
Ampicillin
Mezlocillin
Imipenem
Meropenem
Penicillin
Polypeptides Bacitracin VHIA I Category Il
Streptogramins Virginiamycin VIA HI Category I
Sulfonamides Trimethoprim + slfadiazine VCIA HI Category Il
Pyrimethamine/Sulfaquinoxaline VCIA HI Category Il
Sulfamethazine
Tetracyclines Tetracycline VCIA HI Category Il

Oxytetracycline

@ Drug categorization according to théorld Organisation for Animal Health: VCIA weterinary critically important antimicrobials; VHIA = veterinary highly
important antimicrobials; VIA = veterinary important antimicrobials

® Drug categorization according to tiéorld Health Organization drug classification system: CI = Critically ingstrantimicrobials; HI = Highly important
antimicrobials; | = Important antimicrobials

° Drug categorization according to t@anadian drug classification system: categoryéry high importance; category llsgh importance, category Il =
medium impotance; category IV = low importance

Grey shade indicates that the drug was not classified according to the corresponding antimicrobial drug classification system
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ABSTRACT

Clostridium perfringenss responsible for necrotic enterjten economically significant
disease that occurs in broiler chickens. The baseline prevalence, and geographical and seasonal
distribution of this pathogen among Ontario broiler chicken flocks is unknown, and information
on the prevalence of the presumablylent netBgene among isolates is scarce. The objectives
of this study were to determine tfwlowing: 1) prevalence and genotypesfperfringensn a
representative sample of commercial broiler chicken flocks in Ontario; 2) association between
cpk2 andnetBin C. perfringensisolates; and 3) the prevalence and associati@h pérfringens
positive anchetBpositive flocks with broiler district and season during giaw. Samples (five
pooled caecal swabs from 15 birds per flock from 231 flocksg weaerobically cultured f@2.
perfringensusing standard techniques. Isolates were genotyped peliyimerase chain reaction
(PCR) and reatime PCR.Choropleth maps were used to illustrate the geographical distribution
of the pathogerlJnivariablemixed and ordinaryogistic regression models were used to identify

associations.

Clostridium perfringensvas isolated frequently (78.4%; 95% CI: 73.0 to 83.7%). All
isolates were type A, except for one type E isolate.netBgene was deteetl in 71 of 231
flocks (30.7%95% CI. 24.7 to 36.7%) and in 169 of 629 isolates (26.9%; 95% CI: 23.4 to
30.3%). Thecpb2gene was identified in 533 of 629 isolates (84.7%; 95% CI: 81.9 to 87.6%).
None of the isolates carried the enterotoxin gene netiBgenewas more kely to be present in
isolates withcpb2(OR = 12.86, 95% CI: 3.43 to 48.18, p = 0.001) than in isolates witipda2
The flocklevel prevalence of. perfringensandC. perfringensnetBper broiler district ranged
from 55.6 to 95.0% and 28.6 to 60.0%spectively. District did not significantly explain the

overall variation in the prevalence ©f perfringengp = 0.071) anchetB(p = 0.499). The
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prevalence o€. perfringensaandnetBpositiveflocks per season ranged from 70.8% (winter) to
85.5% (summerand 30.5% (summer) to 52.9% (winter), respectively. Season alone did not

significantly explain the overall variation 6f perfringengp = 0.277) anchetB(p = 0.173).

Understanding o€. perfringenswill assist the broiler chicken industry in developing
strategies to prevent diseases of concern (i.e., necrotic enteritis), and assess change in the

molecular characteristics of this pathogen over time.

Key Words: flock-level prevalencenetB cpb2 choropleth map; necrotic enteritis
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INTRODUCTION

It is widely accepted thatlostridium perfringenss an important enteric pathogen of humans
and domestic anima($onger, 1996)in poultry,C. perfringenss the causative agent of necrotic
enteritis(NE), an economically significant disease of broiler chickens two to five weeks of age
(Kahn and Line, 2005)The daily flock mortality rate of a NE outbreak can be approximately
one percent per day for several consgeutiays(Helmboldt and Bryant, 1971)f left untreated,
the disease can potentially cause mortality of UgO8 in the infected flockKahn and Line,
2005) Clinical signs of infection include depression, dehydration, ruffled feathers, diarrhea, and
sudden death, whereas subclinical signs include reduced growth rate and impaired feed
consumptior(Kahn and Line, 2005)

Clostridium perfringenss a Gram positive, anaerobic, redaped, nomotile, and spore
forming bacterium that is ubiquitous in natugdostridium perfringenstrains are categorized
into five types (A, B, C, D, and E) based on
U, a(®odgerslp96) Type A strains produce U toxin, ty
toxins, type C strains produce U and b toxins
strains produce U and serotoxinSonyer, 199¢Whichcany pes c an
cause severe gastrointestinal diseases and food poisoning in {iMc@tane, 2001)and the
b2 t(MarysenGibert et al., 1997fFurthermoreKeyburn et al. (2008discovered a toxih
NetBd produced byC. perfringenstype A strains from broiler chickens suffering from NE.
Subsequent studies foundtBamong isolates obtained from diseased and healthy broiler
chickens, and cattle th liver abscessd€halmers et al., 2008a; Martin and Smyth, 2009)

Since its discovery, thepb2gene has been isodal from healthy and diseased avian

species, horseand piggCrespo et al., 20QTLebrun et al., 2007; Manteca et al., 2002
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Bacciarini et al., 2003)and itsl32 toxin has been associated with entdhesses in piglets,
horses, and she¢Bacciarini et al., 2003; Waters et al., 20G&rmory et al., 200(¢erholz et

al., 1999. Necrotic enteritis has not been associated witl3gtexin in broiler chickengCrespo
et al., 2007a; Gholamiandekhordi et al., 2Q0@®wever jts role in intestinal diseases in animals
is still under discussiofFranca et al., 2016; Asten et al., 2008)2007, a study in the
Netherlands suggested that the presen€z pérfringenswith atypicalcpb2might be associated
with subclinical NE in laying hen@llaart et al., 2012)

Although there are studies that have investigated the genetic diverSitp@ifringensn
broiler chickens in Ontari@Chalmers et al., 2008a, 2008hpne have estimated the prevalence,
genotypes, and seasonal or geographical distribution at the population level. The objectives of
this study were to determine tf@lowing: 1) prevalence and genotypestiperfringensin a
representative sample of commercial broiler chicken flocks in Ontario; 2) association between
cpb2andnetBin C. perfringensisolates; and 3) the prevalence and associati@h pérfringens
positive anchetBpositive flocks with broiler idtrict and season during greout. Knowledge of
the prevalence, genotypes, and geographical and seasonal distribution of this pathogen in the
Ontario broiler populatiorouldassist the industry in understanding the dynamics of this
organism, which will B useful for developing strategies to implement effective disease control

programs.

MATERIALS AND METHODS

Study design and sampling frame
Data were collected as part of the Enhanced Surveillance P(efgRe)between July
2010 and January 2012. The ESR largescale crossectional study that aims to determine the

prevalence of 13 pathogens of importance to the Ontario poultry industry, and to identify
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biosecurity and management practices associated with the presence of these pathogens. The
sampling frane included all quot&olding broiler producers contracted with six major
processing plants in Ontario (five federal an
broiler processing. Flocks originating from Québec were excluded. A total of 231 flecks w

enrolled from the targeted 240 flocks.

Sample size
The sample size of 240 flocks was based on identifiygkgfactors for all 13 pathogens
under investigation in the ES8%% confidence, 80% power, and an estimated difference of 20%

between th@ropotions of exposed and unexposed flocks with an estimated baseline prevalence
of 20% were used in the calculatiokn approximate formula af — was used to determine

the number of birds to sample per flock; a conservative 15% wititk prevalence estimate
(which was deemed sufficient to detect all pathogens under investigation in the ESP) and 90%
confidence were used in the calculation. To ensure variability in the data, only one flock was

enrolled per farm.

Sampling approach
Flock enromentinvolved creating a visiting schedule for the processing plants every 4
weeks; the number of visits per plantpen4 e k peri od was proportional
share of broiler processing in Ontario. The days on which each plant was visiéedngomly
assigned to the-deek schedule. In collaboration with the Chicken Farmers of Or{GFO), a
non-profit organization representing Ontario chicken farmers, a list of names of producers

processing at least one flock corresponding to each saygaynwas made available to the
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research team. For each sampling day, a flock was randomly selected from the list and the
corresponding producer was telephoned and invited to participate in the project.

After recruitment, the slaughter time, number of §jrahd the number of trucks used for
shipping each selected flock were made available by the processing plantsailaAs the
processing plants, 15 whole intestines were conveniealligcted per flock from the
evisceration line. The intestines wetaged in Ziploc (S.C. Johnson & Son, Racine, WI) or
Whirlpak (Nasco, Fort Atkinson, WI) bags and transported over ice to the laboratory for further
processing. One caecum from each intestine was incised using scissors that had been autoclaved
between flock. Sterile cotton swabs were used to collect the internal contents of the caeca. One
swab was used to collect contents from one caecum from each of three consecutive intestines to
create a pooled sample; in total, five pools of three caecal swabs pergredbken (for a
maximum of five samples per flock) and submitted to the Animal Health Labofétdty) for
testing (described below). On average, two to three days following sample collection, producers
were interviewed faceo-face and data were collect on flock characteristics (e.g., age at
shipment and breed), diseases during gooty barn management, and biosecurity protocols for
the flock of interest. Furthermore, the processing plants provided condemnation reports, which

included the average wéigof birds per truck and number of birds per flock.

Probability sampling

Each stage of sample collection used a formal randomization process, with intestine
selection at the plants being the exception. Minitab 14 statistical software (Minitab Inc., State
College, PA) was the program used to generate-thieek schedules (i.e., to randomly assign
the days on which each plant was visited). Blindly drawing numbered coins was the method used

to select flocks from the daily lists provided by the plants. Ittiveesponding producer declined
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participation, or had already participated in the ESP, another flock was selected randomly using
the same method. The number of intestines collected per truckload of birds was evenly
distributed among the trucks to ensuratttamples were representative of the flock. In situations
in which a whole number was not possible, drawing numbered coins was the method used to
select the truck(s) from which the ext@ampled intestines weoellected. Per truckload of birds,

the intesines were conveniently selected from the evisceration line; the sample collection was

spread out as evenly as possible.

Bacterial culture and genotyping

Bacterial culture and genotyping testing were conducted at the AHL as described by
Chalmers et al., (2008aBriefly, caecal contents were collected using BD ESwaeston
Dickinson Microbiology Systems, Sparks, MEach specimen was placed onto Shahidi
Ferguson perfringens selective medium pl&teston Dickinson Microbiology Systems, Sparks,
MD) and incubated anaerobically at 37°C for 28hastridium perfringensvere identified by
inverse CAMP reaction. Multiplegolymerase chain reactiqgfCR)was used t o i dent|
9, enter ot ox itimePCRwak ude®to ideatifetB(Chainzels et al., 2@a).

A flock was defined a€. perfringengpositive(Cp+t) if the bacterium was cultured from
O 1 of 5 pool e@.pefingenimégatisedpd)if the mcteriwwnrwas not
cultured from any of the pooled samples. Ept flocks, a flock was defined & perfringens
positivenetBpositive(Cp+/netB+) if at least one isolate tested positive fietB or C.

perfringenspositivednetBnegative(Cpt+/netB-) if none of the isolates tested positive fetB

Data analysis
Laboratory results were received from the AHL in PDF format and manually entered into

Excel 2007 (Microsoft Corporation, Redmond, WA). A second team member validated the

66



accuracy of the data. Data were imported into STATA IC 13 (Stata Corporation, College Station,
TX) for statistical analysis. The prevalenceQgt+ among flocks, and the preeakce ofnetBand
cpb2among flocks and in isolates, was estimated usingribygortion estimationcommand with
95% confidence interval€(s).

A univariable logistic regression model with a random intercept for flock was used to
determine the associatioetiveen the presence @fb2and the presence o&tBin C.

perfringengsolates. The proportion of variation at the fldekel was estimated using the latent

variable approach

in which,, was the flocklevel variance ane~was the fixed error

variance at the sample le&ohoo et al., 2009)The normality of the Best Linear Unbiased
predictiong BLUPS) was examined using a normal quantile plot and a histogram. The
homoscedasticitgf the BLUPS was examined using a scatter plohefpredicated outcome
against the BLUPS

Choropleth maps were created using ArcGIS 10 (ESRI, Redlands, CA) to visualize the
geographic distribution df. perfringensin Ontario. The CFO provided the research team with
the geographic coordinates (pol whitltbpame dat a) of
administrative areas related to the control and regulation of the production and marketing of
chicken in Ontario (i.e., supply management). The district from which each flock originated was
recorded. The proportion of flocks sampled per distvers determined by dividing the number
of flocks sampled in each district by the total number of flocks sampled in the study. The
geographical distribution &p+ andCp+/netB+ acr oss Ontari obs broiler
as follows: 1) by estimatindné proportion ofCp+ flocks among the total number of flocks tested

for C. perfringens per district; and 2) by estimating the proportiorCpf-/netBt+ flocks among
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the Cp+ flocks, per district. The prevalence estimate for each district was assignedfdivae
groups using Jenkso6s optimization to partitio

To test for spatiatlusters, the centroid of each district was extracted using R.14.0 (R
Development Core Team, 201 Epatialclusters ofa high proportion o€. perfringensand
netBpositive flocks were detected using Satscan v9.4.1 (Trademark of Martin Kullidorf, 2015)
with aBernoulli model The maximunscanning windowvas 50% of the flock population.

Clusters not overlapping in space were reporteduster was significardat p < 0.05.

Ordinary univariable logistic regression was used to determine the relationship between
the prevalence df. perfringens(andCp+/netBt+) and broiler district. Two separate models were
built: 1) using theC. perfringensstatus of the flockGpt+ vs.Cp-) as the dependent variable; and
2) using thenetBstatus of the flock among ti@&gp+ flocks Cp+/netBt+ vs.Cpt+/netB) as the
dependent variable.

Ordinary univariable logistic regression was used to determine the relationship between
the prevalencef Cpt+ (andCpt/netBt) and season. Fall was defined as September 21 to
December 20, winter as December 21 to March 20, spring as March 21 to June 20, and summer
as June 21 to September 20. The date on which the flock was at theintidf its growout
period was used to assign the flock to a season. Theaond of the growout period was
determined by dividing the age at shipment by two and subtracting the calculated number of days
from the date of processing. Two separate models were built for sesiegrthe same approach
that was used for district. For each model, winter was selected as the referent category for
season. Pairwise comparisons among all seasons were investigated usingasedeontrasts.

A significance level of 5% was used to asdhssstatistical significance of models and

coefficients for each variable.
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RESULTS

Flock characteristics.Our study population consisted of 231 commercial broiler chicken
flocks raised in Ontario. Floelevel data were collected for 227 of 231 flocks 898) because
four producers did not participate in the interview. The majority of the flocks (98.2%) were
raised in an alln-all-out production replacement system, which means that each flock had only
one age group of birds at one time, and all the bilel® wrocessed at one time. The median age
of the flocks at the time of shipping was 38.1 day$range: 31 to 53 days]. The majority of the
flocks were mixed sex (71.7%); the remaining flocks were pullets (16.8%) or cockerels (11.5%).
The median flock sizat chick placement was 25,092 bidls[range: 7,242 104,040 birds].
The mean flock mortality due to disease and/or culling was 8.5F&ange: 0.3 to 12.7%]. The
mean weight of flocks at processing was 2.3kdrange: 1.7 to 3.1 kq].

Six of 227 flocks 2.6%; 95% CI: 1.2 to 5.8%) were diagnosed with NE during gvatv
by a veterinariany of 6;83.3%) or a sales representative{B; 16.7%)(Table 2.1); two of the
six flocks (33.3%) diagnosed with NE were diagnosed witksgherichiacoli infection dumg
the same timgeriod; the majority of flocks with NE were diagnosed in the winter (66.7%).
Flock mortality for the six flocks with NE ranged from 3.5 to 6.®4e to the low prevalence of
NE, NE was not investigated furth&our of 227 flocks (1.8%;3% CI: 0.7 to 4.6%) were
diagnosed with coccidioslsy a veterinariaifTable 2.1). The majority of flocks with coccidiosis
were diagnosed in the summer (). One flock was diagnosed witliclusion body hepatitis
during the same timperiod. Flock mortdty for the four flocks diagnosed with coccidiosis
ranged from 3.1 to 6.4%.

Flock prevalence and genotypes d. perfringens Laboratory data were available for

231 flocks.Clostridium perfringensvas isolated from 181 of 231 flocks (78.4%; 95% CI: 73.0
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t0 83.7%). All isolates were type A, except for one type E isolate. The enterotoxin gene was not
detected in any of the isolates. The number of positive samples out of five pooled samples per
flock was 0 (50 flocks), 1 (23 flocks), 2 (28 flocks), 3 (34 flegkt (32 flocks), or 5 (64 flocks).

Genotyping was conducted on 629 isolates. M@tBgene was identified in 71 of 231
flocks (30.7%; 95% CI: 24.7 to 36.7%) and 169 of €29erfringenssolates (26.9%; 95% CI:
23.4 t0 30.3%). ThaetBgene was detected three of six flocks (50.0%; 95% CI: 9.1 to 90.9%)
diagnosed with NE, and in six of 15 isolates (40.0%; 17.1 to 68.2%) obtained from flocks
diagnosed with NE. Thepb2gene was detected in 143 of 231 flocks (61.9%; 95% CI: 55.6 to
68.2%) and 533 of 628olates (84.7%; 95% CI: 81.9 to 87.6%). Seventy of 231 flocks (30.3%;
95% CI: 24.7 to 36.6%) and 155 of 629 isolates (24.6%; 95% CI: 21.4 to 28.2%) were positive
for cpb2andnetB

Association betweercpb2and netB. The odds ohetBpresence among isolatavith
cpb2were higher in comparison to isolates withopp2( OR = 12. 9, 95% CI :
0.001). A high intreclass correlation coefficient of 0.66 suggested that isolates from the same
flock were more similar than isolates from different flackee BLUPs of flockevel residuals
met the homogeneityf variance assumptiohpwever, the normality assumption was not met.

Associations betweerC. perfringensand district. The proportion of flocks sampled per
district ranged from 11.9 to 26.9%4dble 2.2). The prevalence &@p+ flocks per broiler district
ranged from 55.6% (district 6) to 95.0% (district(E)gure 2.1). District alone did not
significantly explain the overall variation in the prevalenc€pf flocks (p = 0.071). Although
district was not significant overall, the odds ratio was lower in district 3 (OR = 0.10, p = 0.033)
and district 6 (OR = 0.07, p = 0.026) compared to distr{@table 2.3). AmongCp+ flocks, the

prevalence o€pt+/netBt+ flocks per broiler district ranged from 28.6%stricts 2 and 4) to
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60.0% (district 6)Figure 2.2 andTable 2.2). District alone did not significantly explain the
overall variation in the prevalence étB(p = 0.499)Table 2.3).

One highrisk spatial clustewas detected fo€. perfringensflocks; however, it was not
significant (p = 0.570). The highsk area included districts 1, 5, 6, 7, and 9. Two gk
spatial clustewere detected fanetBflocks; one highkrisk area included district 1, and was not
significant (p = 0.179), and one higisk area included district 2, and was not significant (p =
0.371).

Associations betweerC. perfringensand season of growout. The prevalence c@p+
flocks per season ranged from 70.8% (winter) to 85.5% (sun{ifed)e 2.4). Season alone did
not significanly explain the overall variation in the prevalenceCpi+ flocks (p = 0.277);
however, the odds ratio was higher in the summer (OR = 2.43, p = 0.057) compared to the winter
(Table 2.5). AmongCpt flocks, the prevalence @pt+/netBt+ flocks per season rangédm
30.5% (summer) to 52.9% (wintgfable 2.4). Season alone did not significantly explain the
overall variation in the flockevel prevalence afietB(p = 0.173); however, the odds ratio was

lower in the summer (OR = 0.39, p = 0.034) compared to thiew(Table 2.5).

DISCUSSION

Our objective was to estimate the prevalenc€.gferfringensamong a representative
sample of commercial broiler chicken flocks in Onta@itostridiumperfringenswas isolated
frequently (78.4% of flocks), and our estimee€omparable to prevalence estimates reported in
similar, smalscale observational studies conducted in Italy (78.2 to 91.3%) and the Czech
Republic (64.7 to 73.9%) among broiler chickens raised on intensive farming opef@gons

Cesare etlg 2009; Manfreda et al., 2006; Svobodova et al., 2007)
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We recognize that our prevalence estimat€.qferfringenss not synonymous with the
occurrence of disease, and therefore, our findings do not offer a perspective on the natural
history of NE.Clostridium perfringensype A is a ubiquitous organism and therefore, our
finding was not unexpected. Birds are exposed.foerfringenshrough theecaloral route
(Songer ad Meer, 1996)Potential sources of infection include contaminated feed, dust, or litter,
insects, including darkling beetles and flies, staff footwear, dirt from barn entrance area, stagnant
water outside the barn, and wildlgbedding feces outsideetbarn(Craven et al., 2001, 2000;
Songer, 1996)Diet and the use of antimicrobials can influence #msiptence o€. perfringens
in chickengDibner and Richards, 2005; Prescott et al., 2016; Stutz and Lawton, 1984)

All recoveredC. perfringenssolates were type A, except one, which was type E. The
majority of isolates were also carryiogb2 Our findings are comparable to studies
characterizingC. perfringenssolates obtained from broiler chickens in Ontg@halmers et al.,
2008a; Slavic et al., 2011 arly epidemiological studies linkegpb2to NE occurrences;
however, recent evidence suggests that isolatescpitPoccur more frequently in healthy than
diseased birds(Crespo et al., 2007bTherefore, the high percentagecpb2positive isolates
was not unexpected given that birds at the time of progessere presumed healthy. Although a
significant association was found between the presengeb@andnetB the clinical
significance of this finding is not yet known.

The enterotoxin gene, which is responsible for food poisoning in humans and enteric
disease in dogs, horses, and figsnger, 1996)was not detected in any of the isolates. Our
finding was not unexpeetl given that this gene is rarely isolated from broiler chicken samples
(Chalmers et al., 2008a, 2008b; Engstrom et al., 2003; Gholamiandekhordi et al., 2006;

Manfreda et al., 2006 he enterotoxin gene has been detected in low proportions of isolates
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obtained from broiler chicken by DNA hybridization in Swilaad (12.8%) and PCR in
Belgium (5.7%) Gholamiandekhordi et al., 2006; Tschirdewahn et al., 1988n experimental
study, the enterotoxin was detected from isolates in 20% of birds using reversed phase
agglutination(Craven et al., 1999)

ThenetBgene was found in a moderate number of isolates and flocksieflBgene was
not found in all isolates obtained from flocks diagnoseti WiE during growout. Our findings
are comparable to several studies that found a low proportiogt®in C. perfringenssolates
obtainedfrom healthy broiler chicken&halmers et al., 2008a; Johansson et al., 2010; Keyburn
et al., 20102008; Martin and Smyth, 2009 Australia,Keyburn et al. (2008)iscoverecetB
in 77.8% ofC. perfringenssolates recovered from chickens with NE and in 0 o€32
perfringengsolates recovered from nd¥E souces (i.e., cattle, sheep, pigs, and humdns).
CanadaChalmers et al. (2008aampled 18 Ontario flocks at processiagd found a higher
proportion ofC. perfringensnetBisolates obtained from sick or dead chickens diagnosed with
NE (951%) in comparison to healthy chickens (35.0%). In the United Stdeesin and Smyth
(2009)sampled 31 farms, and found a higher proportiometBamong isolas from diseased
birds (58.3%) than ihealthy birds (8.8%{Martin and Smyth, 2009)n Sweden, Johansson et
al. (2010) sampled a single commercial broiler chicken flock affected by mild NE, and found
netBin 91.2% of isolates that originated from chickens with NE operfringensassociated
hepatic changedPH) lesions, and 69.6% of isolates that originated from chickens without NE
or CPH lesiongJohansson et al., 201®eyburn et al. (2010investigated the prevalence of
netBamong isolates obtained from chickens with NE and healthy chicken8&tgium,
Denmark, Australia, and Canada. In that stueyBwas found in a higher proportion amo@g

perfringenssolates obtained from diseasehickens (70.5%) compared to healthy chickens
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(3.6%)(Keyburn et al., 2010)n contrastAbildgaard et al. (201(pund that the prevalence of
netBamongC. perfringenssolates obtained from Danish healthy chickens (60.9%) were higher
in comparison to diseased chickens (52.0%), a finding that might be attributed to the small
sample size of the stud@lostridium perfringenssolateswith netBobtained from healthy birds
have the ability to initiate NE as demonstrated by disease challenge models conducted in
Australia and the United Stat@seyburn et al., 2010, 2008; Joan A Smyth and Mari0b)

The flocklevel prevalence of. perfringensandC. perfringensnetB ranged from 55.6
to 95. 0% and 28.6 to 60.0% across Ontariods
flocks resulted in excellent proportional representation diraller districts in OntarigEregae,
2014) District was not a significant predictor of the prevalenc€.gferfringensor C.
perfringensnetB However, the variation in the geographical distributio@ gberfringens
positive flocks between districts could be due to localized differences in populations of insects,
wild birds, or wildlife(Craven et al., 1999; Davies and Wray, 199&) our knowledge, this &
the first study to explore the association betw€eperfringensandC. perfringensnetBpositive
flocks with geographical location.

The prevalence . perfringensandC. perfringensnetBflocks per season ranged from
70.8% (winter) to 85.5% (summeaahd 30.5% (summer) to 52.9% (winter), respectively. Season
was not a significant predictor of the prevalenc€ gberfringensor C. perfringensnetB
however, the odds ratios 6f perfringenswerehigher in the summer compared to the winter,
and the odsl ratios onetBwere higher in the winter compared to the summer. Our finding is
comparable to a study on the prevalenc€.gferfringensamong broiler chickens throughout an
integrated farnmg system in the United States theported a higher prevalemofC.

perfringensrecovered fronfecal samples in the spring and summer compared to the fall and
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winter (Craven et al., 2001)n that study, isolates were not genotypedn@tBis considered to
be an important virulence factor in the pathogenesis ofJd&n A Smyth and Martin, 2010b)
our findings support studies conducted in Norway and the United Kingdom, in which
significantly higher frequenciesf NE were reported during October to March than April to
SeptembefHermans and Morgan, 2007; M Kaldhusdal and Skjerve, 1996pntrast,
however, a review of the prevalence of NE in Ontario between 1969 and 1971 showed that
flocks were moreommonly diagnosed with NE in July, August, September, and October
compared to other montiilsong, 1973)

This study has provided information tive baseline prevalence, genotypes, and
geographical and seasonal distributiorCoperfringensn a representative sample of

commercial broiler chsken flocks in Ontario at processing. The flock sensitivity in our study

was maximized with pooled samples in conjunction with the low number of samples required to

classify a flock as pmmbertofflocks intludedethis @y 1 o f
contributed to itdigh statistical power relative to other studidhough a few studies have
been conducted to establish the roleetBin the pathogenesis of NE, to our knowledge, this
study offers the first estimate of the prevalenceaiBat the population level. Further
investigations on risk factors associated with prevalen: pérfringensandC. perfringens

netBare warranted.
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Table 2.1The rumber of withinflock C. perfringengositive samples and number of isolates wigkBandcpb2obtained from
commercial broiler chicken flocks in Ontario, Canada diagnosed witbtieenteritis [NE] or coccidiosis during gresut between

July 2010 and January 2012 in a study of 227 randomly sampled flocks.

