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Chapter 1: Introduction

. OVERVIEW

A. Antimicrobials and Antimicrobial Resistance

Since the mid-20 century, antimicrobials have been utilized in the protection of human
and veterinary health worldwide. According to the Centers feed&ie Control and Prevention
(CDC), antimicrobial agents are defined as “drugs, chemicagher substances that either Kkill
or slow the growth of microbes” (CDC, 2008a).The specificity of antimicrobials is
characterized by target entities or organism (i.e. antibalctinigs-bacteria; antiviral agents-
viruses; antifungal agents-fungi; and anti-parasitic drugs-HpesagCDC, 2008a). In tandem,
the use of antimicrobials for the treatment of human and animesdés has revolutionized and
eroded many advances of modern clinical and veterinary medicineimiémibials have
significantly contributed to the prevention (Nadelman et al., 2001 )traadiment of infectious
diseases in humans, as well as myriad animal species. Howleeeexcess or overuse of
antibiotics can generate genomic selective pressures to anabtgbes to adapt and acquire
resistance (Witte, 2000).

Antibiotic resistance is an evolutionary artifact of microbegtaig to environmental
changes associated with both natural and anthropogenic stressors (BaNgge, Morosini, &
Blazquez, 1998). The use of antimicrobials selects for resistames in both pathogenic and
non-pathogenic bacteria (Aarestrup, 1999). Due to the rapid reprodudisnofabacteria,
resistance can emerge in occurrence with antimicrobial ag&dsistance genes can surface in

the bacterial gene pool. Consequently, the elevated exposure to wotiials; especially at



chronic low levels, amplifies the pool of resistant bacteria;iacr@ases potential risk of clinical
infection exhibiting antimicrobial-resistance (Levy, 1998; van deagaRrd & Stobberingh,
1999).

Nodes of antibiotic resistance can emerge in a variety ohgegttincluding hospitals
(McGowan Jr., 1983), long-term facility (Strausbaugh, Crossley, Nu&s&hrupp, 1996),
community-acquired (S. Madhi, Peterson, A. Madhi, Khoosal, & Klugman, 20@0)ahin the
environment (Kummerer, 2004). The emergence of antibiotic reststanbsequently
compromises the efficacy of drugs, chemicals, or other agentdisease treatment and
prevention that could herald the onset into a “Post Antibiotic Era”, evhiex availability of
effective antibiotics no longer exists. Ultimately, increasebacterial antibiotic resistance pose
a considerable threat to public health, especially for vulnerable pigmslancluding young
children (Shea, 2003), the elderly (Nicolle, Strausbaugh & Garibaldi, 1986y

immunocompromised individuals (Hitti & Wolff, 2005).

B. Agricultural Systems and Antibiotic Resistance

A major practice that leads to the development of bacterial @ntibnal resistance is the
use and misuse of antibiotics in agriculture systems worldwiéey(L2004; Smith, Harris,
Johnson, Silbergeld, & Morris, 2002). Two diametric agricultural methods surroursstleeof
antibiotic usage in agricultural settings: 1) conventional fagnmethods that employ standard
agricultural industry practices that involve the usage of pessicidgnthetic fertilizers,
antibiotics and other agribusiness approaches; and 2) organic fggractges that involve the

production of foodstuff grown or raised without synthetic fertilizerspesticides, antibiotics,



chemicals or hormones. With the transition from small-scalditional farming to large-scale,
concentrated animal feeding operations (CAFOs) that has occumrdtiei past century,
agricultural practices have evolved to accommodate food consumptionwigtegncreased
agricultural output at the risk of introducing antibiotic-resistanb@geéns into the environment
(Silbergeld, Graham, & Price, 2008).

In the U.S., annual estimates state that between 9 and 13 millioh &gibioticsare
used for agricultural purposes (Shea, 2003). Four key functions of dosibiotagriculture
involve: 1) therapeutic--treatment of sick animals; 2) metapisdahort-term treatment for
diseased animals and prevention of spread of disease; 3) prophgaetiention of infection or
development of disease; and 4) growth promotion-- enhancement of vgaghtand feed
efficiency conversion—the amount of food converted to animal protéfrerrahan manure
(Mathew, Cissel, & Liamthong, 2007Pew Commission, 2008). Upwards of 70% of antibiotics
commercially produced in the United States are employed noagthgically in animal
agriculture to promote farm animal growth (Mellon, C. Benbrook, 8&nbrook, 2001). Many
of the antibiotics used in food animal operations are human them@pguivalents or analogs in
clinical medicine where some antibiotic usage is the only fornreztment. For example,
Synercid, a combination of quinupristin and dalfopristin, is a third- géparantibiotic of the
streptogramin class approved by FDA for human use in the U.S. (FZ9®). Synercid is the
first antibiotic approved for the treatment of vancomycin-resi&aterococcus faeciuifYREF)
infections in the presence of no alternative treatment in the B[3A, 1999). In addition,
approval had been issued for use in the treatment of complicatedarsdiskin structure

infections (FDA, 1999). Economic additional cost estimates to thehd&fthcare system due to



antibiotic-resistant bacteria range from 4-5 billion dollars per yéarrison, 1998). In addition,
several studies have suggested that characteristics of agatuénvironmental settings,
including animal crowding, CAFO hygiene, temperature, ventilation alorénd stress, can

influence antibiotic resistance and pathogen risk (Gilchrist et al., 2007).

C. Poultry Production and Antibiotic Resistance

Intensive animal feeding production of poultry can potentially providsuigable
environment for the proliferation of antibiotic resistant bact@tiayes et al., 2001 Hayes et al.,
2003; Price, Lackey, Vailes, & Silbergeld, 2007). Between 1945-1999, theypprdtuction
industry experienced an 88 % increase in the production of broildecisien billion pounds per
year (USDA, 2006). An estimated 10.3 million pounds of antibiotics aé asnually in U.S.
poultry production for non-therapeutic purposes such as promoting groatimaroving feed
efficiency with a 307% per bird antimicrobial use increaseesthe 1980s (Mellon et al., 2001).
A host of antibiotics are approved by the FDA for growth promotion intgoptoduction Table
1.

Predominantly outside of the U.S., numerous studies have reported thfeansibiotics
in poultry production as a causative agent in the establishment lob#intresistance reservoirs
within poultry flocks (Bager, Madsen, Christensen, & Aarestrup, 199yedet al., 2001 Hayes
et al., 2004; Singer & Hofacre, 2006; Price et al., 2007). Signif@ssaciations between the
use of non-therapeutic antimicrobials and antibiotic resistance garpathogenic and non-
pathogenic bacteria have been documented in several studies inwvestgahpylobactespp.,

Salmonellaspp. andEnterococcusspp. recovered from conventional and organic farming



operations (Langtongkum et al., 2005; Gupta et al., 2004; Garcia-Mifleydell, Barnes,
Davies, & Liebana, 2005). In recent work, research has exhibitegiriad of resistance
patterns ranging between an elevation (Angkititrakul, ChomveCimaita, Kanistanon, &
Waethewutajarn, 2005; Louge, Sherwood, Olah, Elijah, & Dockter, 2003), aiced(€ui, Ge,
Zheng, & Meng, 2005; Price, Johnson, Vailes, & Silbergerd, 2@0%) no effect (Joseph, in
press) in percent of antibiotic-resistant bacteria within omgamd conventional farming
operations, comparatively.

With the meteoric rise of the organic market (i.e. organic nee#lte fastest growing
sector of the organic market share (Dimitri & Greene, 2002)), nexesst is arising with regard
to conventional farms transitioning to organic practices to cg@talommercially from the
organic niche (Olberholtzer, Dimitri, & Greene, 2006). Howeverhase transitions to organic
practices occur on poultry farms, there is a paucity of knowledgeerning on-farm temporal
changes associated with antibiotic resistance and food borneidadtanited knowledge also
exists in elucidating the role of environmental factors on long-tmtibiotic-resistant patterns
and prevalence of food-borne bacteria on poultry farms. No previoummparable studies
have been fully assessed in the United States. Thus, the yoimjactive of this study was to
conduct a prospective, longitudinal, on-farm investigation in the UnitatesSto evaluate
temporal changes in antibiotic resistance and loa@alhonellaspp. andEnterococcuspp. in
association with the implementation of organic poultry production pesgtiand to further

evaluate how other environmental factors may modify this association.



D. Research Rationale

In the present study, we built upon the work of previous cross-sectitudiéss to
examine the prevalence of pathogenic/non-pathogenic bacteridnarmhtterns of antibiotic-
resistant bacteria on conventional poultry farms and farmdticamsg to organic practices. We
also sought to evaluate the influence of environmental factors on patipogealence and
antibiotic resistanceWe hypothesized that gradual changes in microbial loads and phenotypic
antibiotic resistance of Salmonella spp. and Enterococcus spp. would occur on erganic
transitioning poultry farms over time. In addition, we hypothesized #satcgations would exist
between environmental covariates and on-farm prevalence and phenotyptamesiin food-
borne bacteria in poultry production environmentBhe specific aims of the study include the
following:

1. To characterize prevalence and antibiotic resistance ®&lmonella spp. and
Enterococcusspp. recovered from the same poultry farms over time as thes fa
convert from conventional to organic practices and discontinue the use of antibiotics

2. To quantify temporal changes in on-farm antibiotic resistance camdage of
antibiotip resistance genes iBalmonella spp. and Enterococcusspp. during
conversion process

3. To evaluate associations over time between on-farm levels eratypic antibiotic

resistance oSalmonellaspp., andeEnterococcuspp. and an array of environmental
variables.

The work completed for this master’s thesis serves as tledirimdata for the long-term
prospective, on-farm study of microbial pathogen load and antimatrebsceptibility patterns

of commensalEnterococcuspp.) and pathogeni&&lmonellaspp.) microorganisms associated



with the transitioning of large-scale conventional poultry farmerganic agricultural poultry

production practices.



Chapter 2

Background



Chapter 2: Background

|. ENTEROCOCCUS

A. Historical Perspective

The genus ofEnterococcuswas first documented in 1899 by Thiercelin (Thiercelin,
1899) aentérocoque- a reference to its intestinal source and appearance asmstiart chains
in human feces. Later described in clinical cases of endocdMdisCallum & Hastings, 1899)
and via environmental isolation from sewage (Kuhn et al., 2dB®grococcusvas broadly
described as “streptococcus of fecal origin”. Subsequent orgapoisthe streptococcal genus
were identified based on fermentation activi8treptococcus faecalifAndrews & Horder,
1906); Streptococcus faeciurfOrla-Jensen,1919); arfstreptococcus duran&Sherman, 1937).
In 1937, a streptococci taxonomical system was developed toerpthe following categories:
pyogenic, lactic, viridians, and enterococcus. Taetérococcusgroup corresponded with
streptococci that grew 1) at temperatures ranging from 10°C tq 254 an adjusted pH of 9.6
and 3) at 6.5% NaCl. These organisms also could survive tempengpuarls of 60°C for 30
min and had the ability to split esculin (Sherman, 1937). WithinBierococcusgroup,
members correlated with the Lancefield serological seh#rat reacted with group D antisera
were commonly referenced as Group D Streptococcus (Murray, 1990).

Moreover, lesser known species of tBaterococcusgroup have been isolated from
human, animal, plant and food origins. Motile enterococci have b&eowledged since the
early 1930’'s (Motarjemi & Adams, 2006). A Gouda cheese-dersm@rococcuswas

described as “malodoratus” due to its pungent smell in 1955 and dateedS. faecalisvar.
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malodroatus(Murray, 1990). Another notable addition, pigmented enterococci, ideméfied
in the 1950s and a designation $f faeciumvar. casselifavus(for yellow color) was later
suggested in 1968 (Murray, 1990). Nowlan and Deibel identB&dptococcus aviurfrom
poultry in 1967 (Murray, 1990). Two watershed events ushered a taxonamatknge for
Enterococcus In 1970, Kalina recommended a separate genus for the entetastoggcocci
and the reassignment 8f faecalisS. faeciumand subspecies &nterococcudvased on cellular
arrangement and phenotypic associations; however, the proposal gedg thsregarded and the
classification as Group D Streptococcus persisted until 1984. Weéhadvent of DNA
hybridization and phylogenetic analysis, a separate genusficktgm of Enterococcuswas
warranted (Schleifer & Kilpper-Balz.1984) due to significant gergistances o8. faecalisand
S. faeciumto other streptococci. To date, the current genus classificati@mtefococcuss

valid and generally accepted within the microbiological community.

B. Genus Description

Members of the genusnterococcusnclude gram positive, facultatively anaerobic cocci
that are ovoid in form and can occur in singlet, pairs or shortngh@tacklam, 2002).
Enterococcusspp. are homofermentative lactic acid bacteria that lack loygoe enzymes
(Murray, 1990). In biochemical screerSnterococcuspp. normally exhibit catalase-negative
properties; yet some strains produce pseudocatalase and can appeamweakly catalase-
positive (Murray, 1990). The characteristic attributeEmterococcuspp. include growth at 1)
temperatures ranging from 10°C to 45°C, 2) an adjusted pH of 9.6 and 3) @&% axd

survival in temperatures upwards of 60°C for 30 min (Murray, 20B8}jerococcuslso has the
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ability to hydrolyze esculin in the presence of 40% bile g&8terman, 1937). In addition,
serological determinations involve reaction with group D antisach lenited reaction with
group Q antisera (Murray, 1990). Hydrolysis of pyrrolidonhaphthylamide (PYR) is
proficient in most representative species of enterococci. @mnby species,Enterococcus.
casseliflavusand Enterococcus gallinariumgdemonstrate motility capabilities (Facklam, 2002).
Enterococcuspp. can express alpha, gamma, or beta hemolysis on blood agasgne006).
Since the transfer & .faecalisandS. faeciunfrom the genus Streptococcus to create the genus
Enterococcusthe present number of total enterococci species is 26 basedrootakenomic

and phylogenetic analysis (Schleifer, 1984).

C. Ecological Habitat and Distribution

Enterococci reside in the microbial environment of the intestingés/arious species can
be isolated from nearly all mammals, in particular humans (Mu@90; Facklam, 2002). To
a lesser degree, enterococci exist in non-mammal resestmisas reptiles, birds, fish, insects
and even plant communities (Aaerstrup, 1999). As a ré&qutktrococcuspp are ubiquitous in
the natural environment and can be recovered from various environmeniat sl (Mundt,
1961), air (Chapin, Rule, Gibson, Buckley, & Schwab, 2005), water (Riesséf, Johnson, &
Reasoner, 1995), and food (Giraffa, 2002). Remarkably robust and re&h&bcoccuspp.
can tolerate a wide array of environmental conditions suchgiistemperatures and high pHs
that would normally inhibit or kill most microorganisms (Hardie, 198&)humans, enterococci
comprise only 1% of the enteric microflora, but are charactebyeah unexpected spectrum of

species diversity (Tannock & Cook, 2002). Species composition and domuzagaegithin the

12



intestines and across geographical landscapes (Blanch et a)., 206®me parts of the world,
E. faecalisexerts antibiotic resistance prominence. For example, MaKke@),Smith, & Cook
(2003) attributed the presence of a clonal lineage of VanA#ydaecalisvhich dominates in
vancomycin-resistarfEnterococcugVRE) isolated from poultry and humans in New Zealand.
The specific ecological and/or microbiological mechanisms promaosinch selection of

intestinal colonization are largely unknown (Murray, 1990).