Flock ID No. of Cp+ Samples’ No. (%) of netB+ Isolates” No. (%) of cpb2+ Isolates® Flock Mortality ¢ District ©  Seasorl

a) Flocks diagnosed with NE (n = 6)

34 5 1 (20) 5 (100) 6.9 6 Summer
80 2 2 (100) 2 (100) 35 7 Winter"
104 0 0 0 5.2 3 Winter
221 2 0 2 (100) 6.7 7 Fall'

228 4 3 (75) 2 (50) 3.5 2 Winter
231 2 0 2 (100) 5.7 8 Winter

b) Flocks diagnosed with coccidiosis (n = 4)

8 4 4 4 3.1 7 Summer
39 5 0 5 NA 3 Summer
105 4 1 3 6.4 3 Winter

171 3 0 3 3.8 7 Summer

#Number ofC. perfringengositive Cp+) samples out of 5 pooled caecal samples per flock.

® Number (and proportion) afetBpositive isolates out dp+ isolates per flock.

“Number (and proportion) afpb2positive isolates out dEp+ isolates per flock.

4 Proportion of flock mortality includes mortality due to disease(s) and culfidghe 2% extra chicks provided by the ¢taery.

®Districts are geographical regions partitioned for administrative purposes by the Chicken Farmers of Ontapoofit noganization representing chicken
farms in Ontario. District & Bruce, Dufferin, Grey, Peel, Simcoe, Sudbury, and York ttesnDistrict 20 Huron; District 360 Elgin, Essex, Kent, Lambton,
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Middlesex, and Oxford.; Districtd@ HaldimanrNorforlk, Niagara (PelhmarWainfleet); District 50 Niagara; District @ Brant, Halton, Hamilton
Wentworth; District 7 Wellington; Distridc 8 Perth, Waterloo; District 8 Durham, Glengarry, Lennox & Addington, Northnumberland, Ott&ageton,
Peterborough, Prescott, Prince Edward, Renfew, Stormont, Victoria.

"The date on which the flock was at the #pimint of its growout period was sl to assign the flock to a season. The-puiht of the growout period was
determined by dividing the age at shipment by two and subtracting the calculated number of days from the date of processing.

9 Summer Period from June 21 to September 20.

" Winter- Period from December 21 to March 20.

' Fall- Period from September 21 to December 20.

NA- not available
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Table2.2. The prevalence @lostridium perfringenandC. perfringensetBpositive flocks per broiler district, among commercial

broiler chickerflocks sampled at processing between July 2010 and January 2012 in Ontario, Canada (n = 231 flocks).

District? No. of Farms No. of Flocks No. of Cp+ No. of % (95% ClI) of % (95% ClI) of % (95% ClI) of
Per District in Sampled Flocks” Cpt/netB+ Flocks Sampled Cpt+ Flocks Cpt/netB+
Ontario Flocks*® Per District ¢ Among All Flocks Among
Flocks Tested®  Cp+ Flocks'
1 99 20 19 6 20.2 (13.3,29.4) 95.0(70.5,99.3) 31.6 (14.5,55.7)
2 145 39 35 10 26.9 (20.2,34.8) 89.7 (75.3,96.2) 28.6 (15.9, 45.8)
3 186 44 29 13 23.7 (18.0, 30.4) 65.9 (50.6, 78.5) 44.8 (27.7, 63.2)
4 99 19 14 4 19.2 (12.5,28.3) 73.7 (49.4,88.9) 28.6 (10.6, 57.3)
5 126 15 11 5 11.9(7.3,18.9) 73.3(45.5,90.0) 45.5(19.2,74.5)
6 55 9 5 3 16.4 (8.6,29.0) 55.6(23.5,83.5) 60.0(16.7,918
7 157 30 24 13 19.1(13.6,26.1) 80.0(61.6,90.9) 54.2(34.1, 73.0)
8 146 34 27 9 23.3(17.1,30.9) 79.4 (62.3,90.0) 33.3(18.0,53.2)
9 106 21 17 8 19.8 (13.2,28.6) 81.0(58.1,92.9) 47.1(24.9, 70.5)

@Districts are geographical regions partial for administrative purposes by the Chicken Farmers of Ontario;@rofinorganization representing chicken
farms in Ontario. District ® Bruce, Dufferin, Grey, Peel, Simcoe, Sudbury, and York counties; DistfictHron; District 30 Elgin, EssexKent, Lambton,
Middlesex, and Oxford.; Districtd HaldimanNorforlk, Niagara (PelhmarWainfleet); District 50 Niagara; District & Brant, Halton, Hamilton
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Wentworth; District 7 Wellington; District 80 Perth, Waterloo; District & Durham, Glengay, Lennox & Addington, Northnumberland, Ottax@arleton,

Peterborough, Prescott, Prince Edward, Renfew, Stormont, Victoria.

® A flock was defined a€. perfringenspositve Cp+ ) i f the bacterium was cultured from O 1 of 5 pool
° A flock was defined a€. perfringenspositivehetBpositive Cp+/netBt) if at least one isolate tested positive rietB

4The proportion and 95% confidence interval of flocks sathpler district determined by dividing the number of flocks sampled per district by the total number

of Ontario farms for each district.

® The prevalence and 95% confidence intervalpf for each district determined by dividing the numbe€p# flocks bythe total number of flocks tested for

each district.

"The prevalence and 95% confidence intervalpf/netBt+ for each district determined by dividing the numBet-/netB+ flocks by the total number @p+

flocks in each district.
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Table2.3. Univariabldogistic regression models for the associatiof gberfringenspositive, ometBpositive flocks, with broiler

district among commercial broiler chicken flocks sampled at processing between July 2010 and January 2012 in Ontario, Canada.

District? Odds Ratio 95% Confidence Interval of P-value of Odds Ratio Mo de l-wWasl Pe (°W
Odds Ratio Test)

a) Model based on the proportion®p+® flocks among the total number of flocks tested@operfringensper district (n = 231 flocks)

1 Referent 0.071

2 0.46 0.05,4.42 0.502

3 0.10 0.01, 0.84 0.033

4 0.15 0.02,1.41 0.096

5 0.14 0.014, 1.46 0.102

6 0.07 0.01, 0.73 0.026

7 0.21 0.02,1.90 0.165

8 0.20 0.02,1.79 0.151

9 0.22 0.02, 2.20 0.199

b) Model based on the proportion©p+/netB+ flocks among th€p+ flocks per district (n = 181 flocks)

0.499
1 0.31 0.04, 2.35 0.256
2 0.27 0.04, 1.84 0.180
3 0.54 0.08, 3.74 0.534
4 0.27 0.03, 2.25 0.224
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District? Odds Ratio 95% Confidence Interval of P-value of Odds Ratio Mo de l-wWasl Pe (°W
Odds Ratio Test)

5 0.56 0.06, 4.76 0.592

6 Referent

7 0.79 0.11, 5.60 0.812

8 0.33 0.05, 2.37 0.272

9 0.59 0.08, 4.50 0.613

@Districts are geographicatgions partitioned for administrative purposes by the Chicken Farmers of Ontariepeofibarganization representing chicken
farms in Ontario. District & Bruce, Dufferin, Grey, Peel, Simcoe, Sudbury, and York counties; DistdictHuron; District3 & Elgin, Essex, Kent, Lambton,
Middlesex, and Oxford.; Districtd@ HaldimanrNorforlk, Niagara (PelhmarWainfleet); District 50 Niagara; District @ Brant, Halton, Hamilton
Wentworth; District 78 Wellington; District 80 Perth, Waterloo; District 8 Durham, Glengarry, Lennox & Addington, Northnumberland, Ott@ageton,
Peterborough, Prescott, Prince Edward, Renfew, Stormont, Victoria.

® A flock was defined a€. perfringenspositive(Cp+) i f

t he

bacteri

um was cul tmpesed from O 1 of 5

A flock was defined a€. perfringenspositiveénetB positive(Cp+/netB+) if at leastone isolate tested positive foetB
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Table2.4. The prevalence @lostridium perfringengndC. perfringensnetBpositive flocks per
season of grovout among caoimercial broiler chicken flocks sampled at processing between

July 2010 and January 2012 in Ontario, Canada (n = 227 flocks).

Season No. of Flocks No. of Cp+ No. of % (95% CI) of % (95% CI) of
Sampled Flocks? Cp+/netB+"” Cp+ Flocks Cpt+/netB+
Among All Flocks Among
Flocks Tested®  Cp+ Flocks®
Fall® 81 64 24 79.0 (68.7, 86.6) 37.5(26.4, 50.1)
Winter 48 34 18 70.8 (56.3, 82.0) 52.9 (36.1, 69.1)
Sprind 29 22 10 75.9 (56.8, 88.2) 45.5(26.0, 66.4)
Summe? 69 59 18 85.5(74.9, 92.1) 30.5(20.0, 43.5)

2 A flock was defined a€. perfringenspositive(Cp+)i f t he bacterium was cultured fr
samples.

® A flock was defined a€. perfringenspositivenetBpositive (Cp+/netB+) if at least one isolate tested positive for
netB

“ The prevalence and 95% confidence intervalp# for each sason determined by dividing the numbeCpf+

flocks by the total number of flocks tested in each season.

4The prevalence and 95% confidence intervalpf/netBt+ for each season determined by dividing the number of
Cpt+/netBt flocks by the total number &p+ flocks in each season.

€ Period from September 21 to December 20

"Period from December 21 to March 20.

9Period from March 21 to June 20.

" Period from June 21 to September 20.
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Table 2.5. Univariable logistic regression models for the associati@nperfringengositive,
or netBpositive flocks, with season of gremut among commercial broiler chicken flocks

sampled at processing between July 2010 and January 2012 in Ontario, Canada.

Season Odds Ratio 95% Confidence P-value of Odds Mo d e I-valse P
Interval of Odds Ratio ( Wal dTest) 6
Ratio

Model based on the proportion 6p+° flocks among the total number of flocks tested@operfringensper season
(n =227 flocks)

Winter? Referent 0.277
Sprind’ 1.29 0.45,3.71 0.632
Summef 2.43 0.97, 6.06 0.057
Fall® 1.55 0.68, 3.52 0.295

Model based on the proportion @p+/netBt+' flocks among th€p+ flocks per season (n = 179 flocks)

Winter Referent 0.173
Spring 0.74 0.25, 2.17 0.585
Summer 0.39 0.16, 0.93 0.034
Fall 0.53 0.23,1.24 0.144

@Periodfrom December 21 to March 20.

® Period from March 21 to June 20.

¢ Period from June 21 to September 20.

4 Period from September 21 to December 20.

° A flock was defined a€. perfringenspositive(Cp+)i f t he bacterium was cultured fr
samples.

" A flock was defined a€. perfringenspositivenetBpositive (Cp+/netB+) if at least one isolate tested positive for

netB
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Figure2.1 Choropleth map athe prevalence d@lostridium pefringenspositive flocks among

all flocks sampled at processing in nine broiler districts in Ontario, Canada between July 2010

and January 2012 (n = 231).
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Figure2.2. Choropleth mapf the prevalence dZlostridium perfringensetBpositive flocks
amongC. perfringenspositive flocks sampled at processing in nine broiler districts in Ontario,

Canada between July 2010 and January 2012 (n = 181).
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ABSTRACT

In Canada, antimicrobiakdministeredn broiler chicken feed and water are primarily
used to prevent and ool diseases. The main objectives of this ciEgional study were to 1)
describe iAfeed antimicrobial use during the grawt period in a representative sample of
commercial broiler chicken flocks, and 2) identify associations betweksethantimicobial use
and two different dependent variables: a) the presence/absedcparfringensand b) the
presence/absence étBin C. perfringengositive isolates, using three different approaches: i)
overall use; ii) feeding phaspecific use; and iiipumber of flocks in clusters created from a
two-step cluster analysis. A minor objective was to describe antimicrobial use in the drinking
water and at the hatchery. Antimicrobial use data for 227 randomly selected Ontario broiler
flocks were collected @r a 19month period. Five pooled caecal swabs from 15 birds per flock
were cultured foC. perfringers and genotyped. Multivariable mixed logistic regression models

with flock as a randormterceptwere used to identify associations.

Overall, the most comonly used antimicrobials in the feed were polypeptides
bacitracin), and ionophores.{.,narasinhicarbazin and salinomycin). Six clusters were created
usingthe overall use datavhereas seven, four, two, six and seven clusters were creatgd usin
feeding phasspecific data for the starter, grower, finisher, and withdrawal feed, respectively.
Using the overall use dat@) possible antimicrobial use combinations were identifisihg the
feeding phasspecific use, 55 possible antimicrobial canations were identified in the starter
feed, 59 possible antimicrobial combinations were identified in the grower feed, 22 possible
antimicrobial combinations were identified in the finisher feed, and 15 possible antimicrobial
combinations were identified the withdrawal feed. Antimicrobials in the penicil(e.g.,

amoxicillin) and sulfonamide classés.g.,sulfamethazineyvereusedcommonlyin the water
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during growout (2.2% of 226 flockeacl). A small proportion oflocks receivectephalosporins

(ceftiofur) at the hatchery (3.1% of 226 flocks).

The use of antimicrobials varied moderately between flocks. Cluster analysis was a
useful method to exploredakeor bot h dependent variables, the
information criterion was the modelimmarized using antimicrobials used in the overall feed.
Further investigation is warranted to investigate the association between the presznce of

perfringensand the use of antimicrobials and biosecurity factors among broiler chickens.

Keywords: antimicrobial usefwo-step cluster analysis
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INTRODUCTION

The primary use of antimicrobials in animal feed in Canada is to prevent and control
diseases of significant economic impact on food production and to improve animal health and
welfare(Slavic et al., 2011)The term antimicrobial is used to describe natural, synthetic, or
semisynthetic substances intended to inhtb growth of, or kill microorganisn{&iguere,
2006a) Antimicrobials in veterinary medicine are used for three different reasons: 1) prevent the
occurrence of disease (stherapeutic); 2) treat diagnosed diseases (therapeutic); and 3) increase
growth and feed efficiencfNational Research Council, 199@ntimicrobials alter the gut
micro-flora directy by targeting infectious pathogens, or indirectly by reducing or eliminating
bacterial species that compete for nutrients required for grdvetional Research Council,

1999)

The commercial broiler chicken industry is a complex sygtéafacre, 2006)Some
bacterial and viral infections spread rapidly and might not show any clinical(sigfere,
2006) Isolating diseased birds from ndiseased birdsinot practical, and treating the entire
flock becomes the only feasible option to reduce bird exposure to infectious @iyfatse,
2006) In 1999, the European Union fully imphented a ban of four feed additives (i.e.,
virginiamycin, tylosin, spiramycin, and bacitracin), and by 2006 a total ban on the use of
antimicrobials as growth promoters was implemei®&atrup, 2012) In Canada, a ban on
antimicrobials has not been implemented; however, tseaaemovement to reduce the
development and spread of antimicrobial resistance by selecting the most favourable drug
regime, including dosing and duration of treatment, with emphasis on limiting unnecessary and

inappropriate uséPrescott, 2008)
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Currently, there is limited information on the impact of antimicrobial use on the
epidemiology of pathogens of importance to poultry health in Ontalastridium perfringenss
a grampositive baatrium responsible for necrotic enteritis in broiler chick&lisstridium
perfringenss classified into five types (AE) based on its ability to produce four lethal toxins
(U, b, (Senger, 498).dn 2008 Keyburn et al. (2008)iscoverechetBin isolates
recovered from diseased chickens suffering from necrotic enteritis only. Other studies conducted
in North America orC. perfringenssolates in chickens @htified netBin isolates recovered
from diseased and nafiseased chicker{€halmers et al., 2008Martin and Smyth, 2009)The
role ofnetBis not yet known; howeveKeyburn et al. (20103oncluded thahetBremains an

important virulence factor for the development of necrotic enteritis.

The main objectives of this cressctional study werto 1) describe Hfeed
antimicrobial use during the greaut period in a representative sample of commercial broiler
chicken flocks, summarized by overall use and feeding pésafic use, and 2) identify
associations between-feed antimicrobial usand two different dependent variables: a) the
presence/absence Gf perfringensn a sample; and b) the presence/absenocetiin C.
perfringenspositive isolates, using three different approaches: i) overall use; ii) feeding phase
specific use; and jinumber of flocks in clustecreated from a twastep cluster analysis. Minor
objectives were to describe antimicrobial use in the drinking water and at the hatchery during the

grow-out period.

MATERIALS AND METHODS
Data were obtained from the Enhancedv8illance projectEESP), a largescale, cross

sectional study that aimed to determine the prevalence of, and risk factors for, 13 pathogens of

importance to the Ontario broiler industry. The sampling period was from July 2010 to January
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2012. The samplinffame included all quotaolding producers contracted with six major

processing plants in Ontario (one provincial and five federal), which represented 70% of
Ontariods broiler processing; flocks originat
farm was selected to avoid autocorrelation among flocks within a farm. The sample size

necessary to identify risk factors for all pathogens included in the ESP was 240 flocks, based on
95% confidence, power of 80%nd an estimated difference of 20% betwdwptoportions of

exposed and unexposed flocks with an estimated baseline prevalence of 20%. The sample size
necessary to detect all pathogens included in the ESP within a flock was 15 birds, calculated
usingthe formula to detect disease from a large pation ¢ 1 [j1 # (90% confidence,

within-flock prevalence = 15%Y.he number of times the research team visited each plant was
proportional to the plantdés mar ket share of b
was randomly assigddo the 4week schedule using the statistical software Minitab 14 (Minitab

Inc., State College, Pennsylvania). A list of names of producers scheduled to process at least one
flock on each corresponding sampling date was provided to the research team @hitken

Farmersof OntaridOnt ar i o6 s ¢ hi c & byrthe preceskirg planh gor daah a r d
sampling date, one flock was randomly selected from the list using numbered coins, a method
whereby each flock was assigned a numbered coin, one coin wadly befected; and the

corresponding producer was then telephoned and invited to participate. If the producer declined,

or another of the producerdés flocks had alrea
selected in the same manner. Upon conskatidsearch team visited the plant and conveniently
selected 15 whole intestines from the evisceration line, placed the tissue samples in Ziploc (S.C.
Johnson & son, Racine, WI) or Whirlpak (Nasco, Fort Atkinson, WI) bags, and placed the bags

on packed icéor transportation. Approximately an equal number of samples were collected per
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truck for each flock. If the flock was shipped in an odd number of trucks, the truck in which the
extra tissue was collected was randomly selected using the numbered cbiog. Msisue

samples were processed on the same day of collection. Specificallyperfringens five pools

of three caecal swabs per pool were collected and delivered to the Animal Health Laboratory
(AHL) for microbiological testing. Anaerobic bacteraallture followed standard laboratory
protocols by the AHL. Multiplex polymerase chain reactiB€R) testing was conducted to
identity the genes encoding the ffoddmePGRj or
was conducted to identifyetBas described bghalmers et al. (2008a)wo to three days after
sample collection, producers were interviewed in persing a twepart questionnaire

(Appendix) and data were collected on management practices, biosecurity protocols, and

antimicrobial use for the flock of interest.

STATISTICAL ANALYSIS

All antimicrobials administered to each flock in the water and fem@ wrganized
according to their active ingredient (e.g., tylosin) and antimicrobial class (e.g., macrolides).
Antimicrobials in the feed were summarized in two waysvBrall use which summarizes the
use of each antimicrobial class in the feed at ang tluring the life of the flock (yes/no); and 2)
feedingphasespecific usewhich summarizes the use of each antimicrobial class in the feed
during the starter, grower, finisher, and withdrawal feeding phases (yes/no for each feeding
phase). lonophoresid chemicals (clopidol, decoquinate, monensin, narasin/nicarbazin,
robenidine hydrochloride, salinomycin, zoalene, narasin, nicarbanitro} were analyzed as

separate additives and not by antimicrobial class.

For infeed antimicrobials, a twstep cluger analysis was conducted usihg

International Business Machines (IBEIPSS statistical software 20 (SPSS Inc., Chicago,
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lllinois) to group flocks into sugroups in a meaningful way to reduce the number of
antimicrobials for inclusion in the regressimodelgNorusis, 2011)Cluster analysis involved
grouping of flocks that were similar based on-gefined criteria. Th two-step clustering

method was selected because it can handle large datasets. ®tepwoalysis created final
clusters in twestages. First, all flocks were assigned to groups, calledlpséers Using a

modified BIRCH algorithm and letikelihood as a measure of distance, flocks were assigned

into new or existing groupsub-clusters) The change in the lelgkelihood indicated the degree

of similarity between flocksn pre-clusters. The maximum number of stlbosters was eight, and

the maximum nuroer depth of the tree was three (default values). The second stage involved
assigninghe preclusters into clusters using a hierarchical algorithm. The maximum number of
clusters was set at 15 (the defaul tmatoal ue) .
criterion BIC) to determine the best number of clusters. The output provided information on the
number and size of clusteend the five most important antimicrobials used to form the clusters.
This analysis was conducted on antimicrobials orgahizy overall use and feeding phase

specific use.

Thecontractcommand in STATA IC 13 (Stata Corporation, College Station, Texas) was
used to determine the frequency of all possible antimicrobial use combinations in the data for the
overall use and feedinghasespecific use. For example, if only bacitracin and tylosin were
entered in the command, the program would determine the number of flocks for which: only

bacitracin was used; only tylosin was used; both were used; and neither were used.

We used STATAC 13 (Stata Corporation, College Station, TX) to create univariable
logistic regression models with flock as a randotarceptto identify the feed antimicrobials

that have unconditional associations with two different dependent variables: 1) presamab
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of C. perfringensn a sample); and 2) presence/absenceetBin aC. perfringengositive

isolate. Univariable associations weansidered i gni fi cant at p O 0.2. A
used to modeC. perfringengpositive/negative samples), aadly C. perfringengositive

observations were used to model presence/absemetRih C. perfringengositive isolates.

The univariable associations between the two dependent variables and antimicrobial use were
investigated in four ways: by overallaig the feed, feeding phaspecific use, and

antimicrobial clusters created from antimicrobials summarized by overall use in the feed, and
antimicrobial clusters created from antimicrobials summarized by feeding-ppesiéic use.
Threemultivariable mxed logistic regression models with flock as a randaerceptwere

created for each of the two outcomesdel one was offereshly significant antimicrobials

summarized by overall use in the fe@dodel two was offered only significant antimicrobials

summarized byfeeding phasspecific use; modehreewas offered significant clusters formed

from antimicrobials summarized by feeding phageecificu s ethetstarter, grower, finisher,

and withdrawal clusters. A backward elimination process was used to select the final

antimicrobials or clusters remaining in each of the models. Confounders were identified by
assessing the change in the coefficierdradther variable in the model. A 25% difference in the
coefficient was considerezbidemiologicallysignificant and the antimicrobial identified as a
confounder was kept in the final model . Schwa
compare thedur final multivariable models for each dependent variable. The model with the

smaller BIC was considered to be the superior model. Pearson residuals were examined
graphically to identify outliers. FIl oodek s wi t h

fit was evaluated using a scatter plottbé best linear unbiased predictions (BLUB§ainst the
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predicated outcome to assess homoscedasticity, and normal quantignglbistogrameere

used to examine the normality of the BLUPS

RESULTS

Flock characteristics. Bacterial and genotyping laboratory results were available for 231
flocks yet questionnaire data were only available for 227 flocks. Flocks characteristics have been
described previouslf{Chapter 2 C. perfringengprevalence])Briefly, the majority of flocks
(98.2% of 227) were raised using ariahall-out production system. An ah-all-out system
means that birds from the same age are raised at one time and all the birds belonging to that flock
are processed at one time before a newkfis raised. The median age of the flocks at the time
of shipping was 38.1 days [range-333 days]. The median flock size at placement was 25,092
birds rangeéd [7,242- 104,040 birds]. The mean flock mortality due to disease and/or culling
was 3.5%0 [range: 0.3 to 12.7%]. AIL. perfringengsolates were type A, except for one type
E isolate. ThenetBgene was detected in 71 of 231 flocks (30.7%; 95% CI: 24.7 to 36.7%) and in
169 of 629 isolates (26.9%; 95% CI: 23.4 to 30.3%).

Antimicrobials in the water and at the hatchery.Fifteen of 226 flocks (6.6%; 95% CI:
4.0 to 10.7%) received antimicrobials in the wdieable 3.1) Antimicrobials in the penicillin
and sulfonamides classes were the most commonly used antimicrobials in the water (5 of 226
flocks each; 2.2%95% CI: 0.9 to 5.2%). Antimicrobials in the tetracycline classes were used in
three of 226 flocks (1.3%; 95% CI: 0.4 to 4.1%). One antimicrobial in the polypeptide class was
used in one flock (0.9995% CI: 0.2 to 3.5%). Sevet 226flocks reeivedcephalosporia
(ceftiofur) at the hatchery (3.1985% CI: 1.5 to 6.4%).