D. Epidemiology and Pathogenicity

Enterococci are commensal bacteria with notable recognitiop@stunistic pathogens
of increasing public health importance (Huycke, Sahm, & Gilma898). Regarded as a
minimal-grade pathogergnterococcusspp. were historically considered of nominal clinical
impact, primarily affecting immunocompromised and sensitive indivedMurray, 1990).
Since the late 1990'Enterococcusspp., however, have emerged in clinical significance as a
leading cause of nosocomial or hospital-acquired secondary infectiogiasf@in, 1998). E.
faecalis and E. faeciumare the most prevalent enterococci isolated from clinical huma
Enterococcusinfections, accounting for 80-90% and 15-20% of infections, respectively
Enterococci-mediated nosocomial infections is the third most contanse of nosocomial
infections in the United States (Schaberg, Culver, & Gaynes, 188dlting in approximately 1
out of every 8 hospital-acquired infections each year (CDC, 2008b). Inoagl@ititerococci are
the leading cause of surgical-site infections and the thidingacause of bloodstream sepsis
infections (Richards, Edwards, Culver, & Gaynes, 2000) and are caigdi in bacterial

endocarditis, intraabdominal infections, bacteremia, and meningitiycke et al., 1998).
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Specifically, Enterococcuss also directly associated with approximately 110,000 urinait tr
infections, 25,000 bacteremias, 40,000 wound infections, and 1,100 cases of enslyeandit
in the United States (Huckye, 1998). Select risk factors aedcwith the acquisition of
nosocomial enteroccocal infections include: gastrointestinal cot@mzaprior underlying
conditions, prolonged hospital stays, transplantation, and prior antibiotic trea@iditiDCM,
2007).

The pathogenicity oEnterococcusspp. entails the general colonization of mucosal
surfaces with these organisms (Johnson, 1994). Predentgrococcug€mploys a variety of the
microbial mechanisms for the colonization and factors that inflienlonization of one species
over another in the intestinal tract are also not well understotidHigcke, & Gilmore, 1994).
However, it is known that pathogenicity of the bacterium involves a nuailsteps: a. secretion
of cytolysins and other toxins that breach cellular membranes, fioeva host immune system

defenses, and c. adherence factors (Murray, 1990).

E. Antibiotic Resistance

Virulence ofEnterococcuss heavily coupled with their inherent or acquired resistance to
antibiotics (Mundy, Sahm, & Gilmore, 2001). As defined by the Wétealth Organization
(WHO), antibiotic resistance is “a natural biological phenomenorciwhan be amplified or
accelerated by a variety of factors; where microbes owse @icquire the ability to adapt to
concentrations of antimicrobial agents” (WHO, 2002). Inherent rasistés a genetically
mediated resistance to antibiotics which is non-transferableréyut998). MosEnterococcus

spp. are innately resistant to cephalosporins and the semi-syngiegticillinase-resistant
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penicillins (e.g., oxacillin), many Beta-lactomases and lowl$egé aminoglycosides (Murray,
1998). Acquired resistance Enterococcuds a result of the mutation of existing DNA (i.e.
mutations) or the conference of resistance via genetic elersaals as transposons and or
plasmids. Enterococcusspp. are genetically “promiscuous” and easily exchange resstanc
encoding genes to othEnterococcu®r potentially more virulent noBnterococcuspecies, i.e.
Staphylococcus aureydloble, Virani, & Cree, 1992). Studies have documented the trasfsfer
antibiotic resistance genes across species’ ranges (Kuhn 20@0). As a result, multi-drug
resistant (MDR)Enterococcushas steadily increased in the last two decades (Huyclk,et
1998). Enterococci acquired gentamicin resistance in 1979 (Eliopoulos, f3i88)ed, in
tandem, by penicillin resistance (Murray, 1990) andactamase resistance (Murray, 1990)
during the early 1980’s. Vancomycin represents one of the lastiemtimal strongholds against
enteroccocal infections (Morris et al., 1995). However, vancammgsistanEnterococcusor
VRE has become a significant public health concern (CDC, 2008b). Increaskshascof VRE
infections have ballooned twenty-fold from 1989-1993 in the US (MMWR, 199Bhe
incidence of hospitalizations with vancomycin-resisteBnterococcusincreased from 4.60 to
9.48 hospitalizations per 100,000 people during 2003-2006 (Ramsey, d0@Melative risk of
death associated with antibiotic-resistant enterococci israevelds higher than that of
susceptible enterococci (Edmund, Ober, Weinbaum, & Wenzel, 1996). Teussstie of
antibiotic-resistant enterococci, specifically, VRE, has sadaas an escalating public health

hazard, in the United States and globally.
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I.SALMONELLA

A. Historical Perspective

The discovery oSalmonellas well documented in recorded history. As early as the mid-
1800s, scientific interest iBalmonellawas initiated by the organism’s potential etiological
associations with typhoid fever (Cunha, 2004%almonellawas first alluded to as a source of
infection in typhoid fever patients following the confirmation of typhts&@hsmission via the
fecal-oral route by William Budd in 1873 (Ellermeier & Slau@006). Karl Eberth (1835-
1926) noted rod-shaped organisms in the lymph nodes and spleens of typhoid pati&&0
(Ellermeier & Slauch, 2006). The first successful cultivavbisalmonellaserovar Typhi was
performed by George Gaffky (1850-1918) from German patients in 18&#r(ieller & Slauch,
2006). Concurrently, a non-human Salmonsflp., Salmonella choleraesjwsgas isolated from
a swine’s intestine by Theobald Smith (1859-1934) under the directi@awniel E. Salmon
(1850-1914) in 1885 (Ellermeier & Slauch, 2006). In 1890, the t&afonell& became the
established moniker for subsequent representative bacteria ofettezagin tribute to the

scientific contribution of Salmon (Ellermeier & Slauch, 2006).

B. Genus Description

Members of the genuSalmonellaare Gram-negative, motile, facultatively anaerobic,
bacilli belonging to the familfenterobacteracadEllermeier & Slauch, 2006). Salmonellaare
comprised of two central specie§almonella entericaand Salmonella bongori The
nomenclature oBalmonellaspecies has been marred by the traditional method of recognizing

different serovars ofSalmonellaas distinct species (Brenner et al., 2000). Presently, six
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subdivisions ofSalmonella entericasubspecies I-VI exist with over 2500 serovars currently
identified and several common serovars to human clinical infec{iteitsle 2). Serovars are
distinguished by their flagellar protein (H), lipopolysaccharide, @)ybohydrate composition
and at times capsular (Vi) antigen (Coburn, 2007). Strains assbeigth subspecies | indicate
sources of human and warm-blooded origin. Whereas, the remaurdgvisions, as well &S.
bongori, usually originate from the environment and ectoderms. Typicahmelbhology is rod
shaped bacteria with cell size varying from 0.7-1.5 um by Zrbwith growth conditions
ranging from 7-48°C-- optimal growth fd8almonellaspp. is at 37C (Ellermeier & Slauch,
2006). Salmonellaspp. are neutrophiles with optimal growth at pH 6.5-7.5 (Ellermeier &
Slauch, 2006). In addition, a water activity (Aw) level of 0.995deal for maximum

Salmonellagrowth (Cox, 1999). Prior research has determined that surface littgleels

greater than 0.90 appear to be predictivéSafmonellacontamination in broiler and roaster
houses (Carr et al., 1995). Characteristicabglmonellaspp. exhibits hydrolysis of 4-
methylumbilliferyl caprylate (MUCAP), production of hydrogenlfide, and the inability to
metabolize lactose or sucrose (Ruiz, 1996). For the remaindarsofildcumentSalmonella
species will be referred to in their annotated form, Salmonella ser. Typhimurium S.

typhimurium

C. Ecological Habitat and Distribution

Salmonella spp are ubiquitous in nature with a widespread geographical and

epidemiological distribution (Porwollik, 2002). The internal habitatSafmonellais mainly
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resigned to the intestinal region of animals (Ellermeier &i&h, 2006). Salmonellaspp. can be
isolated from nearly every environmental reservoir including saildda,Suraj, Christensen, &
Trajcevska, 2001), vegetation (Beuchat, 2002), water (Yu & Bruno, 1996),lddonas, 1976)
and food (White et al., 2001). The distributionSafimonellacan vary greatly depending on the
serovar. Generalist species such Smmonella ser. Enteritidiand Salmonella ser.
Typhimurium have established global niches (Ellermeier & Slauch, 2006). Wowmany
host-restrictive serovars are bound to specific geographicabnseeqUzzau et al, 2000).
Salmonella is found routinely where intensive agriculture prestiare prevalent. From an
agricultural perspectiveSalmonellaspp. are regularly isolated from infected food-producing
animals, animal feeds, animal foodstuffs, especially of milkeat- or egg origin, and even
within the farm environment as a reservoir.  With optimal growtl B&C, Salmonella
specifically,S. entericas well suited for growth in warm-blooded animals. In contrast, all other
S. enterica subspecies a8d bongoriexhibit a commensal relationship with poikilotherms or
cold-blood animals, i.e. reptiles, amphibians or fish (Ellermei&l&ich, 2006). The serovar
group S. enterica is further categorized by host range (Ellermeier & Slagébg). The three
main host range classifications include: a. host adapted: infecti@meofhost but with the
capacity to cause disease in others; b. host-restricted: arfeationly a single host; and c.
generalist: infection of a plethora of animals but disease asatfon varies in different hosts
(Uzzau et al. 2000; Edwards, Olsen, & Maloy, 2002). For exar8plg/phiis a host-restricted
human pathogen (Ellermeier & Slauch, 2006). In many reptile aath dpeciesSalmonella
infection is endemic but usually asymptomatic (SeepersadsingldeSsyun, 2003). Vehicles

for continued persistence in the environment include a. fecal sheddisgnmpuftomatic and
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symptomatic animals; b. contact witBalmonellainfected individuals, c. ingestion of
contaminated food products (Winfield & Groisman, 2003). Studies hawtaddhe presence
of Salmonella typhimuriunand Salmonella dublinin the environment in excess of a year
(Humphrey, 2001). The ecological resilience of Salmonella camdaited to their pathogenic
diversity which promotes its evolution with their hosts and in the enwient (Baulmer, Tsolis,

Ficht, & Adams, 1998).

D. Epidemiology and Pathogenicity

Salmonellas a leading cause of food-borne mortality and morbidity in thiged States
(MMWR, 2008). The clinical manifestation 8almonellainfection presents as Salmonellosis,
an enteric condition which ranges in severity from self-Imgitgastroenteritis to septicemia
(Shere et al.,, 1998). The severity of disease depends heavily on hoegatibilgy and the
virulence of the serovar. All serovars can produce all formslwiosellosis; however, a given
serovar is usually syndrome-specific (Ellermeier & Slauch, 2006)pr exampleSalmonella
choleraesuisis normally associated with septicemia (Uzzau et al., 20015almonella
asymptomatic carriage is experienced in five percent ohtiman population (Perreten et al.,
2005). With correspondence to disease outcome, straBamabnellaare grouped as typhoidal
and non-typhoidal organisms (Ellermeier & Slauch, 2006). An attonl.4 million cases per
year of gastroenteritis and enteric fever in the UnitemteStcan be attributed to non-typhi
Salmonella(Mead et al., 1999). Accounting for 10% of food-borne iliness in the, th&
incidence of Salmonellosis occurs at a rate of 16.20 cases per 1a0y@d0 (MMWR, 2008).

With respect to food-borne illnesses, Salmonellosis, contributes ta2@3% hospitalizations (

19



~15,000 /year) and 31 % of deaths (400-600 deaths/year) (Voetsch@@4l. Transmission
of Salmonellaspp. occurs via the fecal-oral route with fomites and insect #edter flies, also
playing major roles in the spread &almonella(Mian, 2002). Vertical transmission of
Salmonellaspp. has been documented in avian species via the infection of tHeevitel
membrane, albumen and potentially egg yolk (Berchieri Jr., 2001). hmmmaban speciedn
utero transmission ofSalmonellahas been confirmed (Ault, Kennedy, Seoud, & Reiss,1993).
Salmonellaexhibits a seasonal pattern with the highest incidence obusible food-borne
illness occurring during the summer (D’Souza et al., 2004).

The majority of isolates that cause disease in humans and siaireallassified under the
S. entericacategory (Brenner et. al., 2000). In 2007, the most common human-dssrosdrs
were S. enteritidisand S. typhimurium making up, in total, 36% of confirmed cases in the
United States (MMWR, 2008). Other important serovars assocwitbdhuman infections
include S. typhi, S. paratyphand S. hirshfeldii .Infections from specific human pathogens,
serovars Typhi and Paratyphi, result from the ingestion of-fewahminated consumables, e.g.
food or water and contact with current or chronic carriers of tgpferer (Miller & Pegues,
2000). Due to elevated standards of water and waste sanitationidtyptier is relatively
uncommon in the United States, approximately 400 cases per year, gOD&). Over two-
thirds of recognized cases in the United States result froemnattonal travel to endemic
countries such as India or South Africa with incidence rates of 88®%30 cases /100,000 per
year, respectively (Bhan, Bahl, & Bhatnagar, 2005). Typhoidrfesva global health issue of
eminent public health concern. Worldwide, typhoid affects over 21.Gmillases with a case-

fatality rate ranging from 10-35% (Maskalyk, 2003; Crum, 2003).
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The pathogenicity ofalmonellas a complex cascade of microbial and metabolic events.
All salmonellae express virulence regardless of source andthtst,se.g. carrier state (Ohl &
Miller, 2001). Pathogenicity is mediated by certain factord g strain virulence, infectious
dose, route of infection, and host susceptibility (Groisman, Fields, f&dde 1990). M cells
are the target cells ddalmonellapathogenicity (Ohl & Miller, 2001). If the proportion of
vacant M cells t&Galmonellaspp. is high, manifestation of disease will occur. The stattlgeof
normal intestinal flora dictates target cell vacancy. Abematin the intestinal micro-
environment, e.g. antimicrobial therapy, create suitable conditwr&afmonellato gain access
to M cells (Ohl & Miller, 2001). Adhesion and assimilation into the M cell taagetnitial steps
of Salmonellapathogenesis. After whiclsalmonellaare located in the submucsoal tissue and
the lymph nodule.Salmonellaexcrete enterotoxins that create a toxin-induced response in the
form of diarrhea and abdominal pain. Dissemination and reprodudtiSalmonellaspp. take
place within phagocytic cells (Slauch et al., 1997); resultingastrgastroenteritis symptoms of