Antimicrobials in the feed. Complete antimicrobial use data in the feed were available

for 221 of 227 flocks (97.4%)rable 3.2) Using the overall use data, the most commonggdus
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antimicrobials in the feed were bacitracin (59.7%; 95% CI: 53.1 to 66.0%), nareasibAzin

(47.5%; 95% CI: 41.0 to 54.2%), and salinomycin (43.0%; 95% CI: 36.6 to 49.6%j}hfiee

most commonly used antimicrobials in the starter feed b@c#racin(54.3% of 221 flocks;

95% CI: 47.6 to 60.8%narasinhicarbazin(46.6%; 95% CI: 40.1 to 53.3%), anehBro (24.0%;

95% CI: 18.8 to 30.1%)he three most commonly used antimicrobials in the grower feed were

bacitracin(48.9%;95% CI: 42.3 to 55.5% salnomycin (38.0%; 32.2 to 45.1%), aneh8ro

(35.7%; 29.7 to 42.3%). The three most commonly used antimicrobials in the finisher feed were

bacitracin(48.0%;95% Cl:41.4 to 54.6%), salinomycin (40.3%5% CI: 32.2 to 45.1%and

tylosin (23.5%95% CI:18.4 to 29.6%). The three most commonly used antimicrobials in the

withdrawal feed werbacitracin(39.8%;95% CI:33.5 to 46.5%), salinomycin (14.5%%% CI:

10.8 to 20.3%), and tylosin (13.6%; 9.6 to 18.8%). Tyldsacjtracin decoquinate, monensin,

narasin, salinomycin, and virginiamycin were used in all feeding phases; however, they were

used most frequently during the starter phase and least frequently during the withdrawal phase.
Cluster analysis of antimicrobials in the feétsing the overall use ¢ six clusters

were created, while the starter, grower, finisher, and withdrawal feeding phase data created

seven, twothree and seven clusters, respectiveliable 3.3). Different antimicrobials were

considered important in forming clusters summarizgthe overall use and feeding phase

specific approachgd able 3.4). For example, salinomycin was the most important antimicrobial

in forming the clusters for both overall use and finisher feeding pby@essfic use, and the fourth

most important for whdrawal feeding phasspecific useNarasin/Nicarbazin was the most

importantantimicrobial in forming the clusters for tetarter feed, and second most important

for the overall use.
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Combinations of antimicrobials in the feédsing the overall use datd) possible
antimicrobial use combinations were identified, the most common of which was the use of
bacitracin robenidine hydrochloridesalinomycin, 3 nitro, and bacitracin, narasin/nicarbazin,
and narasin (17 of 221 flocks each; 7.74ging thefeedirg phasespecific use, 55 possible
antimicrobial combinations were identified in the starter feed, the most common of which was
the use of bacitracin and narasin/nicarbazin (47 flocks; 21.3%)-rkifeypossible antimicrobial
combinations were identified ithe grower feed, the most common of which was the use of
bacitracin, salinomycin, andtdtro (20 flocks; 9.0%). Twentywo possible antimicrobial
combinations were identified in the finisher feed, the most common of which was the use of
bacitracin, angalinomycin (43 flocks; 19.5%). Fifteen possible antimicrobial combinations
were identified in the withdrawal feed, the most common of which was the use of bacitracin (43
flocks; 19.5%).

Associations betweerC. perfringens(and netB) and antimicrobial use.Significant
univariable associations were identified betwderoverall use in the feed and feeding phase
specific antimicrobial use aritle presence o€. perfringengpositive/negative sample&r
antimicrobials and antimicrobial clustéf&able3.1A. and Table 3.2} Significant univariable
associations were identified betwdépoverall and feeding phaspecific antimicrobial use and
thepresence o€. perfringenswvith netBfor specific antimicrobials and antimicrobial clusters
(Table 3.3Aand Table 3.4A)

All multivariable mixed logistic regression models with flock as a random intercept for
the association of antimicrobial use in the feed summarized usitlgy &selifferent approaches
(overall use, feeding phaspecific use, and feeding phaggcific use clusters) with the two

dependent Cyvparfringenfpositige/ndgative samples) and the presence/absence of
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netBin C. perfringenp o s i t i v ehadsignifitaatdassosiatidngTable 3.5 and 3.6). For
both dependent variables, thearbsummarized using the overall use approach had the lowest
BIC.

Using the overall use summary approach, the odds of a sample being positive for
perfringenswere lower among flocks that received tylosin (OR = 09884 Confidence Interval
(CI): 0.151 0.84), p = 0.019), narasin/nicarbazin combination (OR =,®3% CI: 0.17 0.88,

p = 0.023), or Jitro (OR = 0.3895% CI; 0.17 0.85, p = 0.018), in comparison to flocks that
did not received these antimicrobials. The odd8.gberfringenf a samp being positive for
C. perfringensvere higher among flocks that received nicarbazin (OR = 981 CI: 1.38
24.45, p = 0.017), or salinomycin (OR = 2.88% CI: 1.23 6.53, p = 0.014) in comparison to
flocks that did not receive these antimicrohials

Using the overall use summary approach, the odds of a sample being posiilve for
perfringensnetBwas lower among flocks that received virginiamycin (OR = 09584 (ClI):

0.037 0.64), p = 0.010), or narasin/nicarbazin combination (OR = 0@®% (Cly 0.027 0.31),
p 00.001), in comparisoto flocks that did not receiiese antimicrobials. Outliers were
identified for the models usinQ. perfringengpositive/negative samples) and presence/absence

of netBas the dependent variable; however, removValtliers was not justified.

DISCUSSION

Our study identifiecantimicrobials administed to Ontario broiler chickens flockisiring
the growout period. Using the World Organization for Animal Health (OIE) criteria to
categorize antimicrobials in ordefeterinary importanc@/Norld Organisation for Animal
Health, 2004)our study identifiedive antimicrobial families in theeterinarycritically

important antimicrobials category (VCIA), two antimicrobial families in the veterinary highly
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important antimicrobials category (VHIA), and one antimicrobial class in the veterinary

important antimicrobials (VIA) category.

The VCIA category inded the3™ cephalosporins generation (e.g., ceftiofur),
macrolides (e.qg., tylosin), penicillins (e.qg., penicillin), tetracyclines (e.g., oxytetracycline), and
sulfonamides (e.qg., trimethopriguifadiazine) Ceftiofur (bactericidal) is used in egg andogh
hatcheries to prevent yelac infection, a disease causeddsgherichiacoli (Diarra aml
Malouin, 2014) Macrolides(bacteriostatic or bactericidand penicillins (bactericidagre
effective against Grarpositive and Grarmegative bacterjand are used in the treatment of
necrotic enteritigBrennan et al., 2001; Prescott, 2008atracyclineskl{acteriostatic or
bactericidal)are active against a wide range of Gypositive and negative bacte(i@iguere,
2006b) Sulfonamides (bacteriostatic bactericidalanimicrobials inhibit Grarpositive and
negative bacteria by interfering with the formation of folic acid, an essential component for DNA

and RNA synthesi@rescott, 2006b)

The VHIA category included the polypeptides (e.g., bacitracin) and ionophores (e.g.,
salinomycin) antimicrobial classes. Bacitradsa¢tericidal or bacteriostatit§ a narrow
spectrum polypeptide commonly used in poultry to prevetitcamtrol necrotic enteritis
(Dowling, 2006a) lonophores (bacteriostatic) are antimicrobial agents used as feed additives to
primarily target Grarrpostive bacteria and prevent coccidiogidowling, 2006b) lonophores
are not associated with developmehtesistance, and hence do not pose a risk to public health

(Dowling, 2006b)

The VIA category includd streptogamins (e.g., virginiamycin). In broiler chickens,

streptogamins (bactedstatic and bacteriocidal) are used to prevent and control diseases caused

106



by Grampositive bacteria, specifically clostrididiles & al., 1984) In 1998, Denmark banned
the use of virginiamycin in animal feed. Following the ban, between 1997 and 2000, the
occurrence of virginiamychnesistank. faeciumbroiler isolates decreased from 66.2% to
33.9%, demonstrating that an interventio the use chnantimicrobial can change the

prevalence of antimicrobial resistance among food anifAalsestrup et al., 2001)

Other antimicobials included in the feed such as nicarbazin, and roberitibenidine
hydrochloride demquuinate, zoalene, and clopidol andi8o are primarily used to control
coccidiosis in chickens. Of particular importance is the arsenic compenitrd.3The asenic
substance used inr8tro is organic and less toxic than the inorganic carcinogenic form;
however, it is a possible for the organic form to turn into the inorganic (foine US. Food and
Drug Administration, 2011)Evidence suggests that chickens fed diets witkir® have higher
amounts of inorganic arsenic in their liver than chickens fed diets withoitto3 The US. Food
and Drug Administration, 2011As a result of thisinding, the U.S. distributor of-8itro,
voluntarily suspended the sale of this substance in July 2011. By 2016, the lastlzasedic
compoum used in chicken productiamasremoved from the US drug markets. In Canada, the

sale of 3nitro wasvoluntarily suspended in August 20(AGCanada, 2011)

The use of antimicrobials varied moderately between flocks. The difference in
antimicrobial use might be due to differences in desired target weight, age of the birds at
processing, and history of disease on the farm. The cluster anaigduced a number of
clusters when the antimicrobials were organized by overall and feedinggpesic use
suggesting a moderate level of diversity within these two approaches. One of the limitations of
cluster analysis is the inability to distingaidetailed differences between each cluster. This is

because each cluster was formed from various percentages of all variables offered for analysis
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and with small differences between clustetentifying differences between clusters is difficult.
Without clear criteria to distinguish and identify differences in the clusters, these associations

remain exploratory.

The preferred way to describe antimicrobial use in feed for multivariable regression was
the overall use of antimicrobials in the fgedy. tylasin use in feed, yes or nd)verall use
provided the best modelfte cause the multivariabl € model
perfringeng(positive/negative samples) and the presence/absencermdtBgene inC.
perfringenspositivei s ol at es b provided the | owest BIC
The use okalinomycin, or nicarbazin, were positively associated @itherfringens
(positive/negative samples), and the use of tylosin, narasin/nicarbazinjtoy @ere negatively
associated witlC. perfringengpositive/negative samples). The use of virginiamyor
narasin/nicarbazin, was negatively associated @itperfringensnetBpositive isolates. It is a
possibility that flocks that used antimicrobials positively associated@vigierfringensad a
history of coccidiosis or necrotic enteritis outbreak the farm, and that flocks that used

antimicrobials negatively associated w@&hperfringenslid not.

Our study described the antimicrobials used in the feed of 221 randomly selected broiler
chicken flocks in Ontariolheseantimicrobialswere used maly for disease prevention.
Antimicrobial regimes administered to broiler chickens during the -gratyperiod in Ontario
had moderate diversity betwe#ocks. Cluster analysis ismaethod to describe antimicrobial use
in an exploratory manner. Summarigithe use of each antimicrobial class in the feed at any
time during the life of the flock (yes/no) is the optimum method for describing antimicrobial use

for statistical model buildingpr C. perfringensn comparison to summarizing the use of each
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antimicrobial class in the feed during the starter, grower, finisher, and withdrawal feeding phases

(yes/no for each feeding phase) and clusters formed frorstiepocluster analysis.

ACKNOWLEDGEMENTS

We wish to thank all our funders and collaborators for supppthis research. Our
thanks go to the Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA)
University of Guelph Partnership, OMAFRWBniversity of Guelph Agreement through the
Animal Health Strategic Investment fund (AHSI) managed by thenAhHealth Laboratory of
the University of Guelph, the Poultry Industry Council, and the Chicken Farmers of Ontario for
research funding; the Ontario Veterinary College MSc Scholarship and OVC incentive funding
for transferring to a PhD program for stipeiunding for Hind KasatiBachi; the Chicken
Farmers of Ontario, broiler farmers, and slaughter plants for their collaboration; Enhanced
Surveillance Project graduate students (Michael Eregae, Eric Ntemegrch assistan(Slise
Myers, Chanelle TayloHeather McFarlane, Stepfia Wong, Veronique Guldeandlaboratory
technicians (Amanda Drexler) for their contributions; and Dr. Marina Brash for her technical

expertise in sample collection.

109



REFERENCES

Aaredrup, F.M., Seyfarth, A.M., Emborg, H.D., Pedersen, K., Hendriksen, R.S., Bager, F., 2001.
Effect of abolishment of the use of antimicrobial agents for growth promotion on
occurrence of antimicrobial resistance in fecal enterococci from food animals nmailen

Antimicrob. Agents Chemother. 45, 202059.

AGCanada, 2011. Poultry antibiotic pulled in Canada. http://www.agcanada.com/daily4poultry

antibioticpulledin-canada (accessed 12.5.11).

Brennan, J., Moore, G., Poe, S.E., Zimmermann, A., Vessie, GwiabD.A., Wilson, J., 2001.
Efficacy of infeed tylosin phosphate for the treatment of necrotic enteritis in broiler

chickens. Poult. Sci. 80, 1451454.

Chalmers, G., Bruce, H.L., Hunter, D.B., Parreira, V.R., Kulkarni, R.R., Jiang, Y.F., Prescott,
J.F.,Boerlin, P., 2008a. Multilocus sequence typing analys{slo$tridium perfringens
isolates from necrotic enteritis outbreaks in broiler chicken populations. J. Clin. Microbiol.

46, 3957 3964.

Chalmers, G., Martin, S.W., Hunter, D.B., Prescott, J.F., Wéh&, Boerlin, P., 2008b. Genetic
diversity ofClostridium perfringenssolated from healthy broiler chickens at a commercial

farm. Vet. Microbiol. 127, 11i6127.

Diarra, M.S., Malouin, F., 2014. Antibiotics in Canadian poultry productions and antttipate

alternatives. Front. Microbiol. 5, 282.

Dowling, P.M., 2006a. Peptide antibiotics: polymyxins, glycopeptides, and bacitracin., in:

Giguere, S., Prescott, J.F., Baggot, J.D., Walker, R.D., Dowling, P.M. (Eds.), Antimicrobial

110



Therapy in Veterinary Medicinglackwell, lowa, USA, pp. 171178.

Dowling, P.M., 2006b. Miscellaneous antimicrobials: ionophores, nitrofurans, nitroimidazoles,
rifamycins, oxazolidinones, and others., in: Giguere, S., Prescott, J.F., Baggot, J.D., Walker,
R.D., Dowling, P.M. (Eds.), Atimicrobial Therapy in Veterinary Medicine. Blackwell,

lowa, USA, pp. 286300.

Giguere, S., 2006a. Antimicrobial drug action and interaction: an introduction, in: Giguere, S.,
Prescott, J.F., Baggot, J.D., Walker, R.D., Dowling, P.M. (Eds.), Antimicrdhidapy in

Veterinary Medicine. Blackwell, lowa, USA, ppi. 4

Giguere, S., 2006b. Tetracyclines and glycyclines, in: Giguere, S., Prescott, J.F., Baggot, J.D.,
Walker, R.D., Dowling, P.M. (Eds.), Antimicrobial Therapy in Veterinary Medicine.

Blackwell, lowa, USA, pp. 231240.

Hofacre, C.L., 2006. Antimicrobial during use in poultry, in: Giguere, S., Prescott, J.F., Baggot,
J.D., Walker, R.D., Dowling, P.M. (Eds.), Antimicrobial Therapy in Veterinary Medicine.

Blackwell, lowa, USA, pp. 54%53.

Keyburn, AL., Boyce, J.D., Vaz, P., Bannam, T.L., Ford, M.E., Parker, D., Di Rubbo, A., Rood,
J.I., Moore, R.J., 2008. NetB, a new toxin that is associated with avian necrotic enteritis

caused byClostridium perfringensPlos Pathog. 4, 26.

Keyburn, A.L., Yan, X.X.Bannam, T.L., Van Immerseel, F., Rood, J.I., Moore, R.J., 2010.
Association between avian necrotic enteritis @hastridium perfringenstrains expressing

NetB toxin. Vet. Res. 41, 21.

Martin, T.G., Smyth, J.A., 2009. PrevalencenefBamong some clina isolates ofClostridium

111



perfringensfrom animals in the United States. Vet. Microbiol. 136, iZ15.

Miles, R.D., Janky, D.M., Harms, R.H., 1984. Virginiamycin and broiler performance. Poult.

Sci. 63, 12181221.

National Research Council, 1999. The @§®rugs in Food Animals: Benefits and Risks. The

National Academies Press, Washington, DC.

Norusis, M., 2011. IBM SPSS Statistics 19 Statistical Procedures Companion, Chapter 17., in:

Cluster Analysis. Pearson Education, USA, pp.1303.

Prescott, J.F2008. Antimicrobial use in food and companion animals. Anim. Health Res. Rev.

9, 127133.

Prescott, J.F., 2006a. Bdtectam antibiotics: cephalosporin, in: Giguere, S., Prescott, J.F.,
Baggot, J.D., Walker, R.D., Dowling, P.M. (Eds.), Antimicrobial ThgnapVeterinary

Medicine. Blackwell, lowa, USA, pp. 1B257.

Prescott, J.F., 2006b. Sulfonamides, diaminopyrimideines, and their combinations, in: Giguere,
S., Prescott, J.F., Baggot, J.D., Walker, R.D., Dowling, P.M. (Eds.), Antimicrobial Therapy

in Vetelinary Medicine. Blackwell, lowa, USA, pp. 24349.

Slavic, D., Boerlin, P., Fabri, M., Klotins, K.C., Zoethout, J.K., Weir, P.E., Bateman, D., 2011.
Antimicrobial susceptibility ofClostridium perfringenssolates of bovine, chicken, porcine,

and turkey agin from Ontario. Can. J. Vet. Res. 75) 89.

Songer, J.G., 1996. Clostridial enteric diseases of domestic animals. Clin. Microbiol. Rev. 9,

216 234.

112



US Food and Drug Admnistration, 2013N&ro (Roxarsone) and Chicken.
http://lwww.fda.gov/AnimalVetering/SafetyHealth/ProductSafetylnformation/ucm257540.

htm (accessed 10.1.14).

Wierup, M., 2012. Antimicrobial resistance in Scandinavia after termination of antimicrobials
for growth promotion., in: Norrgren, L., Levengood, J. (Eds.), Ecology and Animalhiealt

The Baltic University Programme, Uppsala University, ppi222.

World Organisation for Animal Health (OIE), 2004. OIE List of Antimicrobials of Veterinary

Importance. www.oie.int (accessed 2.1.14).

113



Table 3.1. Number (and percentage) of broiler chicken $lgiken antimicrobials through
drinking water during the growut period, categorized by order of veterinary importance
according to the World Organization for Animal Health (OIE) criteria; flocks were sampled at

processing between July 2010 and January 2012 in Ontario, Canada (n = 227 flocks).

Category Antimicrobial Antimicrobial No. (%) of 95%
Class Flocks Using  Confidence

Antimicrobial  Interval
VCIA? Penicillins Amoxicillin 2 (0.9) 0.2,35
Penicillin 3(1.3) 0.4,4.0
VCIA Tetracyclines Oxytetracycline/Neomycin 1(0.4) 0.2,35
Tetracycline/Neomycin 2 (0.9 0.2,35
VCIA Sulfonamides Pyrimethamine/Sulfaquinoxaline 4 (1.8) 0.7,4.6
Sulfamethazine 1(0.4) 0.2,35
VHIAP Polypeptides Bacitracin 1(0.4) 0.2,35

3Veterinary Critically mportant Antimicrobials® Veterinary Highly Important Antimicrobial
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Table 3.2. Number (and percentage) of broiler chicken flocks givesenhantimicrobials,
categorized by order of veterinary importance according to the World Organization for Animal
Health (OIE) criteria; flocks were sampled at processing between July 2010 and January 2012 in

Ontario, Canada (n = 221 flocks).

Category Antimicrobial Antimicrobial Starter Grower Finisher Withdrawal Overall "
Classes Feed® Feed® Feed' Feed?

VCIA & Macrolides Tylosin 42 (19.0) 52 (23.5) 52 (23.5) 30 (13.6) 60 (27.1)
Penicillins Penicillin 9(4.1) 14 (6.3) 0 (0.0) 0 (0.0) 15 (6.8)
Sulfonamides Trimethoprim + 12 (5.4) 8 (3.6) 3(1.4) 0 (0.0) 20 (9.0)

sulfadiazine

VHIA P Polypeptides Bacitracin 120 (4.3) 108 (48.9) 106 (48.0) 88(39.8) 132 (59.7)
lonophores Monensin 5(2.3) 41 (18.6) 45 (20.4) 19 (8.6) 50 (22.6)

Narasin/nicarbazin 103 (46.6) 43 (19.5) 4 (1.8) 0(0.0) 105 (47.5)
Narasin 14 (6.3) 56 (25.3) 50 (22.6) 15 (6.8) 61 (27.6)
Salinonycin 20 (9.0) 84 (38.0) 89 (40.3) 32 (14.5) 95 (43.0)

VIA ¢ Streptogamins Virginiamycin 44 (19.9) 43 (19.5) 38 (17.2) 45 (20.4) 52 (23.5)

NA' Chemicals 3-nitro 53 (24.0) 79 (35.7) 0(0.0) 0(0.0) 85 (38.5)
Nicarbazin 22 (10.0) 0(0.0) 0 (0.0) 0 (0.0 22 (10.0)
Zoalene 1(0.5) 0 (0.0) 0(0.0) 0(0.0) 1(0.5)
Clopidol 3(1.4) 1(0.5) 0 (0.0) 0 (0.0) 3(1.4)
Decoquinate 3(1.4) 6 (2.7) 5(2.3) 2 (0.9 8 (3.6)
Robenidine 36 (16.3) 8(3.6) 1 (0.5) 0 (0.0) 37 (16.7)
hydrochloride

3V/eterinaryCritically Important Antimicrobials® Veterinary Highly Important Antimicrobials;Veterinary
Important Antimicrobials®® "¢ "The number and percentage of flocks using a specific antimiciolitz starter,
grower, finisher, and withdrawal feeaind atany time during the life of the flockNA i compounds are not listed
asimportantantimicrobials by the OIE
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Table 33. The number of flocks in each cluster formed by a-$tep cluster analysis of
antimicrobials administered in the feed of 22ftario broiler chicken flocks sampled at

processing between July 2010 and January 2012 in Ontario, Canada.

Number of Flocks

Feed data Cluster 1 Cluster 2 Cluster 3 Cluster4 Cluster5 Cluster6 Cluster?7
OverallFeed® 20 46 55 32 51 17

StarterFeed” 26 35 29 23 49 26 33
GrowerFeed® 108 113

FinisherFeed’ 88 70 63

Withdrawal Feed® 26 14 18 69 15 31 49

20verall feed: based on the use of an antimicrobial class in the feed at any time during the life of thSttoiek;
feed: basedn the use of a specific antimicrobial class in the starter f&xawerfeed: based on use of a specific
antimicrobial class in the grower feddEinisher feed: based on use of a specific antimicrobial class in the finisher
feed;*Withdrawal feed: bsed on use of a specific antimicrobial class in the withdrawal feed
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Table3.4. Two-step cluster analysis summary of the five most important antimicrobials,
organized in order of greatest importance (first) to lowest importance (fifth) in forming clusters
of the antimicrobial&dministered in the feed of 221 broiler chicken flocks sampled at

processing between July 2010 and January 2012 in Ontario Canada.

Type of Data Antimicrobials of Importance in Forming Clusters
First Second Third Fourth Fifth
Overdl Feed®  Salinomycin Narasin/Nicarbazin Robenidine
Hydrochloride
StarterFeed” Narasin/Nicarbazin Robenidine Bacitracin Virginiamycin  Tylosin
Hydrochloride
GrowerFeed®  Bacitracin Tylosin Virginiamycin  Penicillin Robenidine
Hydrochloride
Finishe Feed”  Salinomycin Bacitracin Tylosin Narasin Monensin
Withdrawal Virginiamycin Bacitracin Narasin Salinomycin Tylosin
Feed®

@Overall feed: clusters formed from data of antimicrobials administered in the feed at any time during the life of the
flock; ° Starterfeed: clusters formed from data of antimicrobials used in the startef f8eslyerfeed: clusters

formed from data of antimicrobials used in the grower f8€ihisher phase: clusters formed from data of
antimicrobials used in the finisherefg; ® Withdrawal feed: clusters formed from data of antimicrobials used in the
withdrawal feed.
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Table3.5. Multivariable logistic regression models with flock as a random variable for the
association betweeddlostridiumperfringensand antimicrobial usenithe feed (summarized by

overall use, individual feeding phases, and individual cluster phases) among commercial broiler
chicken flocks sampled at processing between July 2010 and January 2012 in Ontario, Canada (n

= 221 flocks).

Antimicrobial Odds 95% Confidence P-value of ModelssP-v al ue (*West),d
Ratio Interval Odds Ratio BIC  and ICC"

Model one: association betwe€lostridiumperfringensand antimicrobial use in theverallfeed®
(0.001, 1216.27, 0.42

Antimicrobial not Referent

used

Tylosin 0.35 0.15,0.84 0.019
Narasin/nicarban 0.39 0.17,0.88 0.023
Nicarbazin 5.80 1.38, 24.45 0.017
Salinomycin 2.84 1.23,6.53 0.014
3- nitro 0.38 0.17,0.85 0.018

Model two: association betweeBlostridiumperfringensand antimicrobial usi individual feeding phasé's
(0.001, 1225.11, 0.64

Antimicrobial not Referent

used

Grower tylosin 0.10 0.02, 0.51 0.006
Finisher tylosin 1.96 0.38, 9.97 0.420
Starter penicillin 13.90 1.63, 118.62 0.016
finisher monensin 0.10 0.02,0.44 0.002
Finisher narasin 0.26 0.07,0.94 0.040
Withdrawal narasin  0.14 0.03,0.79 0.026
Starter nicarbazin ~ 24.03 4.90, 117.81 00.001
Grower salinomycin  3.50 0.76, 16.08 0.107
Finisher salinomycin 0.21 0.05, 0.95 0.043

Modelthreeassociation betwedlostridiumperfringensandantimicrobial use in thindividual feedclustes ©
0.009 1235.18, 0.43

Starter cluster 1 Referent

Starter cluster 2 0.92 0.21, 3.96 0.907
Startercluster 3 0.14 0.03, 0.64 0.011
Startercluster 4 0.38 0.06, 2.24 0.285
Startercluster 5 0.15 0.03, 0.79 0.025

Starter cluster 6 0.05 0.01, 0.27 O 0.001
Startercluster 7 0.34 0.06, 207 0.243
Growercluster 1 Referent

Grower cluster 2 0.34 0.11,1.04 0.059
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°%Schwar z6s Bayesi aHIntercassocornelationi coefficiedtviddel @ne was affered
antimicrobials smmarized byantimicrobials administered in the featlany time during the life of the flock;
Model two was offered antimicrobialsmmarized byantimicrobials administered during the starter, grower,
finisher, and withdrawal feedModelthreewas offered clusters formed using a tatep cluster analisfrom data
of antimicrobials summarizday antimicrobials administerdd the starter, grower, finisher, and withdraesd
Boldedpval ues indicate a significant association (P
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Table3.6. Multivariable logistic regression model with flockaasandom variable for the
association betwedblostridium perfringensietBpositive flocks and the use of antimicrobials in
the feed'summarized by overall use, individual feeding phases, and individual cluster phases)
among commercial broiler chicken ¢ks sampled at processing between July 2010 and January

2012 in Ontario, Canada (n = 174 flocks).