Salmonellanfection

E. Antibiotic Resistance

Amongst Salmonella spp., antibiotic resistance is a well confirmed phenomenon.
Animals are the primary source of zoonotic salmonella. Combintgdimiensive animal
agricultural practices, including the therapeutic, prophylactic andtherapeutic use of
antibiotics, selection for antibiotic-resistant strain§Safmonellabecame inevitable. As early as

the mid-1960s, outbreaks of resisté®@lmonellaspp. have been observed within animal

21



populations (Threlfall, 2002)S Typhimuriumsolated from cattle has demonstrated resistance to
ampicillin, chloramphenicol, kanamycin, neomycin, streptomycin, sulfonamtééascycline,

and furazolidone (Threlfall, Ward, Frost, & Willshaw,2000). Multi-drugsis&ant S.
Typhimurium DT104 consistently display antibiotic resistance patterns to diferent
antibiotics (Threlfall, 2000). Epidemic strains have exhibited resistance to approximately nine
antibiotics (Baggesen, 2000). As reported by NARMS, 14.8% of non-Badhionellaisolates
were resistant to 2 or more Clinical and Laboratory Standardisutas(CLSI) subclasses of
antibiotics and 7.6 % were resistant to 5 or more CLSI subclass#305 (NARMS, 2005).
With respect tdS. typhimurium33.2% of isolates were resistant to 2 or more CLSI subclasses
with 23% being resistant to 5 or more CLSI subclasses (NARMS, 20RBently, a multi-drug
resistant strain of Salmonella enterica serovar Newport lasrigeestablished in the U.S. and
caused several outbreaks associated with retail meat akd@Guipta et al., 2003). Genetic-
relatedness of th&. newportU.S. strains has been detected in Japan giving credence to the

global spread of multi-antibiotic resistance (Ishiguro, 2004).

[Il. POULTRY PRODUCTION IN THE UNITED STATES

The United States ranks as the world’s leader in poultry protuahd second in egg
production (USDA-ERS, 2009). The designation of “poultry” encompadkemraesticated
fowl raised for the production of meat and eggs (USDA-ERS, 1999).piddiction of poultry
includes the rearing of chickens, turkeys, ducks, geese; assveibre exotic species such as

emus, ostrich and a variety of game birds. The geographic disinibofi U.S. poultry
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production is concentrated within four regions (Northeast, Appalachiatg, 2@ld Southeast)
representing more than 70 percent of total U.S. poultry value (USR3-1999). According
to the Economic Research Service (ERS) (under the direction ohited States Department of
Agriculture (USDA)), the on-farm value of U.S. poultry production tot@&® billion in 2007
(USDA-ERS, 2007). Within the U.S. poultry industry, total productiom{faalue in dollars)
was comprised of: broilers- $21.5 billion (67%); eggs -$6.68 billion (21%Rew$3.71 billion
(12%); and others- $50.8 million (1%) in 2007 (National Ag Statistayi€ (NASS), USDA,
2008). In particular, U.S. production of broilers, industry name for “youngkehs raised
exclusively for meat production”, has steadily increased oveathéwo decades. Production of
broilers exceeded over 8.05 billion pounds (Figure 2) in 2007, represetanty 83% of the
total birds produced that year. Top broiler producing states (in thasisE birds produced)
include Georgia (1,398,800), Alabama (1,014,900) and Mississippi (824,000) (FiguWSC3A-
NASS, 2006). Commercial demand has acted as a significant ecodioveic of U.S. poultry
production with modifications of U.S. meat-consumption patterns beginnitiggifate 1960’s
(USDA-ERS, 1999). The consumption of poultry averaged 86 pounds per person inip@oe6, tr
the 1960 consumption levels (USDA-ERS, 2008b). Dovetailing U.S. consumpti@mnpat
demand for poultry worldwide has yielded a thriving avenue for expamtadf U.S. poultry
products (Windhorst, 2007). The United States dominates as the weddé&r in exportation
of poultry products with the European Union and the Russian Federatioaj@simporters of
U.S. poultry products in 2007 (AgMRC, 2009).

The enterprise of poultry production has evolved since its recombegtion in early

1900’'s (USDA-ERS, 1999). Historically, poultry production was rdkh@o the small farms
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and yards of rural America (USDA-ERS, 1999). As an outgrowthe®gg industry, poultry
production existed for the sole traditional purpose of sustenancwy lannd the local retail
market. Poultry production was characteristic of small “baakyflocks of 10-50 chickens and
processing of poultry products occurred either close to the souncefao consumers (USDA-
ERS, 1999). In the late 1940’s, a new era of poultry production was dshenmith
developments in technology, market demand, and policy that lowered poolycpon costs to
allow for increased profitability (Reimund et. al, 1981). Agitigral research significantly
spearheaded the expansion in commercial poultry production with advanoesgrition and
disease control, introduction of new breeds, management of poultry envirgnamehproducts
(USDA-ERS, 1999). These major contributors enabled poultry production #opboefitable,
productive and viable business venture for the agricultural commw®PA-ERS, 1999). The
metamorphosis of the poultry industry led to the abandonment of srakdl{saultry operations
(flocks of less than 100) and the adoption of large-scale industriakieos with flocks of
upwards of 500,000 (USDA-ERS, 1999).

Subsequently, rapid growth of the poultry industry and commercial deh@andided in
the present-day “conventional” farming of poultry. Conventional faghs defined as standard
agricultural practices used widely throughout the U.S. industryriblatde the use of antibiotics,
other antimicrobials and genetically modified organisms (GM@dged. Figure 4 illustrates
the conventional practice of poultry production in the United Statesdistictive feature of
conventional poultry production in the United States is the orgamimedtscheme. The majority
of the U.S. poultry industry operates under a vertically integrateduction system (Figure 6)

(NCCES, 2007). Vertical integration is a distinct mechanisnmhafes obligation of production
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and processing expenditures via contractual affiliations betweerefs and poultry companies
(USDA-ERS, 1999). Poultry companies or “integrators” own the prowpsacilities,
hatcheries, and feed mills. Integrators establish production cenwébt independent poultry
“grow-out” farms for the raising of broilers to market weightSQA-ERS, 1999). Contract
farmers are commonly responsible for providing the land, poultry house(d) equipment
(USDA-ERS, 1999). As well, contractors absorb the costs of labatiestilinsurance, taxes,
waste disposal, and other miscellaneous farm expenses (NCCES, @0@rgas, the integrator
firm generally supplies the feed, bird flocks, medications and fgplFinancial compensation
of the contract growers is related to the grower’'s performgamount of birds produced)
(USDA-ERS, 1999). The arrangement is mutually beneficial: ccinfeamers avoid large
capital investments in feed and birds with less market risk aedratbrs profit from a constant
supply of products with less long-term investment (NCCES, 2007). After Worldl\Wartical
integration progressively became the standard amongst poultry produdées U.S (USDA-
ERS, 1999). By 2003, more than 90 percent of the poultry in the Uneiées Stas vertically
integrated (AgMRC, 2009). Top producers include (in order of production rankiggpn
Foods, Inc.; Pilgrim’s Pride Corp; Gold Kist; Perdue Farms and eéssod Farms (AgMRC,

2009).