Antimicrobial Odds Ratio 95% Confidence P-value of Odds Modelé Pvalue
Interval of Odds Ratio ( Wal dTest) 6
Ratio BIC ® and ICC"
Model one: association betweratBandantimicrobial use in the overall feéd
, @®001, 539.35,
0.48
Referent
(antimicrobial not
used)
Virginiamycin 0.14 0.03, 0.63 0.010
Narasin/nicarbazin ~ 0.08 0.02,0.31 O 0.001

Model two: association betweametBandantimicrobial use in individual feeding phades
(0.001, 548.96, 0.45

Referent

(antimicrobial not

used)
Starter virginiamycin  0.02 0.00, 0.19 0.001
Grower 18.13 1.53, 25.15 0.022
virginiamycin
Withdrawal 0.03 0.00, 0.81 0.038
virginiamycin
Starter monensin 87.21 1.91, 3986.48 0.022
Grower monensin 136.49 1.62,11524.12 0.030
Finisher monensin 0.02 0.00, 1.55 0.077
Starter narasin 0.12 0.03, 0.43 0.001
Starter 0.05 0.00, 0.79 0.034

narasin/nicebazin

Model threeassociation betweametBandantimicrobial use in the individual feed clustérs
0.002 580.78, 0.45
Starterfeedcluster 1  Referent

Starterfeedcluster 2 76.83 6.49, 909.60 0.001
Starterfeedcluster3  2.87 0.15, 53.42 0.479
Starterfeedcluster 4 11.81 0.95, 147.41 0.055
Starterfeedcluster 5 0.88 0.07, 10.85 0.923
Starterfeedcluster 6 7.38 0.40, 135.44 0.178
Starterfeedcluster 7 6.75 0.44,104.11 0.171
Withdrawalfeed Referent

cluster 1
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Antimicrobial Odds Ratio 95% Confidence P-value of Odds Modelé P-value

Interval of Odds Ratio ( Wal dTest) 6
Ratio BIC ® and ICC"

Withdrawalfeed 5.50 0.23, 133.57 0.295

cluster 2

Withdrawalfeed 0.49 0.01, 22.53 0.718

cluster 3

Withdrawalfeed 3.48 0.28, 42.97 0.331

cluster 4

Withdrawalfeed 0.25 0.00, 21.12 0.543

cluster 5

Withdrawalfeed 11.31 0.57, 226.52 0.113

cluster 6

Withdrawalfeed 4.09 0.26, 64.45 0.317

cluster 7

%Schwarzdés Bayesi an Intercassocorneationi coefficiedtMadel ene was offered

antimicrobials smmarized byantimicrobials administered in the feed at any time duriedife of the flock;

Model two was offered antimicrobialsmmarized byantimicrobials administered in the starter, groviiersher,

and withdrawal feed® Model threewas offered clusters formed using a tstep cluster analysis from data of

antimicrdoials summarizely antimicrobials administerdd the starter, growefinisher, and withdrawal feed

Boldedpval ues indicate a significant association (P O 0.0
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ABSTRACT

In a crosssectional study (July 2010 and January 2012), we m@ted the antimicrobial
susceptibility of 11 antimicrobials for 620. perfringensisolates obtained from 231 randomly
selected commercial Ontario broiler chicken flocks, and identified associations beByeen
perfringens netB positive isolates and antimm@bial resistance. Minimum inhibitory
concentrations were determined using the microbroth dilution method on avian plates or Etest.
Isolates were genotyped usipglymerase chain reactioRCR) and reatime PCR.Univariable
logistic regression models wiftock as a random effect were used to identify associatives
used breakpoints from the Clinical and Laboratory Standards Instiudethe published
literature to classify isolates as susceptible or resistaigfh Idroportions of isolates were
resistam to bacitracin, oxytetracycline, tetracycline, erythromycin, and moderate proportions to
ceftiofur, clindamycin, and tylosin tartrate. The associations betwe#d and antimicrobial
resistance in isolates suggest that certain resistance genastBmday be found on the same

genetic elements.

Keywords

Minimum inhibitory concentratiometB antimicrobial resistanc€&lostridium perfringens
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INTRODUCTION

Clostridium perfringensa member of the normal gut flora of healthy broiler chickens, as
well as humas and other mammalSonger, 1996)is a Grarpositive anaerobic bacterium that
has the ability to form environmeniapersistent spores. It is classified into five typesHA
based on its ability to (Pongerdl®I6Elostridiwmr | et hal t
perfringengtype A has been the most common type isolated from the gut of broiler chickens
(Engstrom et al., 2003; Keyburn et al., 2QG6)d poses the greatest risk to broiler health due to
its association with the development of necrotic enteritis (NE), an enteric disease that leads to
significant economic losses and poor animal hd&l#hn and Line, 2005)Globally, clinical ad
subclinical NE infections cost the poultry industry an estimated two billion dollars every year
(Cooper and Songer, 2009; Van Immerseel etal., 2000 or man ytoxneasr s, t he U
believed to be the virulence factor asstedawith NE lesions in chicker{gl-Sheikhly and Al
Saieg, 1980; ASheikhly and Truscott, 197;Mowever, this causeelationship was challenged
by several studi es -todinavasnat esseatialsntthe devatgoht otNEat t he

(Gholamiandekhordi et al., 2006; Keyburn et al., 20B8&)yburn et al(2008)demonstrated that

NE is associated with the release & NetB toxin.

The use of antimicrobials in feed has become controversial due to concerns about the
selection and dissemination of antimicrobial resistance in animal and human pa(hdgdds
Health Organization (WHO), 2001, 1991 1997, the World Health Organization reported that
the widespread use of antimicrobials for growth promotion, disease prevention, andrteat
food animal operations contributed to the increased incidence of bacterial resistance in human
and animal pathogerf8vorld Health Organization (WHO), 2001, 199%) Canada,
antimicrobials active mostly against Grgouositive bacteria and coccidiostats are routinely added
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to broiler chicken feed to prevent and control diseases and promote @gfauitios et al., 2012)

The continued use of these antimicrobials raises concerns relating to the potential selection of
acquired antimicrobial resistance genes among the normal gut flora of chickens, which includes
C. perfringens Antimicrobial use might also eselect for unrelated resistance or virulence genes
located on the same genetic element such as transposons, plasmids, or i(Begernset al.,

2013; Chapman, 2003)herefore,tiis a possibility thathe presence dhenetBgeneis

associated with the presence of antimicrobial resistance genes.

Our objectives were to determine the minimum inhibitory concentration (MIC) of
perfringenssolates obtained from a representative sample of Ontario broiler flocks for 11
antimicrobals, and to determine the association between antimicrobial resistance and presence of

netBin these isolates.

MATERIALS AND METHODS

Study design
Data were obtained from the Enhanced Surveillance Project [ESRarit® cross
sectional study (July 2010 lanuary 2012) aimed to understand the epidemiology of nine
viruses and four bacteria of importance to poultry health in Ontario, and investigfai@non
management and bgecurity practices, including antimicrobial use, associated with the presence
of these pathogen$he sampling frame included all quédtalding producers contracted with six
maj or processing plants in Ontario, represent
The target study size of 240 flocks was calculated based on idegtifgk factors for all 13
pathogens under investigation in the ES¥% confidence, 80% power, and an estimated

difference of 20% between tipeoportions of exposed and unexposed flocks with an estimated
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baseline prevalence of 20%0)nly one flock per fam was included to avoid issues associated

with autocorrelation among flocks within a farm.

The number of days each slaughter plant was visited per month was proportional to the
pl antés mar ket share of broil ergepPAlovaseusediong. M
randomly assign the date(s) on which each plant would be visited during-eeetkdperiod. In
coll aboration with the processing plants, the
chicken marketing board, provided lists obgucers processing at least one flock on each
sampling day to the research team. For each sampling day, a team member randomly selected a
flock from the list using numbered coins. The corresponding producer was invited to participate
in the study via phonédf the selected producer declined to participate, anothes&asted

using the same method.

The desired withifflock sample size (15 birds/flock) sufficient to detect all 13 pathogens
include in the ESP was determined using the formula to detecta@liseasa large population
¢ 1 01j1 B (90% confidence, withitlock prevalence of all thirteen pathogens = 15%).
Fifteen sets of whole intestines from each flock were collected conveniently from the
evisceration line of the processing plants. Tdsearch team, placed the tissues in Ziploc (S.C.
Johnson & Son, Racine, WI) or Wirlpak (Nasco, Fort Atkinson, WI) bags, and placed the bags in

a cooler onice.

When the flock was shipped in more than one truck, the tissue samples obtained from the
flock were evenly distributed among the trucks. When an equal number of tissues per truck was
not possible, a numbered coin toss randomly identified the truck from which the extra tissue was

collected. The whole intestines were processed immediately upon &omeathe plant using
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autoclaved instruments. To test or perfringensfive pooled samples (three ceacal content
swabs per pooled sample) per flock were submitted to the Animal Health Laboratory (AHL) at
the University of Guelph for bacterial cultus:md subsequent genotyping and MIC testing. A
few days following sample collection, team members interviewed the producer in a person via

guestionnaire, and data were obtained on the general characteristic of the farming operation.

Laboratory methods

Bacteral culture and genotyping testing were conducted as describ@tdigmers et al.,
(2008a) Briefly, caecal swabs wemllected using BD ESwab8écton Dickinson
Microbiology Systems, Sparks, MDa sterile package that consists tfilbe containing 1mL of
Liquid Amies transport medium and a specimen collection s&abh specimen was placed
onto ShahidiFerguson perfrigens selective medium plates (Becton Dickinson Microbiology
System, Sparks, Maryland) and incubated anaerobically at 37°C foC#fridium perfringens
were identified by inverse CAMP reaction. Multiplpglymerase chain reactigRCR) testing
wasused o i denti fy genes encoding for the four
toxin. Realtime PCR was conducted on @ll perfringenssolates (one isolate per sample) to

identify netB(Chalmers et al., 2008a)

Antimicrobial susceptibility testing was performed onQllperfringenssolates as
described by Slavic et g2011) Minimum inhibitory concentration testing was conducted using
the microbroth dilution method on 9@ell avian plates (intended for veterinary diagnostic
purposes) (Trek Diagnostic Systems, Cleveland, Ofiwe avian plates contained the following
antimicrobialsand dilution ranges (pg/ml): ceftiofur (0.2%), enrofloxacin (0.12 2),
erythromycin (0.12 4), tylosin tartrate (2.520), amoxicillin (0.25 16), penicillin (0.06 8),

florfenicol (17 8), oxytetracycline (0.258), tetracycline (0.25 8), andclindamycin (0.5 4).
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Minimum inhibitory concentrations for bacitracin (0.01256 pg/ml) were determined using

the EtestE according to the manufacturerds in

Statistical analysis

Data were received from tieHL in a Microsoft Excel 2007 worksheet (Microsoft,
Redmond, Washington). STATA IC 13 (STATA Corporation, College Station, TX) was used to
perform all statistical analyses. Univariable logistic regression models with flock as a random
effect were used toetlermine the association between antimicrobial resistance and presence of

netBin isolates, usingO 0. 05 to determine the ovlewlal | si gl

variance was estimated using the latent variable techniqué with——(, = flock-level

variance, and- the fixed error variancgPohoo et al., 2009)o assess homoscedasticity, a

scatter plot of the best linear unbiased predictions (BLUPS) was examined. The normality was

assesstusing a histogram and a normal quantile (fathoo et al., 2009)

Interpretation of minimum inhibitory concentrations
Standardized guidelines taterpret MIC values fo€. perfringensare not well
established. The MI&§g and MIG, were used to describe the susceptibility of isolates to all
antimicrobials. We used, where available, the interpretive criteria available by CLSI for
antimicrobial suscefbility testing of anaerobic bacter{2004)and breakpoints available in the
published literaturéGiguere et al., 2006Y he isolates were classified as susceptible and
resistant based on breakpoints established for anaerobic organisms by the Clinical and
Laboratory Standards Institute (CL$2004)for amoxicillin (Susceptible§) O Olntémediate
(D=1,ResistantR) O 2), penicillin (S O 0.5, |1 = 1, R (

tetracycline (S O 4, | = 8, B O 8p),Thedisbi a
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classified as susceptible and resistant basgulibiishedbreakpointgGiguere et al., 2006pr

ceftiofur (SO 2=, 41, Resistant (R) O 8), enrofloxacin
05/ 1=1-4, R O 8), tylosidn, tRarQ r8at,e ansd C [00.r5f,e nli c=
32) . For bacitracin, a b rggestkdbypraeviousresearc® 16 Og/ m
(Slavic et al., 2011)For the purposes of this study, isolates with intermediate resistanee

alsoclassified as resistaffGantz, 201Q)Multiclassresistance was defined as resistance to three

or more antimicrobial classes.

RESULTS

Genotypes ofC. perfringensisolates.A total of 629C. perfringengsolates were
recovered from 181 of 231aditks (78.4%; 95% Confidence Interval (Cl): 73.0 to 83.7%). All
recovered isolates were type A, except one, which was type EpbAgene was detected in at
least one isolate from 143 of 231 flocks (61.9%; 95% CI: 55.6 to 68.2%) and in 533 of 629
isolateq(84.7%; 95% CI: 81.9 to 87.6%). ThetBgene was detected in at least one sample from
71 of 231 flocks (30.7%; 95% CI: 24.7 to 36.7%Nd in 169 of 629 isolates (26.9%; 95% CI:
23.4 to 30.3%). All of the isolates tested negative for the enterotoxin gene

Proportion of antimicrobial resistant isolates Resistance was detected to eight of 11
antimicrobials tested (72.7%). The MICs for 829perfringensgsolatesto ceftiofur,
erythromycin, tylosin tartrate, penicillin, florfenicol, oxytetracycline, tetddiog, and
clindamycin, bynetBstatus, are shown ifable 4.1. Isolates were resistant to ceftiofur (49.4%;
95% CI: 45.5 to 53.3%), erythromycin (62.3%; 95% CI: 58.5 to 66.0%), tylosin tartrate (18.8%;
95% CI: 15.9 to 22.0%), penicillin (0.16%; 95% CI0®o 1.1%), oxytetracycline (64.5%; 95%
Cl: 60.7 to 68.2%), tetracycline (62.2%; 95% CI: 58.2 to 65.9%), clindamycin (21.1%; 95% CI:
18.1 to 24.5), and bacitracin (82.2%; 95% CI: 79.0 to 85(%ble 4.2). Clostridium
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perfringensnetBpositive isolates we resistant taeftiofur (55.6%; 95% CI: 48.0 to 63.0 %),
erythromycin (53.9%; 95% CI: 46.3 to 61.3%), tylosin tartrate (19.5%; 95% CI: 14.2 to 26.2%),
oxytetracycline (87.6%; 95% CI: 81.7 to 91.8%), tetracycline (90.5%; 95% CI: 85.1 to 94.1%),
clindamycn (17.2%; 95% CI: 12.2 to 23.6%), and bacitracin (61.5%; 95% CI: 54.0 to 68.6%)

The MICspand MIG,, of C. perfringensgsolatesfor 11 antimicrobial@re shown in
Table 4.3, by importance of the antimicrobials to animal health, as classified by the World
Organisation for Animal Healt{f2004) Five hundredand eighty-three of 629 isolates (92.7%;
95% CI: 90.6 to 94.7%) were resistant to more than one antimicrobial-@igtynulticlass
resstance profiles of. perfringensisolates were foun(lable 4.4). Four hundreéandone of
629C. perfringenssolates were multiclass resistant (63.7%; 95% CI: 59.9 to 67.4%). The most
common multiclass resistance pattern amdhgerfringenssolates waresistance to
macrolides, tetracyclines, lincosamides, and polypeptides (77 of 401 isolates; 19.2%; 95% CI:
15.6 to 23.4%). One hundred and nine of A6 positive isolates were multiclass resistant
(64.5%; 56.9 to 71.4%). The most common resistan¢épaamongetBpositive isolates was
resistance tonacrolides, tetracyclines, cephalosporins, and polypeptides (19 of 109 isolates;
17.4%:; 11.3 to 25.9%).

Antimicrobial use and resistanceThe flocklevel prevalence of antimicrobial use in the
feed and weer, and at the hatchery has been described previously (Chapter 3 [AMU]). Twelve of
311 ceftiofur resistant isolates (3.9%; 95% CI: 2.2 to 6.7%) were recovered from flocks
administered ceftiofur at the hatchery. One hundoedteen of 378 erythromycin rigsant
isolates (30.2%; 95% CI: 25.7 to 35.0%), 65 of 113 tylosin resistant isolates (57.5%; 95% CI:
48.2 to 66.3%), and 76 of 128 clindamycin resistant isolates (59.4%; 95% CI: 50.6 to 67.6%)

were recovered from flocks administered tylosin in the feesk & 406 and 391 isolates

130



resistant to oxytetracycline (1.3%; 95% CI: 0.5 to 3.0%) and tetracycline (1.3%; 95% CI: 0.5 to
3.0%), respectively, were recovered from one of two flocks (0.9%; 95% CI: 0.2 to 3.5%)
administered oxytetracycline or tetracyclimethe water. A high proportion of bacitracin
resistantC. perfringenssolates were recovered from flocks administered bacitracin in the feed
or water (333 of 498 isolates; 66.9% (95% CI: 62.6 to 70.9%).

Associations betweemetB and antimicrobial resistance. The presence ofetBwas
positively associated with resistance to oxytetracycline (OR = 13.86; 95% CI: 5.11 to 37.60, p =
0.001), and tetracycline (OR = 21.13; 95% CI: 7.67 to 58.23, p = 0.001), and negatively
associated with resistance to erythromy€mR = 0.38; 95% CI: 0.16 to 0.70, p = 0.004),
clindamycin (OR = 0.28; 95% CI: 0.09 to 0.86, p = 0.027), and bacitracin (OR = 0.21; 95% CI:
0.09 to 0.53, p = 0.001Table 4.5). Flocklevel residuals of models investigating presence of
netBand resistance erythromycin, tylosin tartrate, oxytetracycline, tetracycline, clindamycin,
and bacitracin were mmormally distributeda high intraclass correlation coefficient was found
for erythromycin (0.76), tylosin tartrate (0.76), oxytetracycline (0.77gadgtline (0.72),

clindamycin (0.76), and bacitracin (0.71).

DISCUSSION

We determined the MICs &. perfringengsolates obtained from a representative
sample of Ontario broiler flocks to 11 antimicrobia$ostridium perfringenssolates were
resistanta six critically important antimicrobials to veterinary medicine (as defined by the
World Association for Animal HealtfOIE) (2004) ceftiofur, tylosin tartrate, erytbmycin,
penicillin, oxytetracycline, and tetracycline), and two highly important antimicrobials to
veterinary medicine (bacitracin and clindamyciil).i solates were susceptible to three critically
important antimicrobials to veterinary medicine (ennadfloin, amoxicillin, and florfenicol).

131



Ceftiofur, enrofloxacin, erythromycin and tylosin are also members of classes critically
important to human medicine, as defined by the World Health OrganiZataa) We

recognize that our MIC results are not necessarily indicative of the clinical efficacy of these
antimicrobials. Previous studies used various methods of MIC interpretation to determine
antimicrobial resistace of isolates, including European Antimicrobial Susceptibility testing
(EUCAST) criteria, CLSI, and assessment of the MIC distribution. Resulisperfringens
sucepitbiltystudies should be interpreted with caution due to the lack of standardizedlsnetho
interpretC. perfringenssusceptibility.

Resistance to ceftiofur was common am@ngperfringenssolates in our study.
Resistance to ceftiofur was not limited to flocks administered ceftiofur at the hatchery,
suggesting that resistance might be aseguence of widespread use of the drug argklExtion
of resistance genes located on the same genetic element. Ceftiofur is not approved for use in
chick production by Health Canada; however, veterinarians may legally prescribe drugs for
extralabel usgDiarra and Malouin, 2014; Munro, 2014eftiofur is sometimes mass
administered irovo or to individual chicks in hatcheries to prevent ysdic infection, a disease
caused byscherichiacoli that leads to eby chick mortality(Diarra and Malouin, 2014)n
May 2014, the Chicken Farmers of Canadposed dan of ceftiofur for egg and chick
inoculation, because of public health concern that the use of ceftiofur in food animate lead
resistance toextendedp e ct r um c e p h a | -tadams, méludiisg thase dsedad trieat r
human infectiongMunro, 2014; Shaheen et al., 201Byture studies should determthe effect

of theban of ceftiofuruseat the hatcherievel onresistance to ceftiofur i€. perfringens

All C. pefringensisolates in our study were susceptible to enrofloxacin. This is not
surprising given that flocks in our study did not receive eaxattin in their feed or water
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(Chapter 3 [AMU]).Our findings were in line with studie®nducted orC. perfringenssolates
obtained from broiler chickens in Brazil (0.0%) and Belgium (0.0%), and layer chickens (0.0%)
and turkeys (2.0%) in Germax@ad et al., 2012, 2011; Llanco et al., 2012; Gholamiandehkordi
et al., 2009)Our findings were in contrast to a study conducted in Jordan that demonstrated a
comparatively higher MIg( 8 ¢ g/ mlg( Ga n2d5 §\vH fiingmttributed to the use of
enrofloxacin in chicken productid@haraibeh et al., 2010)he Chicken Farmers of Canada
announced that the use of enozficin in chicken production is also under a voluntzan as of

May 2014(Alberta Chicken Producers, 2014)

All C. perfringengsolates in our study were susceptible to florfenicol. This is not
surprising given that flocks in our study didt receive florfenicol in the feed or wa{&@hapter
3 [AMU]). Our findings are in line with previously reported susceptibilitCoperfringens
isolates obtained from broiler chickens in Ontario, Canada (0.0%), and Belgium (0.0%)
(Gholamiandehkordi et al., 2009; Slavic et al., 201l xontrast to our findings, the study in
Jordarnreported comparatively higher M§g8 pg/ml and MiGy32 pg/ml for florfenicol

(Gharaibeh et al., 2010)

All C. perfringenssolates in our study were susceptible to amoxicillin and a low
proportion of isolates werresistant to penicillin. Our findings are in agreement with previous
research that suggests tRaperfringenssolates are susceptible to antimicrobials in the
penicillin clasgGad et al., 2012, 2011; Gharaibeh et al., 2010; Watkins et al., 1997; Dutta and
Devriese, 1980)Flocks in our study were not commonly administered antimicrobials in the
penicillin class in théeed or wate{Chapter 3 [AMU]) Similar to our findings, previous studies

from the United States, Ontario, Canada, and Brazil reported lowMi@ MIGCy for
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amoxicillin and penicillin; however, Jordan reported low Mj@&nd high MIG for amoxicillin

and penicillin(Gad et al., 2012, 2011, Slavic et 2011; Watkins et al., 1997)

A high proportion ofC. perfringendsolates were resistant to erythromycin, and a
moderate proportion of isolates were resistant to clindamycin and tylosin. While flocks in our
study were not commonly administered tylosirhair feed(Chapter 3 [AMU]), ahigh
proportion ofC. perfringendsolates resistant to erythromycin, clindamycin, and tylosin were
recovered from those flocks administered tylosin in the feed, suggesting selection of acquired
resistance to macrolides.gher proportion o€. perfringenssolates were resistant to
erythromycin, clindamycin, and tylosin in our study in comparison to previous reg€adtet
al., 2012, 2011; Gholamiandehkordi et al., 2009; Slavic et al., 20h&}¥e differences might be
due to differences in the number of farms sampled, number of istdated, or antimicrobials
used. In Ontario, Canada, Slavic et al. (2011) reported low proporti@effringens
resistance to clindamycin (2.0%) and erythromycin (2.0%). In Belgiurt, agkrfringens
isolates obtained from broiler chickens were susislepto tylosin and erythromycin
(Gholamiandehkordi et al., 2009)n Germany, alC. perfringenssolates obtained from layer
and turkey flocks were susceptible to tylosin; however, for erythromycin, a high proportion of
isolates were in the intermediate range (%), and a low proportion @dolates were in the
resistant range (5 to 17%}ad et al., 2012, 20L1$imilarity in resistance pattern for
antimicrobials within the macrolidelincosamide streptogramin family is not surprising given
a mmmon genetic basis of resistance. As previously suggested by Slavic et al. (2011), this
similarity in resistance pattern is likely due to the presence @rth®gene(Slavic et al.,

2011)
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A high proportion of isolates were resistant to oxytetracycline d@ratieline in our
study. Previous studies @ perfringenssolates from broiler chickens showed varied
susceptibility to tetracycline amor@y perfringensisolates obtained from Denmark (10.0%),
Norway (29.0%), Ontario, Canada (62.0%), Belgium (67.0%dg,%weden (76.0%)
(Gholamiandehkordi et al., 2009; Johansson.e2804; Slavic et al., 2011 Germany, 100%
of C. perfringensisolates obtained from layers and turkey flocks had intermediate resistance to
tetracycling(Gad et al., 2011)letracycline rsistant isolates have been shown to carry one or

more of four resistance genést(P), tet(K), tet(L), andtet(M) (Sasaki et al., 2001)

Our findings indicate that. perfringensresistance to bacitracin is common. This is in
agreement with previous studies that reported a high proportion of bacitracin resistance among
C. perfringenssolates obtained from Ontario broiler chickens (649%.1%), and in contrast to
low propotions of resistance reported in European countrie$5%) (Chalmers et al., 2008b;
Johansson et al., 2004; Slavic et al., 200U findings were not surprising givdmat bacitracin
was commonly administered in the feed to prevent diseases duringpgtd@hapter 3 [AMU).

The low proportions of resista@t perfringensisolates to bacitracin might be attributed to the
limited use of bacitracin in broiler chicken pration in European countries. A study in Québec
Canada demonstrated tlatperfringenssolates with MICs > 256 pg/ml were positive for four

bacitracin resistance genéscA bcrABG berD, andbcrR (Charlebois et al., 2012)

A high proportion ofC. perfringenssolates, includingnetB positive isolates, were
multiclass resistant. A rise in multiclass resistant strails perfringensmight impact future
effectiveness of antimicrobials, and potentially lead to significant economic losses to the broiler

industry. Waste material comtgnated with antimicrobial resistant bacteria may spread in the
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environment and increase the risk of acquired resistance among pathogenic bacteria and between

animal speciefOsterberg and Wallinga, 2004)

Resistance to oxytetracycline datetracycline were positively associated with the
presence ofetB and resistance to erythromycin, clindamycin, and bacitracin were negatively
associated with the presencenetB All C. perfringensoxin-typing genes are located on
plasmids (b, o, U), except for the gene encod
chromosoméKatayama et al., 1996; Petit et al., 199)enetBgene is located on a
conjugative plasmid, which increases its likelihood of transf&. fwerfringenswithoutnetBand
other bacteridLepp et al., 2013)The selective advantage of multidrug resistant strains might

contribute to the creation of a hypervirulent strailCoperfringens

Our study contributes to the understangpof antimicrobial susceptibility o.
perfringensirom Ontario broiler chicken flocks. Our findings show decreased susceptibility to
eight antimicrobials of importance to veterinary medicine. Antimicrobial resistance is a concern
because of its impacnhaluration and severity of diseases and risk of treatment failure in both
animals and humans. The resistance detected is likely to be at least partially attributable to the
use of antimicrobials by the broiler industry. Further molecular studies shousttreze the
distribution of specific resistance genes am@ngerfringenssolates, and investigate the
associations between antimicrobial use and resistance. Preservation of antimicrobials that are
used in the treatment of infections in human and weter medicine should be of the highest
priority with more efforts towards supporting research for the development of alternative
methods of disease prevention, such as vaccines, probiotics, and prebiotics, which aim to

stimulate the microbial gut flora dnmprove the immunity of chickens to diseases of concern.
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Table4.1 The distribution of the minimum inhibitory concentrations (MICs) that inhibited the growth c€B2®&idium perfringens
isolates recovered from 231 randomly selected Ontario broiler chicken flocks between July 2010 and January 2012, by presence of

netB(n = 629).

MICs (ug/ml)
ATM Presence 0.03 0.06 0.125 0.25 05 1 125 2 25 4 5 8 10 16 20
of netB
TIO netB? 7* 3 27 69 137 217
netBt " 2% 3 7 25 38 94'
Al © 9* 6 34 94 175 311
ENR netB 24* 339 93 4 0
netB+ 3* 121 41 4 0
All 27* 460 134 8 0
ERY netB 0 0 1 158 | 196 17 88
netB+ 0 0 3 75 57 5 29'
All 0 0 4 233 | 253 22 117"
TYL netB 371* 0 1 0 88'
netB+ 140* 0 1 0 28'
All 511* 0 2 0 116'
AMX netB 460* 0 0 0 0 0 0
netB+ 169* 0 0 0 0 0 0
All 629* 0 0 0 0 0 0
PEN netB 294" 99 63 3 0 1 0 0
netB+ 94 47 21 6 1 0 0 0
All 388 146 84 9 1 1 0 0
FFEN netB 20 426 14 0
netBt+ 20* 149 0 0
All 40* 575 14 0
OXY netB 4 0 0 0 23 175 258'
netB+ 1 0 0 0 3 17 148'
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MICs (ug/ml)

ATM Presence 0.03 0.06 0.125 0.25 0.5 1 1.25 2 2.5 4 5 8 10 16 20
of netB
All 5 0 0 0 26 192 406'
TET netB 4 0 1 0 31 186 2381
netBt+ 1 0 0 0 5 10 153
All 5 0 1 0 36 196 391
CLI netB 243* 76 26 11 104
netBt+ 65* 56 18 1 29'
All 308* 132 44 12 133

ATM 8 antimicrobial; TIOd ceftiofur; ENR® enrofloxacin ERY d erythromycin; TYL® tylosin tartrate; AMXd amoxicillin; PENS penicillin; FFNo

florfenicol; ENRO enrofloxacin; OXYd oxytetracycline; TET tetracycline; CLI6 clindamycin.

#Number ofC. perfringendgsolates negative faretB

® Number ofC. perfringenssolates positive fonetR

“Number ofC. perfringensisolates.

The grey areas indicate the range of dilution testing for each antimicrobial.

Vertical lines indicate the breakptivalue separating resistant and susceptible isolate.

The double vertical line indicates that the |l owests,diRl WOt ilgn tleotlad efsornt hta)
considered susceptible.

(*)indicat es that the isolates adjacent to this symbol wespdndingtonderdratign. i nhi bi t ed
() indicates that the isolates adjacent to this symbol were inhibited at a concentration equal of @atert han t he corresponding conce
Bacitracin was excluded from this table due to its wide range of testing.
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Table4.2. The number and proportion of susceptible and resiSlastridium perfringenssolates obtained from commercial broiler

chicken flocks sampled at processing between July 2010 and January 2012 in Ontario, Canada (n = 629).

Antimicrobial Presence ohetB No. of S isolated No. of R isolates’ % S isolates (95% CI)' % R isolates (95% CI)*
Ceftiofur netB? 243 217 52.8 (48.2, 54) 47.2 (42.6, 51.8)
netB+° 75 94 44.4 (37.0, 52.0) 55.6 (48.0, 63.0)
Totaf 318 311 50.6 (46.6, 54.4) 49.4 (45.5, 53.3)
Enrofloxacin netB- 460 0 100.0 0.0
netB+ 169 0 100.0 0.0
Total 629 0 100.0 0.0
Erythromycin netB- 159 301 34.6 (30.3, 3®) 65.4 (61.0, 70.0)
netB+ 78 91 46.1 (38.7, 53.7) 53.9 (46.3, 61.3)
Total 237 392 37.7 (34.0, 41.5) 62.3 (58.5, 66.0)
Tylosin tartrate netB- 375 85 80.7 (73.8, 85.8) 19.5(14.2, 26.2)
netB+ 136 33 80.5 (73.8, 85.8) 19.5 (14.2, 26.2)
Total 511 118 81.2 (78.0, 84.1) 18.8 (15.9, 22.0)
Amoxicillin netB- 460 0 100.0 0.0
netB+ 169 0 100.0 0.0
Total 629 0 100.0 0.0
Penicillin netB- 459 1 99.8 (98.5, 99.9) 0.2 (0.03, 1.5)
netB+ 169 0 100.0 0.0
Total 628 1 99.8 (98.9, 99.9) 0.16 (0.021.1)
Florfenicol netB- 460 0 100.0 0.0
netB+ 169 0 100.0 0.0
Total 629 0 100.0 0.0
Oxytetracycline netB- 202 258 43.9 (39.4, 48.5) 56.1 (51.4, 60.6)
netB+ 21 148 12.4 (8.2, 18.3) 87.6 (81.7,91.8)
Total 223 406 35.5(31.8, 39.3) 64.5 (60.7, 68)
Tetracycline netB- 222 238 48.3 (43.7, 52.8) 51.7 (47.2, 56.3)
netB+ 16 153 9.5 (5.9, 15.0) 90.5 (85.1, 94.1)
Total 238 391 37.8(34.1, 41.7) 62.2 (58.2, 65.9)
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Antimicrobial Presence ohetB No. of S isolated No. of R isolates’ % S isolates (95% CI)' % R isolates (95% CI)?
Clindanycin netB 356 104 77.4 (73.3, 81.0) 22.6 (19.0, 26.7)

netB+ 140 29 82.8 (763, 87.8) 17.2 (12.2, 23.6)

Total 496 133 78.9 (75.5, 81.9) 21.1(18.1, 24.5)
Bacitracin netB 36 424 10.2 (7.8, 13.3) 89.8 (86.7, 92.2)

netB+ 76 93 38.5(31.4, 46.0) 61.5 (54.0, 68.6)

Total 112 517 17.8 (15.0, 21.0) 82.2 (79.0, 85.0)

%|solates peitive fornetB
®|solates negative faretB
“Number ofC. perfringensisolates.
4 Number of susceptible isolates inhibited by the antimicrobial.
® Number of resistant isolates not inhibited by the antimicrobial.
"Proportion and 95% confidence intergdisusceptible isolates.

9 Proportion and 95% confidence interval of resistant isolates.
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Table4.3. TheMICspand MIGyof 629C. perfringensgsolates recovered from 231 randomly selected Ontario broiler chicken flocks

between July 2010 and January 2ddy2yeterinary importance according to the World Organisation for Artitealth (OIE)(2004)

OIE Category  Class Antimicrobial MIC 5,2 MIC oo°
VCIA Cephalosporia3™ generation Ceftiofur 2 >2
VCIA Fluoroquinolones Enrofloxacin 0.12 0.25
VCIA Macrolides Erythromycin 1 >2
VCIA Macrolides Tylosin tartrate O 1.25 >10
VCIA Penicillins Amoxicillin O 0.12'0 0.12
VCIA Penicillins Penicillin O 0.03 012
VCIA Phenicols Florfenicol 1 1
VCIA Tetracyclines Oxytetracycline >4 >4
VCIA Tetracyclines Tetracycline >4 >4
VHIA Lincosamides Clindamycin 0.5 >2
VHIA Polypeptides Bacitracin > 256 > 256

VCIA & Veterinary Critically Important Antimicrobial&/HIA & Veterinary Highly Important Atimicrobials.
4The MIG is the median value representing the concentration that inhibits the growth of 50% of isolates.
® The MICy s the value representing the concentration that inhibits the growth of 90% of isolates.
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Table 44. The multiclass restance profilse of Clostridium perfringenssolatesobtained from 231 randomly selected commercial

Ontario broiler flocks between July 2010 and January 2012 tested using aviaf plates

Antimicrobial Class

Number of Macrolides Tetracyclines Lincosamides 3 generation Polypeptides Penicillins Multi -class  No. (%) of

antimicrobials Cephalosporins drug isolates”
resistance

C. perfringensisolategn = 629)

0 No 3(0.5)

1 X No 38 (6.0)

1 X No 2(0.3)

1 X No 11 (1.7)

1 X No 3(0.5)

2 X X No 19 (3.0)

2 No 64 (10.2)

2 X No 13 (2.1)

2 X X No 57 (9.1)

2 X X No 4 (0.6)

2 X X No 2 (0.3)

2 X X No 12 (1.9)

3 X X X Yes 63 (10.0)

3 X Yes 1(0.2)

3 X Yes 1(0.2)

3 X Yes 37 (5.9)

3 X Yes 21 (3.3)

3 X X Yes 1(0.2)

3 X X X Yes 68 (10.8)

3 X X X Yes 25 (4.0)

3 X X Yes 20 (3.2)

4 X Yes 3(0.5)

4 X X X X Yes 22 (3.5)
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Antimicrobial Class

Number of Macrolides Tetracyclines Lincosamides 3 generation Polypeptides Penicillins Multi -class  No. (%) of

antimicrobials Cephalosporins drug isolates”
resistance

C. perfringensisolateg(n = 629)

4 X X X X Yes 77 (12.2)

4 X X Yes 18 (2.9

4 X X Yes 15 (2.4)

5 X X X Yes 1(0.2)

5 X X X Yes 28 (4.5)

netbpositive isolates (n = 169)

1 X No 4 (2.4)

1 X No 9(5.3)

2 X X No 3(1.8)

2 No 22 (13.0)

2 X X No 11 (6.5)

2 X No 1(0.6)

2 X No 21.2)

2 X No 8 (4.7)

3 Yes 27 (16.0)

3 X Yes 2(1.2

3 X X Yes 17 (10.1)

3 X X X Yes 15 (8.9)

3 X X X Yes 10 (5.9)

4 X X X Yes 19 (11.2)

4 X X Yes 4(2.4)

4 X X Yes 10 (10.9)

5 X X X X X Yes 5 (3.0)

Third generatiorcephalosporia(ceftiofur); Macrolides (erythromycin, tylosin tartratBenicillins (penicillin); Tetracyclines (oxytetracycline, tetracycline);
Lincosamide (clindamycin).

#Minimum inhibitory concentration (MIC) testing was conducted usimgnticrobroth dilution method on 98ell avian plates (Trek Diagnostic Systems,
Cleveland, Ohio)

® Number and proportion of isolates
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Multi-class drug resistance was defined as resistance to three or more antimicrobial classes
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Table 4.5. Univariable mixedadjistic regression models with a random intercept for flock for the association between the presence of
netBand resistance to seven antimicrobials anfongerfringenssolates obtained from 231 randomly selected commercial Ontario

broiler flocks betweeduly 2010 and January 2012.

Antimicrobial Odds ratio P-value of Odds Ratid® 95% Confidencelnterval Of Odds
Ratio

Ceftiofur 1.89 0.049 1.00, 3.56

Erythromycin 0.38 0.004 0.16, 0.70

Tylosin tartrate 0.89 0.812 0.32,2.41

Oxytetracycline 13.86 0.001 5.11, 37.60

Tetracycline 21.13 0.001 7.67,58.23

Clindamycin 0.28 0.027 0.09, 0.86

Bacitracin 0.21 0.001 0.09, 0.53

Boldedpval ues were 605gni ficant at p O
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ABSTRACT

Clostridium perfringenss the bacterium responsible for necrotic enteritis, an
economically sigificant disease that occurs in broiler chickens. The objectives of this cross
sectional study were to investigate factors associated with the presé€hgeeofringengand
with the presence afetBamongC. perfringengositive flocks) in a representagiwample of
Ontario broiler chicken flocks. Five pooled samples of caecal swabs from 15 birds per flock from
231 randomly selected flocks were anaerobically cultured using standard technidties for
perfringens Realtime PCR was used to test isolatesrfetB Flock level data were collected
from producers through fage-face interviews, anbtbgistic regression models fitted with
generalized estimating equaticdsaccount for autocorrelation among samples from the same
flock were used to identify risk €&ors.Clostridium perfringensvas isolated from 181 of 231
flocks (78.4%95% CI: 73.0 to 83)7/ andnetBwas recovered from 71 of 1&1 perfringens

positive flocks (39.2%, 95% CI. 32.3 to 46.6).

The presence df. perfringensn a sample was positivessociated witlthe use of feed
containing saliomycin (OR = 1.84, p = 0.012), negatively associated with the use of feed
containing 3nitro and the usefdeed containing narasin/nidzazin (OR = 0.57, p = 0.037), and
variedsignificantlyby feed mill. Tre effect of tylosin on the likelihood @. perfringens
depended on the use of nicarbazin. On its own, the use of tylosin in the feed was negatively
associated with the presence®fperfringen§OR = 0.43, p #9©.009; however, when nichazin
was used ira flock, the use of tylosin was a positively associated @itperfringen{OR =

5.05, p = 0.007).

AmongC. perfringengositive flocks, the odds of an isolate testing positiven&iBalso

significantly varied by feed mill. The presencenetBin an solate was positively associated
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with the presence of a garbage bin at the barn entrance (OR = 3.07, 95% CI: 1.30to 7.26, p =
0.011), and negatively associated with the use of feed containing virginiamycin (OR =0.41, p =
0.040) summer season (vs. wintf¢OR = 0.31, p = 0.012), and increasing time spent monitoring

the flock (OR = 0.98, p = 0.041).

This study has identified potential factors associated with the prese@cgeifringens
among Ontario broiler chicken flocks, including feed mills, antiobhal use, management

practices, and season, which can be used to target filisgase intervention studies.

Key Words: Clostridium perfringensrisk factor; generalized estimating equations; broiler

chicken; biosecurity; antimicrobial use
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INTRODUCTION

Clostridium perfringensa grampositive, spordorming, obligate anaerobic bacterium, is
ubiquitous in the environment and a normal inhabitant of the intestinal tract of healthy animals
and humangRood et al., 1987; Willis, 1977¢lostridium perfringenss divided into five
genotypes, A to E, based on its ability to produce four lethal téxids] b a (Petit s 3l.,
1999) In 2008, a group of Australian scientists demonstrated that the NetB pooduced by a
gene calleahetB is an important virulence factor associated with the development of necrotic

enteritis in broiler chicken@eyburn et al., 2006, 2008, 2010)

Necrotic enteritis is a muiactorial disease that occurs following environmental
stressors and damage to the intestinal mucosa, particularly by coccidian spelkiasEsueria
maxima which facilitates the proliferation &. perfringensand subsequent tissue necrosis
(Kahn and Line, 2005Necrotic enteritis is an economically significant disease estimated to cost
the worldébés broiler industry approx(Vanderel y 2
Sluis, 2000) Subclinical necrotic enteritis results in poor digestion and absorption, impaired feed
conversion, and reduced live weigtt processingStutz and Lawton, 1984%igns of clinical
necrotic enteritis include depression, ruffled feathers, diarrhea, decreased feed consumption, and
sudden mortalityStutz and Lawton, 1984Mortality due to a necrotic enteritis outbreak can

vary from 2 to 50% within a flockkahn and Line, 2005)

In Ontario, Canaddhe genetic diversity of. perfringensn broilers has been
investigatedChalmers et al., 2008a, 2008b; Slavic et al., 201dyever, these studies were not
representative of the Ontario broiler population, as the data were collected from a single Ontario
farm (Chalmers et al., 20080} 8 farms associated with two Ontario processing pl(&ittalmers

et al., 20083)and laboratory case submissig¢8tavic et al., 2011)Further, studies investigating
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barn management and biosecurity factors associated with the preséngeedfingengand

netB among these flocksave not beeronducted.

Strategies to prevent necrotic enteritis and other diseases, in Ontario and elsewhere,
include the use of antimicrobials that target anaerobes and coccidian sgleaigsyith good
biosecurity and management practiCHse objectives of this gty were to 1) identify
associations between the presenc€.gerfringensand onfarm biosecurity and management
practices, including antimicrobial use, in a representative sample of Ontario broiler chicken
flocks, and 2) identify associations betwees pinesence afetBand onfarm biosecurity and

management practices, including antimicrobial use, aroegrfringengositive flocks.

MATERIALS AND METHODS

Study design

Data were obtained from the Enhanced Surveillance Project (ESP),-adaigecross
sectional study designed to determine the prevalence of 13 pathogens of importance to poultry
health, and to investigate the management and biosecurity factors associated with the presence of
these pathogens. The sampling frame included all enmthngbroiler producers contracted
with one provincial and five federal processi
processing; flocks originating from Québec were excludibd.sample size of 240 flocks was
based on identifyingsk factors for altL3 pathogens under investigation in the ESP (95%
confidence, 80% power, and an estimated difference of 20% betwegmioetions of exposed
and unexposed flocks with an estimated baseline prevalence of PO%®)oid autocorrelation

by farm only ae flock per farm was included.
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For logistical purposes, the -I8onth study (July 2010 to January 2012) was divided into
4-week periodsThe number of times each plant was visited peteék period was proportional
to the plant s mar ikgMinitablida(Mieitabdrfc., State Collége, PA)pr oc e s
was used to randomly assign the date(s) on which each plant would be visited during each 4
week period. In collaboration with the processing plants, the Chicken Farmers of ®iterio
pr ovi nc e 6 sketinghoaodkpeovidedrilze research team with a list of producers
scheduled to process at least one flock on each corresponding sampling date. For each sampling
date, a team member randomly selected one flock from the list using numbered coins, and
invited the corresponding producer to participate via telephone. If the producer declined the

invitation or had already patrticipated in the study, another flock was randomly selected.

The number of birds sampled per flock was 15, which was estimated using thé&aftom
detect disease from a large populaton (—wher e U = 10% andlock he expe

prevalence = 15%); this was deemed sufficient to detect all 13 pathogens under investigation in
theEnhanced Surveillance Projeétt the procssing plants, the research teaomveniently

selected 15 whole intestinfem the evisceration line, put them in Ziploc (S.C. Johnson & Son,
Racine, WI) or Whirlpak (Nasco, Fort Atkinson, WI) bags, and placed the bags in a cooler on
ice. To ensure goodpeesentation of the flock, the intestinal tissues were evenly collected
amongst the trucks. In situations in which a whole number was not possible, numbered coins
were used to select the truck(s) from which the extra tissue would be collected. The whole
intestines were sampled immediately upon return from the plant using sterile supplies, whereby
five samples per flock (5 pools of three caecal swabs per pool) were submitted to the Animal
Health Laboratory at the University of Guelph for bacterial cultudegemotyping tests (see

Laboratory methods below).
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A few days following sample collection, members of the research team interviewed the
producer in person via a twmart questionnaire (oral questions and transcribing information from
flock records). Data ere gathered on general characteristics ofltioi (e.g., breediarm
density,age at shipment, sex, and flock size) tarch operation (e.g., number of barns and
number of employees), barn structure (e.g., lalbr, and ceiling materialshiosecuriy
measures (e.g., use of dedicated footwear when entering the restricted area of the barn and
raising other livestock or poultry on the farm), pest control program (e.g., use of rodent traps and
fly screens), bedding and litter conditions, chick (hatchang) feed (feed mill company)
sources, and antimicrobials administered to the flock at the hatchery, and in the feed and water
during the growout period(Figure 5.1). The season of greaut was also recordd@hapter 2

[C. perfringengprevalencp.

Laboratory methods

All laboratory tests were conducted following standard Animal Health Laboratory
protocols at the University of Guel@ais described bghalmers et al. (2008aBriefly, caecal
swabs were collected using BD ESwaBedton Dickinson Microbiology Systems, Sparks,
Maryland. Each specimen was placed onto ShaR&tigusorperfringensselective medium
plates (Bectomickinson Microbiology Systems) and incubated anaerobically at 37°C for 24h.
Clostridium perfringengdentification was conducted by inverse CAMP reaction. g PCR
wasconducted on alC. perfringenssolates (one isolate per sampie)dentify netB(Chalmers

et al. 2008a)

Statistical analysis
Microsoft Office Excel 2007 (Microsoft Corporation, Redmond, Washingi@s) used

to manage the data. Laboratory results were received in PDF format and manually entered into
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an Excel spreadsheet. A second member of the research team confirmed the accuracy of the data

entry. Data were imported into STATA IC 13 (Stata Corpomat@ollege Station, TX) for

statistical analysis.

Because we selected only one isolate per sample for testing, the number of isolates is
equivalent to the number of samples positivedoperfringensA flock was considered positive
for C. perfringensft he bacterium was cultured from O 1
was considered positive foetBif at least one isolate tested positive rietB(Chapter 2 C.
perfringensprevalencp. For the data arising from the questionnaire, the medianimum, and
maximum values were used to describe continuous variables, and proportions were used to
describe categorical variables. For categorical variables, we did not consider variables for further
analysis if 95% or more of farms fell in one categdirg. variable had categories with few
observations, the categories were combined when appropriate or the variable was excluded from
further analysis. Pairwise correlations were examined using various correlation tests to identify
variables conveying theame information. Pairwise correlations wit®0.8| were investigated
and one variable was chosen from the pair based on greatest biological plausibility, fewest

missing observations, and highest quality of measurement.

A logistic regression model wastéd using ajeneralized estimating equation with an
exchangeable correlation structure, binomial digtrdn, logit link function to account for
autocorrelation among pooled samples from the same tiboicdlentify factors associated wit

perfringensFirst, variables were screened based on unconditional associations with the outcome

(0]

(presence/absence 6f perfringensat the sample level); variables withap | ue O 0. 2 wer

considered for inclusion in a multivariable model. Next, a manual backwardisteselection

model building approach was followed in which variables were removed from a full model one
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at a timepeginning with the variable with the highestalue, and the effect of its removal on

the coefficients of other variables in the model was investigated. Variables that wereasignif

at p O 0.05 or vatiablesbhaseeona changaORHaimtlk icaefficient of

another variable in the modehen removedvere retained in the model. The significance of
categorical vari abl %Bnallyalsninates sariablds were-déferagl towa | d 6 s
the model one at time, beginning witkethariable with the lowestyalue, and retained if the p

val ue was -way idteraktbns warevested between variables suspected to depend on

one another with respect to their relationship with the outcome (e.g., antimicrobial use, season,

and vetilation type; water lines flushed during grow out and drinker type). Interactions
significant at p O 0. 0 5-buiMding appraach as iusectadidentiyn i d e
factors associated with the presenceeiBamongC. perfringengositive focks (utcome:

presence/absence métBat the isolate levl

RESULTS

Description of the study population In total, 231 flocks (96% of the target sample size)
were enrolled in the study. Laboratory data were available for 231 flocks and questiortiaaire da
were available for 227 flocks. Despite multiple attempts to schedule interviews, four producers
were not available for an interview due to complicated daily schedtbesplete antimicrobial
use data were available for 221 of 227 flo(%s.4%)(Chapter3 [AMU]). Descriptive
characteristics of the study population have been described previGasigter 2 C. perfringens
prevalench. Briefly, the median flock size at placement was 25,092 birds and the median age of
the birds at processing was 38 daywoThundred and twentthree of 227 flocks (98.2%) were
raised in an alln-all-out system at the barn level, meaning that birds of the same age were

placed in the barn at the same time and then shipped to the processing plant at the same time.
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Three of 226roducers (1.3%) implemented a hand washing protocol for visitors yet not for

themselves.

Flock prevalence ofC. perfringens The prevalence dE. perfringensn this study
population has been described previol€lgapter 2 €. perfringengprevalench. Briefly, the
bacterium was isolated from 78.35% of 231 flocks and 54.55% of 1,153 samples. The number of
positiveC. perfringensamples out of five pooled samples per flock was 0 (50 flocks), 1 (23
flocks), 2 (28 flocks), 3 (34 flocks), 4 (32 flocks),®(64 flocks). For two flocks, only four
pooled samples were submitted to the laboratory because at the time of sample processing, the
intestinal tissues were damaged. Among the@8ferfringengositive flocks netBwas

recovered from 39.23% of thesedks and 26.87% of 629 isolates.

Variables associated withC. perfringens Variables associated with. perfringenson
univariable screening are shownTiables 5.1and5.2and include factors such as, chick source,
feed mill, biosecurity practices (use dédicated clothing and footwedrequency of barn
washing), management practices (ammonia level during-gugywse of misters, flock
monitoring), irfeed antimicrobial use, and age at slaugfitke final multivariable model is
shown inTable 5.3 Thepresence o€. perfringensn as samplevaspositively associated with
the use of feed containing salimomy¢®R = 1.84, p = 0.012negatively associated with the
use of feed containing@itro and the usefdeed containing narasin/nidzazin(OR = 0.57p =
0.037) and varied by feed millhe effect of tylosin on the likelihood Gf. perfringens
depended on the use of nicarbazin. On its own, the use of tylosin in the feed was negatively
associated with the presence®fperfringenfOR = 0.43, p #.004); however, when nichezin
was used in #ock, the use of tylosin wgsositively associated wit€. perfringengOR = 5.05,

95% CI: 1.55 to 16.44, p = 0.007).
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Variables associated witmetB amongC. perfringenspositive flocks AmongC.
perfringenspostive flocks, variables associated witletBon univariable screening are shown in
Tables 5.2 and 5.4The final multivariable model is shown Trable 5.5 AmongC. perfringens
positive flocks, the odds of an isolate testing positiven&iBalso variedsignificantly by feed
mill. The presence afetBin an isolate was positively associated with the presence of a garbage
bin at the barn entranc®R = 3.07, 95% CI: 1.30 to 7.26, p = 0.011), and negatively associated
with the use of feed containingrginiamycin (OR = 0.4195% CI: 0.18 to 0.9y = 0.040)
summer season (vs. winter) (OR = 0.84% CI: 0.13 to 0.77f = 0.012) and increasing time

spent monitoring the flockOR = 0.9895% CI: 0.97 to 0.99 = 0.041)

DISCUSSION
Our study identified a nunap of factorsassociated with the presence®fperfringens
among a large, representative sample of commercial broiler chicken flocks in Ontario, and with
the presence afetBamongC. perfringengositive flocks. FoC. perfringensthese factors
included some feed mills, and the use of feed containartpinantimicrobials (nicarbazin,
tylosin, salinomycin, ditro, and narasin/nicarbazin combination). RetB these factors
included some feed mills, use of feed containing virginiamycin, season, avknagion of

monitoring the flock per visit, and presence of a garbage bin at the barn entrance.

We found that the presence®f perfringensandnetBvariedsignificantly by feed mill.
In our study population, significant associations were identifiedd®t chicken anemia virus
and some feed milliEregae, 2014 ¥urther,there were significant differences among feed mills
in the flock reovirus mean titre when controlling for the presence of chicken anemia virus and
seasor{Nham, 2013)In addition, in a 1998 Danish casentrol studyFlensburg eal., (2002)

identified feed mills as a risk factor for infectious bursal disease; it was suggested that the
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association was due to cressntamination from feed trucks and other equipment that could
have come in contact with geese and dulksotoxinsare common contaminants of poultry
feed(Antonissen et al., 2014 an experimental studgntonissen et al., (2014) demonstrated
thatfeed contaminate@ith mycotoxin deoxynivalenol (below 5,00@{kg feed)is a

predisposing factor for NE due to themageon the intestinal walthatlead tothe proliferation

of C. perfringensin addition,a moderate proportion of samples from swine feed has been found
to be contaminated witBlostridium perfringas (26 of 60 feed samples; 43.3¥anakaraj et

al., 1998)

Contamination of feed with anaerolfssich aClostridiumspp.)is considered a problem
during feed productiodue to the ability of spores to survive in extreme environmental
conditions and withstand cleaning, disinfection, hedting process€€asagrande et al., 2013,
Crawshaw and Feed, 2012; Manning et al., 20079sscontamination can occur during all
phases of feed production, including storage, processing, and mixing at the feed mill, or transport
(Crawshaw and Feed, 2012; Filippitzi et al., 20F&ed ingredients might be contaminated
before arriving at the feed mill by coming in contact with rodenigsects carrying the bacteria
in the field, or directly from manure used on plants or (€&riawshaw and Feed, 201Feed
ingredients could also be contaminated at the feed mill because of human error, handling
procedures, and plant laydiiilippitzi et al., 2016)Using a risk modelk-ilippitzi et al., (2016)
demonstrated that if medication is added to 2% eftotal animal feed per year in a country, an
additional 3.5% of the feed could inadvertently contain medication because ef cross
contamination at the feed mill or transport truck. Such practices have the potential to increase

opportunities for contaminian of feed ingredients. Further studies on feed mill biosecurity and
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management practices, and their potential role in disease transmission in the poultry industry are

warranted.