V. ORGANIC FARMING AND POULTRY

Organic farming has steadily emerged as an importantiahivisf agriculture in the
United States (AREI, 2006). Organic agriculture is defined a&s éeological production

management system that promotes biodiversity, biological cgol@soil health” (NAL, 2007).
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Since the adoption of the Organic Foods Production (OFP) Act of 1990, natigyalic
standards have been created for the certification of organiafad and livestock (NAL, 2007).
The extent of organic farming and certified organic farmlaratigqupled from 1990 to 2005, and
in 2005, all 50 states in the U.S. had certified organic farmlan®@QAJSRS, 2002.). Organic
acreage of farmland systems are categorized by farm produatitputs with cropland and
rangeland representing 1.7 and 2.3 million acres, respectivBI9A-ERS, 2002)

Although the practice of organic agriculture is expanding and reaeked 20 countries,
obstacles for overall adoption still exist (Morgan & Murdoch, 2000}ertain hindrances to
organic adoption practices involve high managerial costs, risks amsbcwith organic
transitioning, shortages of organic grains, lack of knowledge regandyagic farming systems,
and lack of certified organic processing plants (USDA-ERS, 2002). thNelaess, the incentive
for organic-transition remains with reference to lower input castsservation of nonrenewable
resources, capitalization on growing niche markets, and ultimateas&s in farm income
(SARE, 2007).

Within the organic food market, organic meat is the fastestiggosector with growth of
over than 67.4 percent to 114 million in 2005 (Figure 5) (NFM, 2006). Orgaea and
poultry are considered “gateway” organic products or first orgamanuodities purchased by a
consumer which could dictate future organic purchasing of other producks as cereal or
snacks (Dermitt, 2004). Other gateway products include produce, sayyand baby foods
(Dermitt, 2004). Consumer demand for organic meat and poultry have been byi issues
surrounding overuse of antibiotics and growth hormones, the inhumaneenéatiivestock,

and the natural environment (NBJ, 2004). The organic meat market,wd®le, has been
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influenced by the competing “natural” meat industry which is mouired to meet USDA
organic regulations (USDA-NOP, 2003).

Organic poultry is the largest sector of the organic meat tndy®©TA, 2006).
Representing 1 percent of the total poultry market, organic pquitguction has quadrupled
since 2003 with over 13 million of birds in 2005 (Figure 7) (OTA, 2006)jguré 4 depicts a
typical organic poultry production facility. California, Pennsylvaniegbfska and lowa
comprise the top four U.S. states for organic broiler production @ualiated for approximately
94 percent of total U.S. organic poultry production in 2005 (Table 3). Tisefinited
knowledge about the structure of the organic poultry industry with som@acoes being
vertically integrated while other poultry companies operatepeidonal relationships (USDA,
2007). Organic poultry are reared organic from at least dayptwie and are at market weight
in 70 to 81 days (Dimitre & Greene 2006). The demand for organi¢rpdas outpaced the
supply of organic broilers (AgMRC, 2008). Consumer interest in orgaouttry has steadily
intensified with more than 7 out of 10 individuals purchasing organic chi¢k8DA, 2008).
However, hindrances associated with adherence to the OFP Act of 198Ccdmsiderably
stifled the short-term industry growth (Greene, 2007). The exuggdnigh cost of feed,
representing 70% of poultry production expenditures, is a specific tdstaorganic poultry
market expansion (Greene, 2007). Yet despite this and other obstagasic opoultry

production is predicted to grow annually upwards of 38% by 2010 (NBJ, 2006).
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V. ANTIBIOTIC USAGE AND ANTIBIOTIC RESISTANCE IN
AGRICULTURE

The use of antimicrobials in agriculture is a prevalent praati food animal production.
According to Aaerstrup et al. (1999), over 50% of all antimicrobiabess attributed to food
animal production. In the United States and abroad, a wide armytioficrobial agents are
utilized in food animal production (Silbergeld et al., 2008). Tableegiols the registered
antimicrobials of clinical importance that are used in animatalgure (FDA, 2004). In food
animal production, antimicrobials are administered for therapeuti@nsnéor treatment of
infection, prophylactic purposes in advance of symptomatic and asymptoronditions, and
non-therapeutic purposes for growth promotion and improved feed efficiersye{wsr, 2003).
The use of growth promoting agents (GPAS) in feed preparationater supplements illustrate
the largest segment of antibiotic use in poultry production (Medtcad., 2001). In compliance
with USDA mandates, GPAs are characterized as “as antidbmtigplements added to the feed
of food animals to enhance growth rate and production performancejeivér et al., 1999).
This differs greatly from antibiotic use for therapeutic andppylactic purposes which are
normally dispensed under higher dosage regimes. To date, a liodigdof literature exists
substantiating the assertion for improved effects on growth fatsconversion efficiencies or
general flock quality by way of GPAs (Graham, Boland, & Silbergeld 2007)

An accurate total concerning the amount of antibiotics used fothapapeutic purposes
in animal agriculture remains elusive. The Union of Concerned &tienhjectures that 24.6
million pounds of antibiotics are utilized for non-therapeutic purp@¢bstellon et al., 2001). In

contrast, the Animal Health Institute purports that a total of 17.8 million poundsilobéics are
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used in animal agriculture for the entire spectrum of purposdg @000). Overall, the current
estimate of non-therapeutic usage of antibiotics in food animal produeinges between 3.1
million pounds to upwards of 25 million pounds in the United States, anniéijof et al. ,
2001; AHI, 2000). The historic administration of non-therapeutic antibidbcsgrowth
promotion was commercially pioneered in late 1940s and universallyeatloythin five years
(Jukes, 1953). Jukes (1953) contended that the use of a chlortetraayoéinded meal
produced faster growing chicks in comparison to soybean-feed coamg$e Mechanisms of
growth promotion efficacy are unknown (Visek, 1978). Current dosag®At® prescribed at
concentrations below 200 grams per ton of feed for a minimum of 14 days (USDA, 2006).
The usage of GPAs in food animal production is a major public héadtattbecause this
practice can contribute to the emergence of antimicrobial aesestworldwide (Levy, 2004,
Silbergeld et al., 2008). A myriad of factors contribute to tee @nd extent of antimicrobial
resistance in both pathogenic and commensal bacteria. Levy @98B) theorizes that the
amount and method of antibiotic administration used in food animal productomof® the
selection of antibiotic-resistant bacteria. Chronic, low-levekglad antibiotics, characteristic
of GPAs administered in the animal production environment, encouragelith@ation of
susceptible bacteria and yield the expansion of resistant bacteria popuatities2000).
Constitutive and acquired are two forms of resistance to antibiar agents (S.
Normark & B. Normark, 2002). Constitutive resistance refergs$tstance associated with the
lack of cellular mechanisms needed for antibiotic susceptibBtyNormark & B. Normark,
2002). Whereas, acquired resistance denotes genetic-based gesisgiarhromosomal mutation

or the attainment of antibiotic resistance genes via horizoeta¢ gransfer (Prescott, 1999).
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Certain significant mechanisms of antimicrobial resistangelve the following: a. enzymatic
inactivation of antibiotics, b. failure of antibiotics to permeateugh the bacterial cell wall, c.
alteration in target receptors, and d. development of enzymes/protémséow drug affinity
(Mazel, 1999).

The clinical importance of bacterial antibiotic resistancga$§ noted among commensal
and pathogenic bacteria in numerous peer-reviewed studies. Balz2002) estimated that
an attributable fraction of between 13% and 26% of desgstantSalmonellainfections are
acquired through an antibiotic resistance. Many drugs used immaetemedicine have identical
analogs that are used in human medicine (Khachatourians, 388, 2005). Animal-derived
antibiotic-resistant bacteria can colonize the intestinal fafrddumans. Donabedian et al.
(2003) provided molecular evidence of animal —human transfer of gemaregistance in
Enterococcusisolates through food. To address concerns associated with aoiiialic
resistance, the National Antimicrobial Resistance Monitorirgje®y (NARMS) was established
in 1996 to survey antibiotic-resistant bacteria in humans, retaitsmaal the agricultural
environment (NARMS, 2009).Ultimately, extensive and improper use of antibiotic drugs in
food animal agriculture can establish reservoirs of antibiotistee® bacteria, greatly impacting

public health (Levy, 2004; van den Bogaard, 2000).
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Chapter 3. Methodology

[. STUDY SITE DESCRIPTION

Two types of farms were included in this study: large-scaleventional poultry farms
that housed >15,000 broilers per house (control farms), and large-scalentonal poultry
farms that were within the first year of transitioning toamig practices (intervention farms).
Characteristic differences between the conventional and organsitimaing poultry farms (see
Glossary) included size, birds/house, amount of sunlight, and antibiotihiandoal usage. All

farms were located in the Mid Atlantic region of the U.S.

. SAMPLE COLLECTION

From March 2008- June 2008, environmental samples were collected ctotrol
poultry houses (n=10) and intervention poultry houses (n=10). Three maindfygamples
were collected from each house: poultry litter, water, and feed.

Three 500g poultry litter samples (~500g) from the top 1 to 2 citterf\ivere aseptically
collected from 3 locations defined by a 0.5-1.®amea within each poultry house. One sample
was collected in the middle of the house away from automated feledater lines, one sample
was collected from beneath automated feed lines and one samptoiNeated from beneath
automated water lines. Air flow, water activitywyAand ambient light also were measured at
each poultry litter sampling location. Air flow and ambient ligle#re measured using a light
meter, respectively, six inches above each litter samplirsgitocand Aw was measured using a

calibrated water activity meter (PawKit, New York, NY).
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Two water samples (~600 mL) were retrieved using steévihrl-Pak® collection bags
(Nasco, Fort Atkinson, WI ) from raw source watbefpre any possible UV or chlorination
treatment) and finished water (water provided to brogdtesr any possible UV or chlorination
treatment) from each poultry house. One poultry feed sample (g)308s collected in a sterile
Whirl-Pak® collection bag (Nasco, Fort Atkinson, W1 ) from thedfeepper within each house.
All poultry litter, water and feed samples were mailed ovértnégnd processed in the laboratory

for the cultivation and isolation &nterococcuspp. andsalmonellaspp. within 24 hours.

[ll. POULTRY FARM QUESTIONIARRE: Environmental Indices

To elucidate the influence of environmental factors on prevalehsisteptible and
antibiotic-resistant bacteria at all participating farmstuas questionnaire was developed (See
Appendix). Data concerning ambient conditions were collected hydimg questions about the
date, season, ambient air temperature inside and outside of poultrys,hlagve humidity
inside and outside of poultry houses and rainfall. Breeder practicewdetacollected by
including questions regarding the types of breeder birds, breeder cgnapangntibiotic usage
on breeder farm. Hatchery practices variables incorporatedmatmn involving hatchery
company name and antibiotic usage at hatchery. In refererg@wer farm characteristics,
examined environmental variables included the following: grower compamber of weeks
since transition to organic practices began, geographic locatiorematidio other conventional
or organic poultry farms, poultry house size, type of ventilation systgraultry house, air flow

in poultry house; square footage allowance per bird, average timeogpgidie by flock per day,
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amount of sunlight in poultry house, type of water in nipple feedeys,df/feed, type of poultry
litter, poultry litter management practices, poultry litterater activity.  Lastly, bird
characteristics were also documented and utilized in the ati@yrof environmental factor

analysis.

V. ISOLATION

A. Isolation and Enumeration of Enterococcus spp. &alimonella spp.
from Water

Isolation of Enterococcuspp. andsalmonellaspp. from water samples was performed
in accordance with standard membrane filtration methods: U.S. Envinbaimrotection
Agency (EPA) Method 1106.1 and Method 1103 (U.S EPA, 2000), and standard method SM
9222D [American Public Health Association APHA 1998]. Dilutions oheaater sample (£0
10%, 102 and 10°) were prepared, and 10 mL of each dilution, as well as 10 mL and 1@ mL
each original sample, was filtered through 0.45um (cut size), 47(sameter size)nixed
cellulose ester filters (Millipore, Billerica, MA). Eaditter was placed orcnterococcusigar
(EA) and XLT4 Agar for the isolation dEnterococcuspp. andSalmonellaspp., respectively.
Throughout the water membrane filtration method, negative contraisfitere employed for
guality control and assurance. All water sample filters wergbated at 41°C fdEnterococcus
and 37°C forSalmonellafor 24 hr. Presumptive colonies Bhterococcusanged in appearance
from brown to black with a brown-black precipitate on EA agar. 18rtgj colony morphology
for presumptiveSalmonellaspp. was indicative of black colonies associated with a yellowr col

change on XLT4 agar. Enumeration of resulting colonies and conoamsraf Enterococcus
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spp. andSalmonellaspp. per 100 mL water were ascertained using back calculatioms f
dilution plates containing 30-300 CFU. Of recovered presumgEnterococcusspp. and
Salmonellaspp., three bacterial isolates per water sample were arahigdicella broth with

20% glycerol at -80°C.

B. Isolation of Enterococcus spp. From Poultry Littnd Poultry Feed
Samples

Poultry litter and feed samples were enriched in a 1:10 weagitlume dilution of 100
mL of Enterococcosel Broth for 24 hr at 41°C. Positive and negatimgot broths were
included in this experiment for quality control and assurance. Afehr, 10 uL of the
enrichment culture was streaked onto Enterococcosel Agar (EA)nantated overnight at
41°C. A single positive colony was streaked onto Brain Heart briu@HI) agar, a non-
selective media, for purification of presumptizaterococcussolates and incubated at 41°C for
24 hr. A substantial colony swab was collected from each Bldt pgrification plate and

archived at -80 °C in Brucella broth with 20% glycerol.

C. lIsolation of Salmonella spp. From Poultry Litéend Feed Samples

Salmonellaspp. were recovered from poultry litter and feed samples ustag-atep
enrichment process. Initially, litter and feed samples weeeepriched in a 1:10 weight to
volume dilution of 100 mL of Lactose Broth for 24 hr at 37°C. From thetdse Broth
suspension, an aliquot (1mL) of the suspension was added to 15 mL of Hajathibnate

Broth supplemented with a prepared iodine solution (1.2 mL per 15mL o&Hapnd incubated
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overnight at 37°C. Control (positive and negative) broths and agar platesinetuded for
quality control and assurance. After 24 hr, 10 uL of enrichment cuitasestreaked onto XLT4
Agar and incubated at 37°C overnight for the isolatiorsaimonellaspp. For samples that
were initially Salmonellanegative using this method, a secondary enrichment-recovery was
executed which entailed leaving the TT Hajna enrichment on the bemébrtan additional 4-5
days and subsequently streaking a loopful of the suspensions onto Xafflatps. After
which, a single positive colony was streaked onto Brain HeartitmfuBHI) agar, a non-
selective media, for purification of presumpt&almonellasolates and incubated at 37°C for 24
hr. A generous swab of colonies was collected from each B&i jurification plate and

archived at -80 °C in Brucella broth with 20% glycerol.