Several associations were identified between the preseeeffringensaandnetBand
the use of antimicrobialsome of which were unexpected. We found that the use of salinomycin
(antibacterial/coccidiostat) was positively associated @itperfringensn a flock, whereas the
use of 3nitro (an organoarsenic compound used asccidiostat) or a narasin/nicarbazin
combination (antibacterial/coccidiostat) were negatiaslyociateavith C. perfringens
Additionally, tylosin (bacteriostat) was negatively associated @itherfringenshowever, its
effect depended on the preserof nicarbazin (coccidiostat). The use of virginiamycin
(bacteriocidal) was negatively associated wighiBamongC. perfringengositive flocks.
Although we did not test for the presence of coccidia, our findings with respect to the use of
antimicrobia could be due to the relationship betw€emperfringensand coccidia, and
potential resistance of these organisms to antimicrobial agents. Coccidia cause mucosal damage
to the intestines, which provide perfringenghe opportunity to multiply and proda toxins
that can lead to necrogial-Sheikhly and Truscott, 1977, Aheikhly and AlSaieg, 1980)
lonophores, such as salinomycin and naraasie administered in the feed to prevent coccidiosis,
whereas antibacterials, such as virginiamycin and tylosin are administered in the feed to prevent
overgrowth of granpositive bacterigMoore et al., 1946; Prescott, 2006k) our study
population,C. perfringengsolates were resistant to tylosin (18.8% of isolates) and a number of
other antibacterials commonly used in the feed or water (EndpAMR C. perfringen).
Although we did not test for resistance to anticoccidalperfringenssolates obtained from
chickens in North America and Europe had relatively high levels of susceptibility to monensin,

narasin, and salinomycidohansson et al., 2004; Slavic et al., 2011; Watkins, t987)
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wherea€imeriaspp. isolated from broiler chickens in the Netherlands had reduced
susceptibility to various anticoccidials, including monensin and marasd increasing
resistance over tim@eek and Landman, 2008eed mills in Ontario commonly use shuttle or
rotation programs torpvent the development of resistanc&wheriaspp. to anticoccidals
(Smith, 1995) We recognize that our findings are only exploratory in nature and are not

synonymous with clinical antimicrobial efficiency.

AmongC. perfringengositive flocks, the riskfonetBwas significantly lower in the
summer compared to the wintamich was consistent with our findings from Chapte€2 (
perfringensprevalence)ThenetBgene, discovered by a group of Australian scientists in 2008,
is an important virulence factéor the development of necrotic enteritis. Studies conducted in
Norway and the United Kingdom showed significantly lower frequencies of necrotic enteritis
from April to September than October to Mafétermans and Morgan, 200Magne
Kaldhusdal and Skjerve, 1996h contrast, a review of laboratory case submissions conducted in
Ontario, Canada between 1969 and 1971 showed that broiler flocks were commamnbgeliag
with necrotic enteritis from July to October in comparison to other m@htimgy et al., 1974)
however, this is an older study and more current studies on the seasonality of necrotic enteritis in

Ontario are warranted.

AmongC. perfringengositive flocks, theisk of neB decreased with increasing duration
of monitoring the flockThis finding could be due to the extra attention provided by the producer
to the flock, in that a longer visit allows producers to spend more time observing their birds and
culling sick birds, thereby, reducing the pathogen load in the barn. The length of flock
monitoring could also be an indicator of biosecurity compliance, as a Québec study showed that

employees or visitors who entered the barn for longer than 5 minutes were ralyréolikear
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boots, coveralls, and wash their haflacicot et al., 2012)n Denmark, a study from 2012 and
2013 found that the majority dfoiler chickerfarms did not comply with at least oB&anish
guality assurance systerale (123 of 166 farms; 72.0%$andberg et al., 2017 the United
States, a survey found that biosecurity measusrs@mphasized more fdaroiler chickenfarm
visitorscomparedo farm personngDorea, 2010)In our study, management practices, such as
the use of dedicated clothing or footwear were negatively associate@ vadrfringenon

univariable analysis; however, these variables were not associated with the preseti8e of

The majority & producers in our study had a garbage bin at the barn entrance. The
presence of a garbage iignificantly increased the oddsmétBamongC. perfringengositive
flocks, but not among@. perfringengsolates Although the reason for this is unclearcauld be
related to the persistence of tetBstrain in the barn. Our findings might be due to differences
in the type of bins (e.g., covered or not covered), type of items placed in the bin that might attract
pests, the frequency of emptying the bimig grow-out, or the frequency of washing the bins
between flocks. Although we collected data on the types of items and the frequency of emptying,
the large amount of missing data for these variables precluded further analysis. Insects, including
darklingbeetles and flies, have been identified as a potential sourCe parfringensn broiler
barns(Craven et al., 2001%Given the identified associatiotgvering the bin and emptying and

washing it frequently might help to reduce the risketBamongC. perfringendglocks.

We identified several factors associated with the presenCepmdrfringensand/ornetB
at the univariable screening stage (including age at slaughtek, source, ammonia level
during growout, use of mistersise of dedicated clothing and footwear, &neduency of barn
washing) and although these variables were notimethin the final multivariable modelghey

wereworth further discussion sinagher studies have identified these as variables of interest.
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The prevalence . perfringensandnetBmay vary by age, and hatchery, because of
competition with other bacterand the influence of feed ingredients on the gut flora, and
improper handling at the hatchgighalmers et al., 2008b; Craven et al., 20Qitjle is known

about the relationship between high levels of ammoniaCamerfringensAdequate ventilation

has been suggestedthe most efficient way to reduce high humidity levels, wet litter, and
ammonia levelg¢Donald, 2010)In our study, the type of ventilation used in the barn (e.g., cross,
tunnel), litter gality, and humidity levels were not significantly associated with the presence of
C. perfringensor netB Misters are used to cool birds in hot weather to avoid high mortality
(Tabler et al., 2009)The effectiveness of misters in decreasing heat stress varies depending on
the amount oWater released on the chicken and the environigiattler et al., 2009)The

majority of Ontario chicken producers always wore dedicated clothing and footwear when
entering the barn. Our findings are in agreement with a survey on biosecurity protocols and
practices adopted by growens commercial poultry farms in Georgia, USA, which found that
producers recognized the importance of biosecurity protocols in disease prevention; however,

more emphasis was placed on visitors than on prod(idersa, 201Q)

The Enhanced Surveillance Project aimed to investigate the prevalence and risk factors
for a large number of pathogens, which required the collection of a sizeable number of factors on
flock management and biosecurity protocols. The use of mainly etsied questions in the
guestionnaire and the inclusion of an Aothero
producer to elaborate further, likely contributed to lower chances for misclassification bias. To
ensure the accuracy of the data being ctdtbahe questionnaire was validated and the
researchers were trained prior to administering the questioriGdiapter 2 C. perfringens

prevalench. Misclassification bias might have occurred if producers were not able to recall the
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specific managemenptactices they used for the flock of interest; however, recall bias was
minimized by visiting the producers within two to three days of sample collection, when

possible. When producers did not provide some of the information required during the interview,
they were telephoned later and efforts were made to collect the missing data. Multiple attempts
were made to reschedule the fagdace interview with producers who were not available for

the initial interview. Norresponse bias might have been a problem t hat a producer
willingness to enroll his/her flocks in the study might have been related to the presumed health of
the flock at the time of recruitment and/or completion of records for the flock of interest, which
might differ. It is a possibility tht some producers declined to participate in the study because

the research team members required access to flock records. Producers were informed that
confidentiality would be maintained and that the researchers would not enter the barn for
biosecurity rasons. Randomly recruiting flocks into the study and including a large sample size
was an effort to reduce selection bias and to maximize the power of the study. Collecting
approximately an equal number of samples from each truckload of birds shippeskdas u

ensure an accurate representation of the flock of interest; however, this method was labour
intensive as the time for sample collection at the processing plant varied depending on the speed

of the evisceration line of each processing plant anduhbar of trucks for each flock.

To our knowledge, this was the first study to investigate antimicrobial use, management,
and biosecurity factors associated withperfringensandnetBamong a representative sample of
commercial broiler chicken flocks. Wecommend that future studies investigate risk factors for
the presence @. perfringensfrom environmental samples obtained from Ontario feed mills.

Feed ingredients are a strong contributor to the overall health of broiler chickens and differences

in feed mill ingredient and procesgirshould be a priority for futurgtudies.
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Table5.1. Categorical variables associated with the presenCéosfridium perfringen#n
Ontario broiler chicken floks sampled at processing between July 2010 and January 2012, based

on univariabldogistic regression fitted with generalized estimating equatfon

Variable (No. of Flocks) Category Frequency Odds Ratio P-value of P-val ue (V
(%) (95% Odds Rafo & Test) of
Confidence Categorical
Interval) Variables
Feed mill (n = 222) A 23 (23.0) Referent 0.001
B 55 (55.0) 5.36 (2.37,12.08) 0.001
Cc 20 (20.0) 2.85(1.10, 7.44) 0.032
D 17 (17.0) 4.04 (1.48, 11.01) 0.006
E 11 (11.0) 6.63 (2.03, 21.67) 0.002
F 20 (20.0) 5.12 (1.93, 13.60) 0.001
G 42 (42.0) 3.14 (1.36, 7.23)  0.007
H 22 (22.0) 2.67 (1.04,6.83) 0.041
| 12 (12.0) 8.90 (2.68, 29.56) 0.001
Use of feed containing No 95 (43.0) Referent
nicarbazin (n = 221)
Yes 126 (57.0) 2.22 (1.05,4.67) 0.035
Use of feed containing tylosin  No 161 (72.9) Referent
(n=221)
Yes 60 (27.2) 0.52 (0.33,0.82) 0.005
Use of feed containing No 126 (57.0) Referent
salinomycin (n = 221)
Yes 95 (43.0) 1.45(0.96,2.19) 0.076
Use of feed containing-8itro No 136 (61.5) Referent
(n =221)
Yes 85 (38.5) 0.70 (0.46,1.06) 0.091
Use of feed or water containing No 203 (91.8) Referent

penicillin (n = 221)
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Variable (No. of Flocks) Category Frequency Odds Ratio P-value of P-val ue (V

(%) (95% Odds Rao & Test) of
Confidence Categorical
Interval) Variables
Yes 18 (8.2) 1.88(0.85,4.17) 0.118
Use of feed containing No 184(83.26) Referent
robenidine hydrochloride (n =
221)
Yes 37 (16.74) 1.62 (0.92,2.84) 0.095
Use of feed containing narasin No 160 (72.4) Referent
(n=221)
Yes 61 (27.6) 0.66 (0.42,1.05) 0.078
Use of feed containing No 116 (52.5) Referent
narasin/nicarbazin (n = 221)
Yes 105(47.5) 0.46 (0.30, 0.69) <0.001
Hatchery company (n =221) A 93 (42.1) Referent 0.054
B 75 (33.9) 1.67 (1.04,2.67) 0.034
Cc 53 (24.0) 0.94 (0.56, 1.57) 0.810
Ammonia level > 25 ppm, or  No 199 (88.1) Referent
notable nose/eye irritation, at
any time during growout (n=
226)
Yes 27 (12.0) 1.68 (0.86,3.28) 0.128
Use of dedicated clothing by ~ Never /sometimes 16 (7.1) Referent
owner (n = 227)
Always 211 (92.9) 0.53(0.23,1.22) 0.134
Use of dedicated footwear by Never/sanetimes 15 (6.6) Referent
owner (n = 226)
Always 211 (93.4) 0.45 (0.19,1.09) 0.076
Use of misters in all barns (n = Did not use misters 184 (81.1) Referent
227)
Used misters in all or 43 (18.9) 0.56 (0.34,0.94) 0.027

some barns

#Univariablelogistic regresen models were fitted using a generalized estimating equation with an exchangeable
correlation structure, binomial distribution, and logit link function to account for autocorrelation among pooled
samples from the same flack
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Table5.2. Continuous varidbs associated wit@lostridium perfringengmong Ontario broiler
chicken flocks (andietBamongC. perfringenspositive flocks) sampled at processing between
July 2010 and January 20I883sed on univariable logistic regression fitted with a generalized

edimating equatior.

Variable (No. of Median Min. Max. Oddsratio(95% P-val ue (\
Flocks) Confidence 6> test) of Odds
Interval) Ratio

C. perfringens

Age at shipment 38 31 53 0.96 (0.91,1.02) 0.169
(days) (n = 227)

Average duration 35 10 165 0.99 (0.97,1.00) 0.149
of monitoring
flock per visit
(minutes) (n =
226)

Frequency of
washing barmwith
high pressure per
year (n= 227)

N
o
~

1.06 (0.97,1.16)  0.187

netB

Ageat shipment 38 31 53 1.06 (0.98, 1.15) 0.130
(days) (n =179)

Average duration 35 10 165 0.99 (0.97,1.00) 0.060
of monitoring

flock per visit

(minutes) (n =

178)

@Univariable logistic regresion models were fitted usirgeneralized estimating equatnith an exchangeable
correlation structure, binomial distribution, and logit link function to account for autocorrelation among pooled
samples from the same flack
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Table5.3. The resulof a multivariablelogistic regression modétted using ageneralized
estimating equatiofiexaminingthe association betwe&lostridium perfringensind onfarm
management protocols, including antimicrobial use, among commercial brodke flocks
sampled at processing between July 2010 and January 2012 in Ontario, Canada (n = 1,068

samples from 214 flocks).

Variable Category Coefficient Odds Ratio  95% P-value of P-value
Confidence Odds Ratio ( Wald 6
Interval of test) of
Odds Ratio Categorical
Variables
Feed mill A Referent <0.001
B 1.49 4.43 1.84,10.64 0.001
C 0.23 1.26 0.43,3.71 0.675
D 1.18 3.26 1.12,9.44 0.029
E 1.60 4.93 1.41,17.28 0.013
F 1.92 6.79 2.40,19.28 <0.001
G 0.58 1.79 0.68, 4.73 0.238
H 0.89 2.31 0.85, 6.30 0.101
I 1.83 6.24 1.74,22.38 0.005
Use of feed No Referent
containing
nicarbazin
Yes 0.24 1.27 0.42, 3.88 0.675
Use of feed No Referent
containing tylosin
Yes -0.85 0.43 0.24,0.76 0.004
Interaction No Referent
beween
nicarbazin and
tylosin use
Yes 2.23 9.31 1.68,51.56 0.011
Use of feed No Referent
containing
salinomycin
Yes 0.61 1.84 1.14,2.97 0.012
Use of feed No Referent

containing 3nitro
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Variable Category Coefficient Odds Ratio  95% P-value of P-value
Confidence Odds Rato ( Wa | & 6

Interval of test) of
Odds Ratio Categorical
Variables
Yes -0.57 0.57 0.33, 0.97 0.037
Use of feed No Referent
containing
narasin/nicarbazir
Yes -0.63 0.53 0.33,0.86 0.010

@Themultivariable logistic regression modehs fitted using generalized estimating equation with an

exchangeable correlation structure, binomial diatidn, and logit link functiorto account for autocorrelation

among pooled samples from the same flock.

Model “W#186;Pcal ue (Waldoés test) O 0.001 (Significant at
The model 6s dleckdormiatiore=d0.3W0i t hi n
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Table5.4. Categorical variables associated with the presengetBamongC. perfringens
positive Ontario broiler chiadn flocks sampled at processing between July 2010 and January

2012,based on univariable logistic regression fitted with a generalized estimating eGuation

Variable (No. of  Category Frequency (%) Odds Ratio P-value of P-value
Flocks) (95% Odds Ratio ( Wa | ditésy
Confidence of Categorical
Interval) Variables
Feed mill (n = A 12 (6.9) Referent 0.001
175)
B 46 (26.3) 0.21 (0.05, 0.82) 0.025
C 15 (8.6) 1.95 (0.49, 7.69) 0.342
D 15 (8.6) 1.22 (0.30, 4.92) 0.781
E 10 (5.7) 0.27 (0.04, 1.91) 0.188
F 18 (10.3) 0.48 (011, 2.09) 0.327
G 32 (10.3) 1.59 (0.47,5.42) 0.454
H 16 (9.1) 0.47 (0.10, 2.15) 0.328
I 11 (6.3) 2.05 (0.49, 8.65) 0.327
Use feed No 134 (77.0) Referent
containing
virginiamycin (n
= 174)
Yes 40 (23.0) 0.44 (0.20, 0.98) 0.046
Use feed No 154 (88.5) Referent
containing
nicarbazin (n =
174)
Yes 20 (11.5) 2.43 (1.08, 5.49) 0.033
Use feed No 137 (78.7) Referent
containing
monensin (n =
174)
Yes 37 (21.3) 1.95 (1.00, 3.82) 0.051
Use feed No 101 (58.1) Referent
containing
narasin/nicarbazir
(n=174)
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Yes 73 (42.0) 0.34 (0.18, 0.66) 0.001

Use feed No 132 (75.7) Referent
containing
narasin (n = 174)
Yes 42 (24.1) 0.63 (0.31, 1.31) 0.224
Season (n = 179) Winter® 34 (19.0) Referent 0.046
Spring® 22 (12.3) 0.82 (0.32, 23) 0.685
Summer 59 (33.0) 0.34 (0.15, 0.79) 0.012
Fall® 64 (35.8) 0.46 (0.21, 1.00) 0.052
Presence of a No 44 (24.6) Referent

garbage bin at the
barn entrance (n =

179)
Yes 135 (75.4) 2.92 (1.28, 6.63) 0.011
Hatchery A 75 (42.9) Referent 0.018
company (n =
175)
B 62 (35.4) 0.35(0.16, 0.73) 0.005
C 38 (21.7) 0.83 (0.40, 1.76) 0.635

#Univariable logistic regresion models were fitted usimgneralized estimating equatsnith an exchangeable
correlation structure, binomial disttibon, and logit link function to account for autocorrelation among pooled
samples from the same flack

®Period from December 21 to March 20.

¢ Period from March 21 to June 20.

4 Period from June 21 to September 20.

® Period from September 21 to DecemBér
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Table5.5. Theresultof a multivariablelogistic regression model fitted usingganeralized

estimating equatiofiexaminingthe association betweeetBand orfarm management

protocols including antimicrobial use, amo@gperfringenspositive comnercial broiler chicken

flocks sampled at processing between July 2010 and January 2012 in Ontario, Canada (n = 601

isolates from 171 flocks).

Variable Category Coefficient Odds Ratio 95% P-value of P-value
Confidence  Odds Ratio  (Wald6 &
Interval of test) of
Odds Ratio Categorical
Variables
Feed mill A Referent Referent <0.001
B -2.10 0.12 0.03, 0.50 0.003
C 0.47 1.60 0.38, 6.83 0.522
D -0.31 0.73 0.17,3.13 0.676
E -1.14 0.32 0.05, 2.22 0.248
F -0.95 0.39 0.09, 1.69 0.205
G 0.38 1.46 0.41,5.16 0.556
H -0.97 0.38 0.08, 1.78 0.220
I 0.73 1.08 0.23, 4.97 0.926
Use of feed No Referent
containing
virginiamycin
Yes -0.89 0.41 0.18, 0.96 0.040
Season Winter® Referent 0.021
Spring® 0.10 1.10 0.38,3.21 0.862
Summer -1.17 0.31 0.13,0.77 0.012
Fall ¢ -0.79 0.45 0.19, 1.07 0.072
Average -0.12 0.98 0.97, 0.999 0.041
duration of
monitoring
flock per visit
(minutes)
Presence ofa No Referent Referent
garbage bin at
the barn
entrance
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Variable Category Coefficient Odds Ratio 95% P-value of P-value
Confidence  Odds Ratio  (Waldd &
Interval of test) of
Odds Ratio Categorical
Variables
Yes 1.12 3.07 1.30, 7.8 0.011

#The multivariable logistic regression model was fitted using a generalized estimating equation with an
exchangeable correlation structure, binomial distribution, and logit link function to account for autocorrelation

among pooled samples froimet same flock.

®Period from December 21 to March 20.

¢ Period from March 21 to June 20.

4 Period from June 21 to September 20.

¢ Period from September 21 to December 20.

Model Wa47BBBvasl ue (Waldodés test) O
The model 6s dleckdormiatiore=d0.418i t hi n

184

. 001

(Significant

at



Barn Characteristics Water

- Water source (e.g. surface, well,
municipal)
- Type of drinkers (e.g. bell,

nipple with catcher, nipple
without a catcher)

- Floor, wall, and ceiling
materials (e.g. concrete, wood,
metal)

Barn Environment: temperature, air
quality, and lighting

- Type of ventilation in each - Length of brooding period

barn (e.g. cross, tunnel)

- Age of birds at shipment
Biosecurity

- Entrance room in the barn

- - Test water for bacterial
contamination

- Use of misters or sprinklers

- Thermal discomfort

- Exposure to temperature extremes,

- Work or manage another power failure without a generator

poultry farm

- Use of dedicated footwear,
clothing, and headgear

- Presence of pets on the farm

Manure management

- Dispose of manure on
farm, off farm, or both

Pest Control

- Garbage bin in the barn
(e.g. pail, bucket, can)

Factors included

~Feed spill in the Enhanced

- Lights outside the barn _ Survei"ance
- Observe wild animals PrDjECt isease management
- Stagnant water

- Frequency of collecting mortality
< Bedding storage areg

Questionnaire

- Frequency of flock monitoring

- Intermediate location of
mortalities before disposal

Litter and feed Condition

- Terminal location of mortalities

- Type of bedding (e.g. shavings,
wood chips, long straw)

- Litter quality conditions (e.g. too

wet, mouldy, dusty)

Flock characteristics

- Feed problems (e.g. mold, caking)

- Feed bin problems (e.g. leaks,
mold growth)

- Breed and strain

Cleaning and nfecting barn before chick
placement

- Water temperature before cleaning

- Gender

Antimicrobials and
vaccinations

- Name of Hatchery

- Age of breeder flock
- Target market weight

- Barn fumigation, disinfection, pre-soaking

- Antimicrobials and
vaccinations at the hatchery

- Water pressure during barn cleaning and during grow-out

- Length of rest period between flocks

Figure5.1. Factors included in the Enhanced Surveillance Project questionnaire
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CHAPTER SIX

Factors associated wittantimicrobial resistant Clostridium perfringensisolates obtained
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ABSTRACT

Prevention of necrotic enteritis is a challenge in intensive broiler chicken production
systemsin our study populatiorClostridiumperfringenssolates had reduced susceptibility to
antimicrobials usedluringthe growout period. @r objective vas to identify factors associated
with the presence of antimicrobial resistanc€iperfringengsolates, including ofiarm

biosecurity and management practices, antimicrobial use, and the preseett® of

Five pooled samples of caecal swabs from 1&shirer flock from 231 randomly selected
Ontario broiler flocks were anaerobically cultured using standard techniquésgderfringers.
Realtime PCR was used to test isolates for the presenuet@fMinimum inhibitory
concentrations of seven antimicrals for 629C. perfringendsolates were determined using the
microbroth dilution method on avian plates (ceftiofur, tylosin, erythromycin, clindamycin,
oxytetracycline, and tetracycline) or Etest® (bacitradiigck data were collected from
producers dring interviews.Logistic regression models fitted with generalized estimating
eguations to account for autocorrelation among samples from the same flock were used to

identify risk factorssignificantly associated with resistance.

The use of tylosin in thized was positively associated with resistance to tylosin (OR =
6.59 p < 0.00}, erythromycin (OR = 6.6( < 0.00}, and clindamycin (OR = 9.8@ < 0.00},
and the use of bacitracin in the feed was positively associated with resistance to baciRaein (O
3.36 p < 0.00}. The presence afetBin an isolate was positively associated with resistance to
ceftiofur (OR = 1.7Q p = 0.008, oxytetracycling OR = 4.14 p < 0.00}, and tetracyclinOR=
7.34 p < 0.00}, and negatively associated with resistatwerythromycifOR = 0.57 p =
0.010, clindamycin(OR = 0.51 p = 0.03}, and bacitracifOR = 0.25 p < 0.00). Management

factors associated with resistance to one or more antimicrobials included antimicrobial use, feed
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mills, feed problems (g. caled, wet vs. no problem), presence of a dog(s) on farm (vs. no),
headgear worn by flock owner (e.g., hat, hair net, hood on disposable suit), frequency of
collecting mortality per day, frequency of washing barn with high water pressure in the last year,

andammonia levels >25 ppm or noticeable eye irritation.

Our study identified several factors significantly associated with the presence of
antimicrobial resistance i@. perfringenssolates, including management practices,
antimicrobial use, and the preserafnetB Future studies should investigate the health and

economic impact of a reduction of antimicrobial use in broiler production.

Keywords: Antimicrobial usenetB Clostridia, resistance, cressctional study
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INTRODUCTION

The chicken industry is significant component of the Canadian economy, contributing
approximately $735 million annually in farm c
Domestic ProdugtChicken Farmers of Canada, 2015; Farm Credit Canada,. Zxhphasis on
disease prevention and improved productivity has risen over the years due to increasedrconsu
demand for chicke(Dekich, 1998) Disease prevention strategies include implementing strict
biosecuriy programs to prevent exposure of broilers to pathogenic organisms, and the use of

antimicrobials in the fee(Dekich, 1998; Dibner and Richards, 2005; Gunn et al., 2008)

Bacterial poplations acquire resistance to antimicrobials through gene mutation and
spread of resistant clones of bacteria, or acquisition of resistance genes through hoizontal transfer
from the same or different genera of bacteria living in the same enviroidfeaith Canada,

2003) Bacteria with acquired resistance to an antimicrobial are able to survive when exposed to
the drug(Rosengren et al., 2010peffective antimicrobials can lead to significant economic
losses to th broiler chicken industry because of increased morbidity and mo(Résengren et

al., 2010) Necrotic enteritis is an enteric disease controlled primarily by adding antimicrobials to
the feed at sutherapeutic (i.e., prevedative) levels. Globally, clinical and subclinical necrotic
enteritis infections cost the broiler industry an estimated $2 billion anr{@alyper and Songer,
2009; Van Immerseel et al., 200Q@)ostridiumperfringens an anaerdb, sporeforming, rod

shaped bacterium, is associated with the development of necrotic enteritis in clfirkemer,

1996) Clostridium perfringenss divided into five genotypes (AE) based on its ability to

produce four lethal toxiné U ,0) b a (Pdtit e 3l., 1999Keyburn et al. (2008)iscovered a

novel toxin, called NetB, amor@. perfringengype A isolates from chickens suffering from
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necrotic enteritis, and demonstrated that NetB toxin, encoded by tlielike netBgene, is one

of the toxins responsible for causing necrotic enteritis.

In our study populatiorC. perfringenssolates had reduced susceptibility to ceftiofur
(49% of 629 isolates), erythromycin (62%), tylosin tartrate (19%), clindamycin (21%)
oxytetracycline (65%), tetracycline (62%), and bacitracin (82%) (Chapter 4 [BMR
perfringen$). Thus, our objective was to identify factors associated with the presence of
antimicrobial resistance i@. perfringenssolates, including ofiarm biosecuty and

management practices, antimicrobial use, and the presenetBof

MATERIALS AND METHODS

Study design

Clostridiumperfringenswvas one of thirteen pathogens investigated in the Enhanced
Surveillance ProjecHSH, a largescale, crossectional studyhat aimed to determine the
flock-level prevalence of, and risk factors for, pathogens of importance to broiler chicken health.
The sampling period for the ESP was July 2010 to January 2012. The sampling frame included
all quotaholding broiler producersontracted with six processing plants (one provincial and five
federal ), representing 70% of Ontariobds broil
factors for all thirteen pathogens was 240 flo&d&% confidence, 80% power, and an estimhate
difference of 20% between tipeoportions of exposed and unexposed flocks with an estimated
baseline prevalence of 20%)wo hundred and thirtpne of 240 (96%llocks were enrolled.

Flocks originating from outside Ontario were excluded from the study.

The frequency of visiting each plant to col

share (i.e., proportional sampling). Them®nth sampling period was divided into smaller, 4
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week periods for logistical purposes. For eaahegk period, the samply date(s) for each plant

was randomly assigned usiignitab 14 (Minitab Inc., State College, Pennsylvan@ice the
sampling dates were established for each plaatChicken Farmers of OntaddOnt ar i 06 s
chicken marketing boaédprovided a list of prodeers scheduled to process at least one flock on
each sampling datéor each sampling date, flocks were randomly and blindly selected from the
list using numbered coins assigned to each flock. The corresponding producer was contacted by

phone and invitedbotparticipate.

The sample size required per flock to detecperfringenswithin the flock was
determined using the formuta —( U = a prib®within-flock prevalence estimate =

15%, which was deemed sufficient to detect all thiriga@ihogens included in the ESP). At the
processing plants, fifteen whole intestines were conveniently selected from the evisceration line
and placedn Ziploc (S.C. Johnson & Son, Racine, WI) or Whirlpak (Nasco, Fort Atkinson, WI)
bags in coolers on iceolensure that the entire flock was represented in the sample, the number
of intestines collected per truckload of birds was divided as equally as possible amongst the
trucks. For example, if three trucks were used to ship the flock, five intestines \Wecedgper
truckload of birds; if two trucks were useseven intestines were collected per truckload tlaad
truck from which the extra intestine would be collected was randomly and blindly selected using
numbered coins assigned to each triickmediatéy upon return from the processing plants, the
whole intestines were processed; caeca were opened using sterile instruments pold of

three caecal swabs per pool were collected using BD ESBabtof Dickinson Microbiology
Systems, Sparks, Mand submitted to the Animal Health Laboratory at the University of

Guelph for bacterial culture and genotyping (see Laboratory methods below).
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A few days following sample collection, members of the research team gathered
flock/farm-level data by interviewig the producer in person using a questionnaire and by
transcribing information from flock recds. Data were gathered on flock characterisitics (e.g.,
breed, age at shipment, sex, and flock size)gameralcharacteristics of the farm operation
(e.g., nunber of barns, presence of other poultry or livestock on the farm), barn structure (e.qg.,
wall, floor, and ceiling materials), biosecurity measures (e.g., use of dedicated clothing and
footwear when entering the restricted area of the barn, cleaning arfdctisn of the barn,
equipment, and water lines before chick placement), pest control program (e.g., use of rodent
traps and fly screens), barn conditions (e.g., type of bedding, litter condition, ammonia levels),
chick source (hatchery) and feed milhgoany, and antimicrobials administered to the flock at

the hatchery, and in the feed and water during the -gnavperiod (Chapter 3 [AMU]).

Laboratory methods

Bacterial culture and identification were conducted according to standard protocols, as
describd by Chalmers et al. (2008aBriefly, each caecal swab was streaked onto a Shahidi
Fergusorperfringensselective medim plate (Becton Dickinson Microbiology System), then
incubated anaerobically at 37°C for 2@ostridiumperfringensdentification was conducted
by inverse CAMP reaction. A flock was considered to be positivE fgerfringensf at least
one of the fve pooled caecal samples was positive on bacterial culturetiRedPCR was used
to testC. perfringengsolates for the presencemétB(Chalmers et al. 2008aA flock was

considered to be positive foetBif at least one isolate tested positive on-teak PCR.

Antimicrobial susceptibility testing was performed onQllperfringengsolates, as
described by Slaviet al. (2011); details are provided in Chapter 4 [AMRperfringens

Minimum inhibitory concentration testing was conducted using the microbroth dilution method
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on 96well avian plates (intended for veterinary diagnostic purposes) (Trek Diagnostic System
Cleveland, Ohio). The avian plates contained the following antimicrobials: ceftiofur,

enrofloxacin, erythromycin, tylosin tartrate, amoxicillin, penicillin, florfenicol, oxytetracycline,
tetracycline, and clindamycin. Minimum inhibitory concentratiasrstfacitracin were
determined using the EtestE according to the
Laurent, Québec). The minimum inhibitory concentrations were interpreted as described in

Chapter 4 [AMRC. perfringen

Statistical methods

Labordory results and data from the questionnaire and flock records were entered into
Microsoft Office Excel 2007 spreadsheets (Microsoft Corporation, Redmond, WA) and verified
by a second team member. The data were then imported into STATA IC 13 statiftiicaleso

(Stata Corporation, College Station, TX), merged, and analyzed.

The number of isolates is equal to the number of samples positi€e perfringens
because only one isolate was selected per sample for genetic and MIC testing. A flock was
defined msitive forC. perfringensf the bacterium was cultured from at least one of five pooled
caecakamplegChapter 2. perfringengprevalench. A flock was defined positive faretBif
at least one isolate tested positiverietB(Chapter 2 C. perfringensprevalencd. For the
guestionnaire and flock record data, the median, minimum, and maximum values were used to
describe continuous variables, and proportions were used to describe categorical vieaables.
categorical variables, we did not considariables for further analysis if 95% or more of farms
fell in one category. If a variable had categories with few observations, the categories were
combined when appropriate or the variable was excluded from further anBbjisigise

correlations betweeindependent variables were examined using correlation tests to identify
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variables with the same information. Pairwise correlations greater than |0.8| were investigated,
and one variable was chosen from the paged on greatest biological plausibilityyéest

missing observations, and quality of measurement.

Logistic regression models were fitted withngralized estimating equations (GEftes)
identify factors associated with resistance to each antimicrématxchangeable correlation,
binomial distritution, andlogit link function were used to account for autocorrelationragno
isolates from the same flockirst, all variables were screened for inclusion in the multivariable
models based on unconditional associations with the outcome (presence/absesistaote in
aC. perfringendsolate) using aliberal-? al ue of O 0.2. Some biologi ¢
that did not meet the inclusion critevigereforced into the modsdi.e., use of tetracyclines in the
water, and use of ceftiofat the hathery). Next, a manual, stepise selection model building
approach was followed for all models. Variables were removed one at a time from a full model
starting with the variable with the highgstalue. The effect of removing the variable on the
coefficients of other variables in the model was investigated. Significant variablesayvo
interactions, and confounders were retained in all mogdls (0 . 0 5 ) unding vadable ias
defined as nofinterveningvariable that created@25% change in the coefficient of another
variable. Two- way interactions (e.g., antimicrobial use, ammonia and ventilation) that were
suspected to depend on one aeotwith respect to their relationship with the outcome were
tested. Lastly, one at a time, the eliminated variables with the lowesti@ werae-offered to

the model and retained iftheval ue was O 0. 05.

RESULTS
Study population, and prevalence ofC. perfringensand netB. Descriptive

characteristics of the study population have beerritbescpreviouslyChapter 2. perfringens

194



prevalency. Briefly, the majority of flocks (98.2%) were raised iniaHall-out system of
production. The median agetbk birds at the time of processing was 38.1 days. The median
flock size at placement was 25,092 bir@tstridium perfringensvas recovered from 78.4% of
231 flocks, and 54.6% of 1,153 pooled caecal sam@lestridium perfringensvith netBwas
recoveed from 30.7% of 231 of flocks and 39.2% of XBIperfringengpositive flocks. All of

theC. perfringengsolates were classified as type A, except for one (type E). The proportion of
isolates that were resistant to each of the antimicrobials underigatest has been dedoed

previously (Chapter 4 [AME. perfringeny).

Unconditional associationsFactors associated with resistance to ceftiofur,
erythromycin, tylosin tartrate, clindamycin, oxytetracycline, tetracycline, and bacitracin at the
univariable screening stag© 0. 2 0) aTakde 64A{categorical wvariables) ar@i2A

(continuous variables).

Variables associated with resistance to ceftiofuiTable 6.1). The use of ceftiofur at
the hatchery, which was forced into the multivariable rhodas not associated with resistance
to ceftiofur(p = 0.926) The presence ofetBin an isolate (vs. absengg) = 0.008) feed
problems (vs. no problem§) = 0.047) and the presence of a dog(s) on the fggrm 0.001)
werepositively associated witlesistance to ceftiofur, whereas the use of dedicated headgear
(e.g., hat, cap, hair net, hood on disposable suit) by the flock owner (always vs.

never/sometimegp = 0.012)wasnegatively associated with resistance to ceftiofur.

Variables associated withresistance to erythromycin, tylosin tartrate, and
clindamycin (Table 6.2). The use of feed containing tylosin (vs. no use) passtively

associated with resistance to erythromycin, tylosin, and clindamy€nperfringenssolates(p
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< 0.001) The presnce ofnetBwasnegatively associated with resistance to erythromfcim
0.010)and clindamycir(p = 0.031) Increasing frequency of collecting mortalities per day was
negatively associated with resistance to tylgpir 0015) whereas the use of feedntaining
nicarbazin(p = 0.034)was positively associated with resistance to tylosin. Ammonia levels > 25
ppm or noticeable eye irritation (vs. low ammonia legel> 0.032)was positively associated

with resistance to clindamycin.

Variables associatedvith resistance to oxytetracycline and tetracyclingdTable 6.3).
The use of tetracycline in the water, which was forced into the multivariable oxytetracycline and
tetracycline models, was not associated with resistarmeytetracycline (p = 0.822)r
tetracycline(p = 0.971) Thepresence ofietBand increasing age at shipment waositively
associated with resistance to oxytetracyc{me 0.001)and tetracycliné< 0.001) whereas the
use of feed containing virginiamycin (vs. no use) was negatigslyczated with resistance to
oxytetracycling(p = 0.029)and tetracyclingp = 0.023) Washing the barn before chick
placement (vs. not washing) was positively associated with resistance to oxytetrgpysline
0.036) whereas the use of feed containingitdo (vs. no use) was negatively associated with
resistance to oxytetracyclifjp = 0.010) Increasing frequency of washing the barn with high
water pressure within the last yépr= 0.036) andsome feed mills (B and D vs. Ajere
positively associatedith resistance to tetracycline. The use of penicillin in the feed or water
was a confounding variable (P = 0.133) for the association between one category of the feed mill
variable (mill D) and resistance to tetracycline. When the feed mill variablesweased from

the model, the use of penicillin in the feed or water became significant (P = 0.007).

Variables associated with resistance to bacitraci(rable 6.4). The use of bacitracin in

the feed or water (vs. no ugg)< 0.001) the use of Jitro in the feed (vs. no usép = 0.036)
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and the use of salinomycin in the feed (vs. no (3&)0.013were positively associated with
resistance to bacitracin, whereghe presence ofetB(p < 0.001)and the use of feed or water
containing penicillins (vs. nase)(p < 0.001)werenegatively associated with resistance to

bacitracin.

DISCUSSION

A number of direct associations between antimicrobial use and antimicrobial resistance
were identified in this study (i.e., bacitracin, clindamycin, erythromycin, andityl, which
suggests that antimicrobial use in the feed or water of a flock during theogtqeriod might
be a contributing factor for resistancednperfringengsolates. However, this pattern was not
consistent across all antimicrobials or routeadministration, as the use of ceftiofur at the
hatchery wasiot associated with resistance to ceftiofur, and the use of tetracycline in the water
during the growout period wasotassociated with resistance to tetracycline or oxytetracycline.
Bacitracin and to a lesser extent tylosin, are commonly added to broiler feed in Ontario (Chapter
3 [AMU]) to prevent necrotic enteritis. Over time, antimicrobial use can create selective pressure

in which resistant strains outcompete frenistant strainfHealth Canada, 2003)

Several other associations betweeiffieidd antimicrobial use and antimicrobial resistance
were identified. Positive associations included the use of nicarbazin (resistance to tylosin), and 3
nitro and salinomycin (resistante bacitracin), whereas negative associations included the use
of 3-nitro (resistance to oxytetracycline), virginiamycin (resistance to the tetracyclines), and
penicillins (resistance to bacitracin). In our study population, the presenceeiffihgensvas
positively associated with the use of feed containing nicarbazin and salinomycin, and negatively
associated with the use of feed containingtBo, and among. perfringengositive flocks, the

presence ohetBwas negatively associated with the usgigginiamycin (Chapter 5 [Bk
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factors ofC. perfringeng). Nicarbazin, 3nitro, and salinomycin are used to conaheriaspp.,

and are often combined with antibacterials, including virginiamycin and penicillin (and

salinomycin), which help preventdtovergrowth ofC. perfringengGiguere et al., 2006 he

use of these antimicrobiatsight coselect for unrelated resistance or virukeigenes located on

the same genetic element, such as transposons, plasmids, or in{Bga et al., 2013;

Chapman, 2003)rherefore, tiis a possibility thapositive associations indicate that resistance

genes are located on highly transferaggaetic elements (e.g., plasmids), and negative

associations indicate that the resistance genes are located on other genetic elements. Although we
did not test for the presence of coccidia, these findings also emphasize the complexity of the
relationshipbetweerC. perfringensand coccidia, and resistance of these organisms to

antimicrobial agents.

In addition to the use of feed containing antimicrobials, otherffeleded factors were
identified in this study, including the mill from which feed was pased (resistance to
tetracycline) and feed quality during the growt period (resistance to ceftiofur). There were
differences between feed millsthe risk of resistance to tetracycline, and this relationship was
confounded by the use of penicillintime feed or water during the gresut period. In our study
population, there were also differences between feed mills with respect to the presence of C
perfringensand the presence nétBamongC. perfringenspositive flocks(Chapter 5 [Risk
factors ofC. perfringen$), exposure to chicken anemia vi(i&gegae, 2014)and avian reovirus
titres(Nham, 2013)Other studies have suggested that animal feed can be a source of
antimicrobial resistant bacteria (e.gscherichiacoli andSalmonella enterigag(Davis et al.,

2003; Kidd, 2007)Feed ingredients might be exposet@erfringensat the mill by coming in

contactwith rodents or insects carrying the bactesiagnfarm from manure used on crops
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(Crawshaw and Feed, 2012)ontaminated feeflom the mill could potentially contai@.
perfringenscarrying antimicrobial resistance genes. Additionally, feed problems, such as
wetness, caking, or mold, were positively associated with resistance to ceftiofur. These feed
problems might affect the evall health of the birds, alter the gut microflora, or provide an

environment conducive to the maintenance of ceftiodgistant strains in the barn.

Washing the barn before chick placement, and frequently washing the barn with high
pressure, were posrgly associated with resistance to members of the tetracycline class of
antimicrobials. This was unexpected and in contrast to findings reported by Eregae (2014), who
found that washing the barn frequently with high pressure, was a protective factqrdeumex
to infectious bursal disease virus. Washing is presumed to enhance the effectiveness of
disinfectants; however, the effect varies depending on the physical properties of the surface, type
of disinfectan{Bermudez, 2008; Lister, 2008 our study, the barn wall structure (concrete
and wood, concrete only, or other combinations), floor matexaicfete and wogaoncrete
only, or other combinations), and celling material (wood omletal only, wood and metal, or

other combinations) were not associated with resistance to the tetracyclines.

Never (or only sometimes) wearing dedicated headgear when entering the barn, and the
presence of a dog(s) on the farm, were positively assdaiatle resistance to ceftiofur. This
finding might be related to the movement of the organism on the hair of flock owners and the
skin and fur of their pets, resulting in maintenance of resistant strains of the bacteria on the farm.
Clostridiumperfringenss a normal inhabitant of human and animal intestinal t(&wiager,
1996) There were no significant differencesvween the presence of dogs within, and outside,
the controlled access zone, indicating that flock owners might Cagrfringensafter contact

with dogs. Dogs might be exposed to ceftiefesistant strains d. perfringensirom the
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environment, incluchg soil, dust, and food, or potentially, they might carry and shed ceftiofur
resistant strains after having been treated with an antimicrobial in the cephalosporin or penicillin

family.

High ammonia levels at any time during the groumt period were positely associated
with resistance to clindamycin. Birds living in barns with high ammonia levels have been found
to be highly susceptible to respiratory infections (&ggoli) (Aziz, 2010) Further, high
ammonia levels have a negative impact on bird health and flock performance (weight gain, feed
conversion ratio, condemnatiortgaand immune syster(hziz, 2010) Proper ventilation has
been suggested #w most effective way to reduce ammonia ley@@nald, 2010)In our study,
the type of ventilation used in the barn (e.g., cross, tunnel) was not associated with resistance to

clindamycin

Frequently collecting mortalities was negatively associated with resistance to tylosin. Our
finding might indicate that birds with tylosiesistantC. perfringensstrains require considerable
care and attention from flock owners. Thus, by increasingélg@ency with which dead birds
are removed from the barn, the risk of exposure of the remaining birds in the flock to resistant

strains would be decreased.

Increasing age at shipment to slaughter was positively associated with resistance to
oxytetracyclne and tetracycline. Other studies have found that the percentage of chicken fecal
and caecal samples that were positivedoperfringenssaried with agg¢Chalmers et al., 2008b;
Craven et al., 2001 his variation might be due to agelated differences in feed form and
nutrient density, or competition with other gut bactéGhalmers et al., 2008b; Craven et al.,

2001)

200



The presence afetBwas positively associated with resistance to ceftiofur,
oxytetracycline, and tetracycline, and negatively associated with resistance to erythromycin,
clindamycin, and bacitracin. TheetBgene is located on a conjugative plasihiepp et al.,

2013) therefore, tiis a possibility thapositive associations indicate that resistance genes are
located on highly transferablerggtic elements (e.g., plasmids). It was not surprising that the
direction of effect fonetBwas the same for members of the same antimicrobial class (e.qg.,
tetracyclines) or family (e.g., MacrolidelsincosamidesStreptogamins). ThenetBgene has
been dentified as a virulence factor for the development of necrotic en{gé@idurn et al.,
2010, 2008; J A Smyth and Martin, 2018hd its positive association with resistance to
ceftiofur, oxytetracycline, and tetracycline@ perfringenssolaes raises concern of the

emergence of a potential super bug in poultry production.

The ESP was designed to investigate the epidemiology of thirteen viral and bacterial
poultry pathogens, includin@. perfringens Misclassification bias was reduced by udihg an
Aot hero or Auncertaind category for producers
recall a particular procedure. Recall bias was minimized by scheduling producer interviews a few
days following flock shipment and sample collection, whessible. Producers were encouraged
to answer sincerely during the interview and were assured that all answers would be kept strictly
confidential and not shared with their marketing board. Some producers might have declined to
participate in the projedtecause of their perception about the flock health status or completeness
of records. Randomization of sampling dates and flock recruitment was a method used to ensure
good representation of the Ontario broiler chicken industry. The large sample sizestidly
was a method to increase the power of the studyexhetingthe chance of type Il statistical

error.

201



This study identified a number of factors associated with resistari@gpeffringens
isolates to five critically important antimicrobials (eeftr, erythromycin, tylosin tartrate,
oxytetracycline, and tetracycline) and timghly important antimicrobials (bacitracin and
clindamycin), as defined by the World Organization for Animal He@\{brld Organisation for
Animal Health, 2004)These factors included the presenceeaiB the use of antimicrobials in
the feed or water, and several management and biosecurity practiaese(tffgorotective
headwear, the presence of dogs on the farm, ammonia levels, the frequency of collecting
mortalities, the age of the flock at shipment, washing the barn before chick placement, the
frequency of washing the barn, feed problems, and feds) nklrther studies designed to

enhance our understanding of antimicrobial susceptibiliy.iperfringensare warranted
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Table6.1. The result of a multivariable logistic regression model fitted using a generalized estimatitigrégexamining the
association between resistance to ceftioflClwstridium perfringenssolates and oafarm management protocols, including

antimicrobial use, among commercial broiler chicken flocks sampled at processing between July 2010 gn201ghumaOntario,

Canada.
Variables Categories Odds 95% P-value Model-60s The Model 0
Ratio Confidence ofOdds v al ue ( Estimated Within-
Interval Ratio ¢’ Test) flock Correlation
Model 1: Ceftiofur (No. of flocks = 171)
0.002 0.056
Presencef netB No Referent
Yes 1.70 1.15,2.53 0.008
Feed problems No Referent
Yes (wet, caked, 1.97 1.01, 3.86 0.047
etc.)
Presence of a dog(s) on No Referent
farm
Yes 1.62 1.11, 2.36 0.001

Headgear worn by flock  Never/sometimes Referent
owner (e.g., hat, hairet,
hood on disposable suit)

Always 0.62 0.43,0.90 0.012
Use of ceftiofur at the No Referent
hatchery’

Yes 1.04 0.41, 2.67 0.926

~N o 01

4Themultivariable logistic regression model was fitted using a generaliziedadisty equation with an exchangeable correlation structure, binomial distribution,
andlogit link functionto account for autocorrelation among pooled samples from the same flock.
®Use of ceftiofur at the hatchery did not meet the model inclusion eitesivever, it was forced into the model because of its biological importance
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Table6.2. The results of mltivariable logisticregression modsfitted usinggeneralized estimating equatidhexamining the
association between resistatoerythromycintylosin tartrate, and clindamycin @lostridiumperfringenssolatesand onfarm
management protocols, including antimicrobial use, among commercial broiler chicken flocks sampled at processing between July

2010 and January 2012 in Ontario, Canada.

Variables Categories or Odds 95% P-valueof Model-0s The Model 0s
(range)s Ratio Confidence Odds value( Wa | d Within -flock
Interval Ratio ¢’ Test) Correlation
Model 2: Erythromycin (No. of flocks = 166)
<0.001 0.056
Presence afietB No Referent
Yes 0.57 0.37,0.88 0.010
Use of feed containing No Referent
tylosin
Yes 6.60 2.92 14.98 <0.001
Model 3: Tylosin (No. of flocks = 167)
<0.001 0.251
Frequency of collecting (1, 6) 0.50 0.29, 0.87 0.015
mortality per day
Use of feed containing No Referent
tylosin
Yes 6.59 3.43, 12.66 <0.001
Use of feed containing No Referent
nicarbazin
Yes 2.31 1.07,5.04 0.034
Model 4: Clindamycin (No. of flocks = 167)
<0.001 0.485
Presence afietB No Referent
Yes 0.51 0.28, 0.92 0.031
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Variables Categories or Odds 95% P-valueof Model-0s The Model 06s
(range)s Ratio Confidence Odds value( Wa | d Within -flock
Interval Ratio G Test) Correlation
Use of feed containing No Referent
tylosin
Yes 9.69 4.83, 20.17 <0.001
Ammonia levels >25  No Referent
ppm or noticeable eye
irritation
Yes 2.67 1.08, 6.59 0.032

Themultivariable logistic regression modekere fitted usingeneralized estimating equatsmith an exchangeable correlation sturet, binomial
distribution, and logit link functionto account for autocorrelation among pooled samples from the same flock.
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15

16

17

Table6.3. The results of mltivariable logisticregression modsfitted usinggeneralized estimating equatidhexamining the
association between resistarioeoxytetracycline and tetracycline @lostridiumperfringenssolatesand onrfarm management
protocols, including antimicrobial use, among commercial broiler chicken flocks sampled at processing between July 2010 and

Januay 2012 in Ontario, Canada.

Variables Categories or Odds Ratio 95% Confidence P-value Model-6sThe Model
(ranges) Interval ofOdds v al ue ( Estimated Within-
Ratio c*Test) flock Correlation

Model 6: Oxytetracycline (No. of flocks = 169)

<0.001 0.391

Presence afietB No Referent

Yes 4.14 2.40,7.15 <0.001
Use of tetracyclinesin  No Referent
the wate?

Yes 0.75 0.06, 8.75 0.822
Use of feed containing No Referent
virginiamycin

Yes 0.51 0.28, 0.93 0.029
Use of feed containing No Referent
3-nitro

Yes 0.48 0.28,0.84 0.010
Washed barn before No Referent
chick placement

Yes 1.75 1.04, 2.95 0.036
Age at shipment (days) (31, 53) 1.14 1.05, 1.23 0.001
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Variables Categories or Odds Ratio 95% Confidence P-value Model-6sThe Model
(ranges) Interval ofOdds v al ue ( Estimated Within-
Ratio ¢’ Test) flock Correlation

Model 7: Tetracycline (No. of flocks = 167)

<0.001 0.286
Presence afietB No Referent
Yes 7.34 3.92, 13.72 <0.001
Use of tetracyclinem No Referent
the wate?
Yes 0.95 0.08, 11.60 0.971
Use of feed or water No Referent
containing penicillif
Yes 2.87 0.72,11.35 0.133
Use of feed containing No Referent
virginiamycin
Yes 0.49 0.26,0.91 0.023
Frequency of washg 0, 7) 1.14 1.01,1.28 0.036
barn with high water
pressure in the last yeal
Feed Mill A Referent
B 4.63 1.29, 16.36 0.018
C 1.65 0.37,7.24 0.509
D 4.94 1.11, 21.89 0.036
E 4.78 0.64, 35.48 0.126
F 1.66 0.43, 6.40 0.460
G 2.24 0.61,8.21 0.224
H 0.81 0.19, 3.49 0.780
I 2.37 0.48, 11.57 0.286
Age at shipmentdays) (31, 53) 1.19 1.08, 1.31 <0.001

aThemultivariable logistic regression modekere fitted usingeneralized estimating equatsmith an exchangeablcorrelation structure, binomial
distribution, and logit link functionto account for autocorrelation among pooled samples from the same flock.
® Use of tetracyclines in the water did not meet the model inclusion criteria; however, it was forcedrimdéhbecause of its biological importance.
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21  °The use of feed or water containing penicillin was a confounding variable for the association between one categorgt ofitheaféable (mill D) and was
22  keptinthe modé
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23

24

25

26

27
28

Table 6.4 The result of a mitivariable logistic regression model fitted usigeneralized estimating equatidaxamining the
association between resistatodacitracin inClostridium perfringenssolates, and efarm management protocols, including

antimicrobial use, among comne&l broiler chicken flocks sampled at processing between July 2010 and January 2012 in Ontario,

Canada.
Variables Categories Odds 95% Confidence P-valueof Mo del-valse TheModel 6s Es
Ratio Interval Odds Ratio ( Wa | dTest) Within -flock Correlation
Model 5: Bacitracin (No. of flocks = 173)
<0.001 0.222
Presence afietB No Referent
Yes 0.25 0.15, 0.44 <0.001
Use of feed or water No Referent
containing bacitracin
Yes 3.36 1.82,6.22 <0.001
Use of feed containing No Referent
3-nitro
Yes 2.12 1.05, 4.28 0.036
Use of feed containing No Referent
salinomycin
Yes 2.23 1.18, 4.20 0.013
Use of feed or water No Referent
containing penicillins
Yes 0.39 0.17,0.86 <0.001

4Themultivariable logistic egression model was fitted using a generalized estimating equation with an exchangeable correlation structure, birmrtiéad,distr
and logit link function to account for autocorrelation among pooled samples from the same flock.
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ABSTRACT

We conducted a crosectional study to determine the prevalenc€.dfifficile among a
representative sample of Ontabiwiler chicken flocks, and toxigenicity, ribotypes, and
antimicrobial susceptibility of the isolates to antimicrobials of importance to humésr and
veterinary medicine. Colon/ceacal swabg@led samples from 15 birds per flock) from 231
randomly seleted flocks were cultured fdZ. difficile. Multiplex PCR, PCR ribotyping and
minimum inhibitory concentration tests were conduc@dstridiumdifficile was isolated from
17 of 231 flocks (7.4%). Genes encoding for toxin A and/or B were detected irRT9sailates
regrown from frozen culture (70%). Ribotypes 001 and 014 were identified in eight of 27 isolates
each (29.6%). Resistance was detected to ampicillin, cefoxitin, ceftiofur, clindamycin,
erythromycin, imipenem, oxytetracycline, penicillin, teyrelime, tylosin tartrate, and
vancomycin The proportion ofC. difficile positive flocks was low. Chickens may be reservoirs

of resistanC. difficile for humans.

Keywords: MIC, zoonotic infection, PCR ribotyping, antimicrobial resistance,-gram

positive amerobes, clostridia
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INTRODUCTION

Clostridiumdifficile is a grampositive, anaerobic, speferming bacillus primarily
known as a nosocomial pathogen responsibl€fostridiumdifficile-associatedliseases
(CDAD) among hospital patients receiving antmobial therapyBorriello, 1998)
Traditionally, Clostridiumdifficile infections CDI) occur following exposure to antimicrobials
at a health care facility, which disrupt the intestinal microflora and alloshfficil e to grow and
produce toxins; however, reports of an increase in commangyiredinfections among low
risk individuals(Khanna et al., 2012; Rith, 2009; Zilberberg et al., 2008; Pepin et al., 2004;
Valiquette et al., 2004gd to speculation that other sources of infection are pogSlolgld and

Limbago, 2010)

Clostridiumdifficile has also been isolated from various envinental(Al Saif and
Brazier, 1996)andanimal sources includingigs (Keel et &, 2007) calvegRodriguezPalacios
et al, 2006) horseqArroyo et al., 2005 and chickengSimango and Mwakurudza, 2008;
Simango, 2006 In addition C. difficile has beemecognizeé as a cause of enteric diseas
ostriches, horses, calves, companion animals, and neonatébpigger, 2004)Recat studies
have foundC. difficile in retail foods intended for human and pet consumgamger et al.,
2009; Weese et al., 2009; Rodrigtkealacios et al., 2007, 2008) date, no food or domestic
pet source has bedirectly associated with the developmenit®fdifficile infections in humans

(Gould andLimbago, 2010)

Pathogenic strains @. difficile produce at least one of two toxirenterotoxin A {cdA)
and cytotoxin B tcdB) (Bartlett, 1994; Bartlett et al., 1980, 1978)ditional virulence factors
include production of a third toxin, called binary toxad (Warny et al., 2005; Perelle et al.,

1997; Popoff et al., 1988The increase in severity and incidence of CDAD has been, to some
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degree, attributed to two pathogenic strain€.difficile identified as toxinotype I1I/PCR
ribotype 027PFGE typeNAP1, which produces the binary toxin and has a deletion abase
pairtcdCand at position 11{@Jhung et al., 2008; McDonald et al., 200&)dtoxinotype V/PCR

ribotype 078/PFGE type NARKeel et al., 2007)

To date there have been no epidemiological studies that have invesGigdiffttile
among commeial broiler chickens in Ontario. The objectives of this study were to 1) determine
the prevalence df. difficile in a representative sample of Ontario broiler chicken flocks; 2)
characterize the recovered isolates usindfiplex polymerase chain reaoti (PCR) and PCR
ribotyping; 3) and determine the minimum inhibitory concentratMIC() of isolates against

antimicrobials of importance to veterinary and human medicine.

MATERIALS AND METHODS

Study design
Between July 2010 and January 2012, data weteatet! as part of the Enhanced

Surveillance ProjecHSH, a largescale crossectional study that aimed to determine the

baseline prevalence of, and risk factors for, 13 pathogens of significant importance to broiler

health, withC. difficile being the aly pathogen with potential zoonotic significance. Flocks were
randomly selected from a sampling frame of broiler producers contracted with six Ontario
processing plants representing 70% of Ontario
identify ri sk factors for al/l pat hogens included i
and 20%a priori estimate of the difference between exposed and unexposed flocks with an

estimated baseline prevalence of 20%). To ensure variability, a singlevidascgelected per

farm. The number of flocks recruited from eac

share. Minitab 14 (Minitab Inc., State College, Pennsylvania) was used to generate a random
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monthly schedule to visit each plant. The processlagte provided the research team and the
Chicken Farmers of Ontario (Ontariobds chicken
on the sampling date. For each sampling date, flocks were randomly selected from the list and
corresponding producevgere invited to participate. Another flock was selected from the list if a
producer declined. From each participating flock, 15 whole sets of viscera containing intestines
were collected using convenience sampling from processing plant evisceratioAiines.
approximately equal number of samples were collected from each truckload of birds from study
flocks. Tissue samples were transported to the processing lab on packed ice, where five pools of
three colon/caecal content swabs were collected and subroitieel Animal health Laboratory

(AHL) for further microbiological testing. Fate-face interviews with producers were

conducted two to three days following sample collection to obtain information on management,

biosecurity, and antimicrobial use in thedkoof interest.

Microbiological testing

The AHL isolatedC. difficile from colon and caecal swabsingenrichment broth and
ethanol shoclkanaerobic culturing techniquéesincrease the level of isolatenzymelinked
immunosorbent assafILISA) on pure ciiure to tesfor the presence of toxin A and &nd
MIC testing were conduct by the AHhccording to standatedboratoryprotocok. Multiplex
polymerase chain reactigRCR)to identify toxin producing gendsdA tcdB, andcdtand PCR
ribotypingwerecon duct ed at Dr . Scott Weesebds Laborator
University of Guelph  The AHL provided Dr. Scott Weeseds
the regrown cultures for the two PCRSbotyping was performed as describecBiget et &,
(2000. The procedure was modified slightly by running the PCR proauncis5% of UltraPure

1000 agarose (Invitrogen) at 150 volts for two hours. The gel was then placed in a gel red bath
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for 30 minutes to stain the double stranded DNA. A digital enafithe gel was taken. The

toxins were identified by following the protocols describedPlysson et al. (28). Gel red was
added to a 1.5% gel that was run for 45 minutes at 150 volts and a digital image of the gel was
taken. Ribotypes were assigned by comparing known ribotypes to the unknowns Hyy side

side comparison on further geBlassification of tbotypes followed the reference library

established by the United Kingdom Anaerobe Reference(Bnibbs et al., 1999)

Minimum inhibitory concentration (MIC) testingas conducted using the microbroth
dilution method on 96vell avian plates with veterinary specifications (Trek Diagnostic Systems,
Cleveland, Ohio) containing the following antimicrobials of importance to veterinary medicine
and their dilution range (uanl): ceftiofur (0.25- 4), enrofloxacin (0.12 2), erythromycin (0.12
- 4), tylosin tartrate (2.520), amoxicillin (0.25 16), penicillin (0.06 8), florfenicol (1i 8),
oxytetracycline (0.25 8), tetracycline (0.25 8), and clindamycin (0.5 4). One hundredpul) of
bacterial suspension was distributed per individual wells and MIC values were adjusted
accordingly. Isolates were-grown from frozen culture and additional MIC testing was
conducted. Minimum inhibitory concentration testing was coratlasing microbroth dilution
method on 9@vell anaerobic plates (Trek Diagnostic Systems, Cleveland, Ohio) containing the
following antimicrobials of importance to human medicine and their dilution range (pg/ml):
piperacillin @1 128), piperacillin/tazobetam Q.257 128), ampicillin (0.57 16),
amoxicillin/clavulanic acid@.51 16), ampicilllin/sulbactam@.51 16), mezlocillin @1 128),
imipenem 0.121 8), meropenemQ.571 8), penicillin (0.061 4), cefotetan4 i 64), cefoxitin @7
32), clindamycin(0.251 8), metronidazoleQ.51 16), chloramphenicoldi 64), and tetracycline

(0.257 8).
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Interpretation of MICs

The MICs were classified based on susceptible and resistant breakpoints published in the
fourth edition of Antimicrobial Therapy In VeterinaMedicine(Giguere et al., 2006pr
ceftiofur (Susceptible (S) O 2, I ntermedi at e
16, R O 32), eryt-AroRy©i 8)(St®l 0sb4n, [R+Q i8)t,e
and florfenicol (S O eBeclassifiedtas $usceptife a@ re3iggnt. T h e
based on breakpoints established for anaerobic organisms by the Clinical and Laboratory

Standards InstituteC_SI) (2004)forpi per aci | ¥#i @4 ( ROO 3228 |

piperacillin/tazobactam(® 32, | 9, adpkilin® O a28) | = 1, O 2
amoxicillin/clavulanic acid ( 4, | )k anicillinRuldactamg O 8, | ),= 16, R
mezlocillin (S)iipghéms 10 =4 &%,4 )R ROeQll@pBenem (S O 4
O N6penicillin (S O 00516, I= Xcef®xdn (SR 2K6,,6 £l e f=o t
32, RclibdaBydins O 2, ), metrorddazolég ® 8, | ),= 16, R O 3
chloramphenicol (® 8=, 116, ), &d®trad@ine (® 4, | XKoxg@etracRRlin® 16

(SO 4, | F, 8an® &Omasi ci | | iMnimursinhditofy cohicentrations 1, R

for vancomycin was determindy the Etest methodgnge 0.016 2 5 6 Ig Rjomemieux, St.
Laurent, Québec); isolates were classified as susceptible or resistant based on interpretive CLSI
standards foBtaphylococcuspp( S O 28, | R =0 4 1@incial gnd tebgratory

Standards Institute, 2007; Pelaez et al., 20R8%istant isolates refer to isolates with
intermediategesistance and full resistan@@antz, 201Q)Multi-class antimicrobial resistance

was defined as resistance toethiantimicrobial classes or more.
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Results
Prevalence and genotypedwo hundred and thirtpne broiler flocks were enrolled; 17
of 231 flocks 7.4%; 95% Confidence Interval (Cl): 4.6 to 11)684sted positive fo€. difficile
on culture. Thirtyone isolags were recovered from 1153 chicken samples (2.7%; 95% ClI: 1.9 to
3.8%).Twenty of 27 isolates (74.1%)ere positivefor toxin A and Bon ELISA Multiplex PCR
and PCR ribotyping was performed on 27 isolategrosvn from frozen culture; 19 isolates
(70.4%;95% CI: 49.6 to 85.2%) were toxigenic (A + BdT-), and eight isolates (29.6%; 95%
Cl: 14.8 to 50.4%) were netoxigenic (A B- cdT-) (Table 7.1). Of the 27 isolates that were

tested using ELISA and multiplex PCR, results for 26 isolates were in agre@8&96).

Ribotypes Ribotypes 001 and 014 were identified in eight isolates each (29.6%; 95% CI:
14.8 to 50.4%). Four isolates (14.8%; 95% CI: 5.3 to 35.1%) were associated with internal
ribotypes in the OVC laboratory (Personal Communication Joyce Bau$som Dr. Scott
Weese Laboratory), and seven isolates (25.9%; 95% CI: 12.2 to 46.8%) were new and
unclassified isolate@lable 7.1 and 7.2). Using the avian plate, ribotype 001 isolates were
resistant to ceftiofur (87.5% of isolates), penicillin (37.58&K)ytetracycline (25.0%), and
tetracyclines (50.0%), and ribotype 014 isolates were resistant to ceftiofur (100%) and penicillin
(87.5%). Using the anaerobic plate, ribotype 001 isolates were resistant to penicillin (37.5%),
tetracycline (62.5%), and cefitin (100%), and ribotype 014 isolates were resistant to ampicillin

(62.5%), penicillin (62.5%), cefoxitin (100%), and clindamycin (12.5%).

Minimum inhibitory concentrations . The minimum inhibitory concentration values of
antimicrobials tested using aviand anaerobic plates are show able 7.3. Using the avian
plates, isolates were resistant to ceftiofur (96.5%), tylosin tartrate (17.2%), erythromycin
(27.6%), penicillin (62.1%), oxytetracycline (10.3%), tetracycline (17.2%), and clindamycin

222



(24.1%).Using the anaerobic plates, isolates were resistant to ampicillin (46.4%), imipenem
(10.7%), penicillin (60.%0), tetracycline (21.4%), cefoxitin (100%), and clindamycin (32.1%).
One of 28 isolates (3.6%) was resistant to vancomycin ustegtEUsing thavian plates and
anaerobic plates, 23 of 29 isolates (79.3%) were resistant to more than one antin{icabkeal
74 and7.5). Seven of 29 isolates (24.1%b avian pl a

anaerobic plate) were multiclass resis{@mbles 7.6 and7.7).

DISCUSSION

This study captured the baseline prevalende.difficile among a large sample of
randomlyselected hwiler flocks at processing in Ontario between July 2010 and January 2012.
Clostridium difficilewas isolated infrequently (7.4% of flocks). Our findings are similar to the
reporedestimates o€. difficile isolates obtained from samples of chickenAustria (5.1%)
(Indra et al., 2009nd Texas (2.3%Harvey et al., 2011)and lower thathe reportedestimates
in Zimbabwe (17.440.0%)(Simango, 2006)and Slovenia (62%) (Zidaric et al., 2008)Similar
to our study, the Austrian study collected samples at processing, althowghuhelear whether
the birds were from commercial flocks or whether this was adleodl estimatéindra et al.,
2009) In the Texan study, 300 fecal samples fromilbr chickens were collected from six
separatdarns(Harvey et al., 2011)n the first Zimbabwe study. difficile was isolated from
20 of 115 (17.4%) chicken fecal samples collected fromrizage birds from the homesteads of
farmers in a rudlacommunity 50 km northeast of Hargf®@mango, 2006)In the second
Zimbabwe studyC. difficile was isolated from 29 of 100 (29.0%) fresh fecal samples from cages
containing live broiler chickenkl at six market places in Hargi@mango and Mwakurudza,
2008) 18 of 45 (40.0%) and 11 of 55 (20.0%) samples fromcwnmercial (freeange) and

commercial broilers, respectively, were positive. Higagge animals have opponities to roam
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and thus might be exposedQ@o difficile from the environmenfAl Saif and Brazier, 1996;
Simango and Mwakurudza, 2008y potentially, contact with other species of animals that carry
C. difficile (Keel et al., 2007; RodrigueRalacios et al., 2006; Arroyo et al., 200bhe

Slovenian study collected chicken fecal samples from a single farm from two flocks of laying
hens on multiple occasions and found that the prevat@nCedifficile samples varied with age
(Zidaric et al., 2008)five of seven fecal samplesl(4%) from one flock sampled one time at 14
weeks of age were positive f6r difficile, and 0 of 8, 24 of 24 (100%), and 92 (40.9%)

fecal samples obtained from a second flock at day one, 15 days, and 18 weeks of age,

respectively, were positive f@. difficile (Zidaric et al., 2008)

Toxin genes A and B were commonly found among the isolates in our study. Our
findings are similar to the reported prevalence of toxig€nitifficile isolates from broiler
chickens in Austria (66.7%)ndra et al., 2009and Zimbabwe (55.089.7%)(Simango, 2006)
Toxin A and B genes have been detected in isolates from neonatal(@ahog® et al., 2005)
pigs (AlvarezPerez et al., 2013and hores(Keel et al., 2007)which suggest that animals
might be a potential source of these strains to humans through retail meat contamination or direct
transmissionThe presence of genes coding@udifficile toxins A and B is associated with

CDAD in humangAlfa et al., 1998)

Among theC. difficileisolates in our study, 001 and 014 were the most common
ribotypes. To our knowledge, thdrave been no studies that have examined the clinical
significance of these ribotypes in chickeR#otype 001 has been identified from broiler
chickeng(Indra et al.2009) horsegKeel et al., 2007)cats and dog&Veeseet al., 20103)
household environmeijiVeese et al., 2010agnd retail chicken meéDe Boer et al., 2011)

Ribotype014 has been identified in isolates obtained from untreeater(Romano et al.,
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2012) beef and pork retail meéRodriguezPalacios et al., 200,7and dairy calvegRodriguez
Palacios et al., 2006Ribotypes 001 and 014 have been isolated from human patients in North
America and EuropéArvand et al., 2014, 2009; Tenover et al., 2011)

Of note, ribotypes 078 and 027 were not found among the isolates study. Our
findings wereunexpected given that ribotypes 078 and 027 have been identified in food animals
(RodriguezPalacios et al., 200@)nd retail meat, including poultryMetcalf et al., 2010; Songer
et al., 2009)and strains from animal and meat sources are expected to be @viaése et al.,
2010b) Ribotype 027 has been identified among isolates from céRadriguezPalacios et al.,
2006) and retail beef and pofKetcalf et al., 2010; Songer et al., 200R)botype 078 has been
identified among isolates from retail beef, pork, and chi¢kéetcalf et al., 2010; Songer et al.,
2009; Weese et al., 2010Mairy calvegRodriguezPalacios et al., 2006¢attle, pigs, and
horseqKeel et al., 2007)and fecal samples from broiler chicken bafdarvey et al., 2011)n
humans, ibotypes 027 and 078 have been associated with severe infections and CDAD
outbreaks in North AmericgMcDonald et al., 2005; Pepin et al., 200&8)d EuropgBacci et al.,
2011; Goorhuis et al., 2008; Keel et al., 2007; Loo et al., 200%)e eastern region of the
Netherlands, the geographical distribution of ribot9ja8 isolates obtained from swine farms
and from humans infections overlapped; however, zoonotic transmission was not established
(Goorhuis €al., 2008) This region of the Netherlands has a high density of(@gsrhuis et al.,
2008)

In our studyC. difficile isolates wereasistant to 11 of 23 antimicrobials (47.8%). A high
proportion of isolates were resistant to cefoxitin (100%), ceftiofur (96.5%), penicillin{60.7
62.1%). A moderate proportion of isolates were resistant to ampicillin (46.4%), erythromycin

(27.6%), clindmycin (24.1- 32.1%), tetracycline (17.221.4%), tylosin tartrate (17.2%),
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impenem (10.7%), and oxytetracycline (10.3%)ehativelylow proportion of isolates were
resistant to vancomyecin (3.6%ne isolatg Our findings are comparable to previousaarch. In
Texas, among sevén difficileisolates obtained from chicken fecal samples, 14% were resistant
to imipenem, 72% to ciprofloxacin, and 100% to cefoxitiarvey et al., 2011)n Zimbabwe,

among 53 toxigeni€. difficile isolates obtaingfrom farmer homesteads, 5.7% were resistant to
erythromycin, 11.3% to ampicillin, 13.2% to-trimoxazole, 98.1% to clindamycin, and 100%

to cefotaxime, ciprofloxacin, norfloxacin, and nalidixic a(iimango, 2006)Among 51C.

difficile isolates obtained amarketplace in Zimbabwe, 2% were resistant to erythromycin,
11.8% to cetrimoxazole, 25.5% to ampicillin, 94% to clindamycin, and 100% to cefotaxime,
ciprofloxacin, norfloxacin, and nalidixiacid (Simango and Mwakurudza, 2008)

This study has providadformation onthe baseline prevalence, ribotypes, toxin genes,
and antimicrobial susceptibility &. difficile in a representative sample of commercial broiler
chickenflocks in Ontario at processing. To our knowledge, this was the first study to Bolate
difficile from commercial broiler chickens in Ontario. Findi@gdifficile from a small
proportion of flocks indicatethat broiler chickens in Ontario are a resaryor C. difficile. PCR
ribotypes might have zoonotic potentiBeduced susceptibility and muttrugresistance might
challenge future use of antimicrobials of importance to human and veterinary medicine.
Classifying isolates with intermediate resistamnd full resistance as resistant might have led to
slightly higher proportions of resistant isolates than if isolates with intermediate resistance were
combined with susceptible isolates. The proportion of resistant isolates tested using MIC using
avianplates and anaerobic plates were similar (+ 83b)en the potential public health

implications, investigation of associations betw€enlifficile and aspects of flock management,
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such as biosecurity and management practices are warranted, as arenstestigating a

potential link between contaminated chicken productsGardifficile in humans.
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Table7.1. PCR ribotypes, toxin genes, and number of resi§tstridiumdifficile isolatesobtained from a 231 randomly selected

Ontario broiler chicken flocks sampled between July 2010 and January 2012 tested using avian plates

PCR No of PCR Genotyping Number of Resistant Isolates
Ribotype Isolates Antimicrobials
A+B+CDT- A-B-CDT- TIO ERY TYL PEN OXY TET CLI

00 8 8 0 7 0 0 3 2 4 0
014 8 8 0 8 0 0 7 0 0 0
HKB® 1 1 0 1 0 0 0 0 0 0
HKB 1 1 0 1 0 0 0 0 0 0
HKB 1 0 1 1 0 0 1 0 0 0
HKB 1 0 1 1 1 0 0 0 0 0
HKB 1 1 0 1 1 0 1 0 0 1
HKB 1 0 1 1 0 0 0 0 0 0
HKB 1 0 1 1 1 0 1 1 1 1
OoVC B* 4 0 4 4 3 3 3 0 0 3

TIO & ceftiofur; ERYd erythromycin; TYLS tylosin tartratePENG penicillin,OXYd oxytetracycline; TET tetracycline; CL& clindamycin.
&Minimum inhibitory concentration (MIC) testing was conducted using the microbroth dilution methoevesll@vian plates (Trek Diagnostic Systems,
Cleveland, Ohio).

®Internationallyrecognized strains.

°HKB: new, unclassified strains.

40VC B: strain asociated with internal OVC laboratory ribotypes.
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Table7.2. PCR ribotypes, toxin genes, and number of resi§tstridiumdifficile isolatesobtained from a 231 randomly selected

Ontario broiler chicken flocks sampled between July 2010 and Januarye2®d@ using anaerobic plafes

PCR N of PCR genotyping Number of Resistant Isolates
Ribotype Isolates Antimicrobials

A+B+CDT- A-B-CDT- AMP IMI PEN VAN TET FOX CLI
00 8 8 0 0 0 3 0 5 8 0
014 8 8 0 5 0 5 0 0 8 1
HKB® 1 1 0 1 1 1 0 0 1 1
HKB 1 1 0 0 0 1 0 0 1 0
HKB 1 0 1 . . . 1
HKB 1 0 1 1 0 1 0 0 1 0
HKB 1 1 0 1 1 1 0 0 1 1
HKB 1 0 1 1 0 0 0 0 1 0
HKB 1 0 1 1 1 1 0 1 1 1
ovC B’ 4 0 4 1 0 3 0 0 4 3

AMP & ampicillin; IMI & imipenem; PENd penicillin; VAN & vancomycin; TETO tetragcline; FOXd cefoxitin; CLI6 clindamycin.
#Minimum inhibitory concentration (MIC) testing was conducted using the microbroth dilution method on aneroebic platem{hektid Systems,
Cleveland, Ohio), and Etest for vancomycin.

®Internationallyrecoqized strains.

°HKB: new, unclassified strains.

40VC B: strain associated with internal OVC laboratory ribotypes
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Table7.3. Minimum inhibitory concentrations (MIC), number and proportion of resi§tbrgtridium difficileisolates obtained from

Ontariobroiler chicken flocks sampled at processing between July 2010 and January 2012 in Ontario, Canada

IVM & [HM P Antimicrobial Class Antimicrobial (Breakpoint) " MIC 50, MIC No. of No. of % of
MIC o' Isolates  Resistant  Resistant
(%) Isolates"  Isolates(95%
Confidence
Interval)
A. Microbroth dilutionmethod(n = 29)"
VCIA® cle Cephalosporia3™® Ceftiofur 4,4 2 1 (3.4) 28 96.5 (77.0,
generation 99.6)
s 0 2, R O 4) >2 28 (96.5)
VCIA Cl Fluoroquinolones Enrofloxacin >1,>1 1 2(6.9) oT
(S 0 8, R O 16) >1 27 (93.1)
VCIA Cl Macrolides Erythromycin 0.25,>2 O 0. (2(.9) 8 27.6 (13.8,
47.5)
(s 0 0.5, R O 1. 0.12 8 (27.6)
0.25 11 (37.9)
1 1 (3.4)
>2 7 (24.1)
VCIA Cl Macrolides Tylosin tartrate O 1.2!0 1. :24(827 5 17.2 (7.0, 36.7)
10
(S 0 0.5, R O 1 2.5 1(3.6)
5 1 (3.6)
>10 3(10.7)
VCIA Cl Penicillins Amoxicillin 0.25,0.5 O 0. :7(41) 0 0
(S O RDIL)S5, 0.25 16 (55.2)
0.50 6 (20.7)
VCIA Cl Penicillins Penicillin 1,1 0.25 1(3.4) 18 62.1 (42.4,
78.4)
(S OR0.C5,1) 0.5 10 (34.5)
1 17 (58.6)
2 1 (3.4)
VCIA Cl Phenicols Florfenicol O 0.5 O 0.15!27(0931) O 0
0.5
s 0 8, R O 16) 1 2 (6.9)
VCIA HI® Tetracyclines Oxytetracycline 025,>4 O 0. :14(483) 3 10.3
(SO R,0O 8) 0.25 7 (24.1)
1 1(3.4)
4 4 (13.8)
>4 3(10.3)
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