V. IDENTIFICATION

A. Identification of Enterococcus Recovered fromtaiN&oultry Litter and
Poultry Feed Samples

Briefly, all presumptiveEnterococcudsolates were streaked from archival stocks onto
Blood Agar Plates and incubated at 41°C for 24 hr. For presumptivelfigiitun of
Enterococcusspp. from water, poultry litter and feed samples, a biochemice¢rsiog process
(in order of method) was employed: gram staining for appearanagaai-positive cocci;
catalase test for the production of catalase in the preser®® bfydrogen peroxide; and PYR
testing for the enzymatic activity of pyrolidonyl-arylamsga(PYRase).  All gram-positive,
catalase negative, and PYR test positive isolates were roedfiand identified to the species-

level using the automated biochemical identification Vitek ® Sysf¥itek ®Compact 2;
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BioMérieux Vitek Systemdnc., Hazelwood, MO) in accordance with the manufacturer’s
specifications. Vitek 2 Compact Gram-Positive (GP) colorimetards were utilized for the

interpretation of a suite of biochemical screening tests appropridiaterococcuspp.

B. Identification of Salmonella Recovered from &/aPoultry Litter and
Poultry Feed Samples

Briefly, all presumptiveSalmonellaisolates were streaked from archival stocks onto
Blood Agar Plates and incubated at 37°C for 24 hr. The biochemicahsweests performed
on presumptivesalmonellaspp. recovered from poultry litter, water and feed samples included
(in order of method) Gram Staining, the oxidase test, the LysimeAgar (LIA) test, and the
Triple Sugar Iron Agar (TSI) test. All gram-negative, oselgositive, LIA positive (alkaline
slant: alkaline butt) and TSI positive (alkaline slant: acid hsitptes as described by the FDA

Bacteriological Analytical Manual [ttp://www.cfsan.fda.gov/~ebam/bam-5.html¢lidvere

presumptively identified aSalmonella Positive cultures were confirmed using the automated
biochemical identification Vitek ®System (Vitek ® Compact 2; bioMéx Vitek System#nc.,
Hazelwood, MO) by the manufacturer's guidance. Vitek 2 Compact Glegative (GN)
colorimetric cards were utilized for the interpretation of desof biochemical screening tests
appropriate for genus-level identification $&lmonella spp. For speciationSalmonella spp
were identified utilizing serological methods described in Bi®A Center for Veterinary
Medicine Food and Animal Microbiology Laboratory Standard OperatingeBuoes (530-058
R-1): Serology of Salmonella Spp. Isolatesing CDC antisera and Difco antisera (Becton

DickinsonMicrobiology System, Cockeysville, MD, USA).
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VI. ANTIMICROBIAL SUSCEPTIBILITY TESTING

Antimicrobial susceptibility testing was performed on Bhterococcus(n=394) and
Salmonella(n=121) isolates. @ As depicted in Figure 1, antimicrobial mihimiibitory
concentration (MIC) values fdEnterococcus and Salmonelkolates were determined using the
automated Sensititre™ antimicrobial susceptibility testingesys{Trek Diagnostic Systems,
Westlake, Ohio) according to the manufacturer’s directions. A O0BaNand Standard was
placed into a nephelometer for calibration. Colonies from pure 18-B#tbres were transferred
to sterile Sensititre demineralized water. 30 of suspensionEnterococcusand 30 L of
suspension almonella were added to sterile of Sensititre cation-adjusted Muéliaton
broth. Briefly, an approximate 5 X 1€CFU/mL inoculum of each isolate was prepared from a
Mueller-Hinton broth suspension to achieve a turbidity equivalent to B&Farland standard.
The final inoculate (50uL) was dispensed into microtitre 96-pwktes embedded with test
antimicrobials. Plates were incubated in the Automated Rgaalial Incubation System (ARIS)
at 37°C for 18 = 1hr. The first 100 plates were read both manumalyia the ARIS system for
quality assurance comparisons of MIC determinations; subsequent samgpéeread by ARIS
exclusively.

Sensititre susceptibility testing was performed with thelofohg antibiotics:
(Enterococcus spp chloramphenicol, ciprofloxacin, daptomycin, erythromycin, flavomycin,
gentamicin, kanamycin, lincomycin, linezolid, nitrofurantoin, penicillin,reomycin,

quinupristin/dalfopristin, tetracycline, tigecycline, tylosin, and vangmm and (Salmonella
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spp) amikacin, augmentin, ampicillin, cefoxitin, ceftiofur, ceftriaxpnehloramphenicol,
ciprofloxacin, gentamicin, kanamycin, nalidixic acid, streptomysirfisoxazole, tetracycline,
and trimethoprim-sulfamethoxazole. In accordance with Cliracal Laboratory Standards
Institute (CLSI) guidelines for broth- microdilution methods (wwsi.org;M31-A3),
interpretation criteria were used to evaluate resulting MICGSnterococcus faecali&@TCC
29212 and ATCC 5129%taphylococcuaureus ATCC 29213, and®’seudomonas aeruginosa
ATCC 27853 wereused as quality control strains in antimicrobial Md&terminations.

Inconclusive and indefinable ARIS system readings for MIC resdts vepeated.

VIl. STATISTICAL ANALYSIS

Enterococcusspp. (n=260) andalmonella spp. (n=121) recovered from all positive
poultry farm samples were included in the statistical armaly&8eneral linear latent and mixed
models (GLLAMM) were used to evaluate associations betwees cdt@ntibiotic-resistant
Enterococcusspp. andSalmonellaspp. and on-farm environmental factors, including poultry
production type (i.e. conventional or organic-transitioning). The QUMAmMethod was used to
account for the clustered nature of the study design which maeedssary to adjust for intra-
poultry house and intra-poultry farm variability.  Within the GLLAM framework,
environmental factors were individually modeled against the auii®iotic resistance data for
Enterococcus spp. (gram-positive) andSalmonella spp. (gram-negative). A step-wise
construction of antibiotic-specific models incorporating multiplgnsicant environmental
variables was employed yielding consideration to potential caliitye between variables.

Subsequently, odds ratio were determined to compare the odds of entéstance between
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production types integrating selected environmental factors. stalistical analyses were
performed using STATALO (Stata Corporation, College Station, Td)ia all casesp values <

0.05 were regarded as statistically significant.
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Chapter 4: Results
. POULTRY HOUSE CHARACTERISTICS

Table 5 summarizes descriptive data concerning poultry house chateste
meteorological conditions, and broiler information surveyed in orgaansitioning (n=10) and
conventional (n=10) poultry operations in the Mid-Atlantic United States March 31, 2008
to June 2, 2008. Organic-transitioning poultry houses, on average, weaetehaed by a
seven-year house age difference compared with conventional coutstedpiathe time of
sampling, average duration of organic-transitioning practices in pdwtrses was 1.7 months.
Comparatively, conventional poultry houses exhibited higher mean vdhresseveral
meteorological and environmental parameters including inside temperaiside humidity, and
water activity. Conventional poultry houses were characterizecarbyaverage of 8,250
additional broilers/house, and broilers that were an average of @& vedder than organic-
transitioning poultry house equivalents. Organic-transitioning poultry esodemonstrated
structural differences from conventional houses. Average lemgtkthh and ambient light of
organic-transitioning poultry houses were greater than that abtineentional group. The mean
mortality rate was 4.7% in organic poultry houses compared to 2.56%nwermtional houses.
Neither organic-transitioning nor conventional poultry houses documeimedoutdoors for

broilers at the time of baseline sampling.
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[I. ENTEROCOCCUS

A. Prevalence of Enterococcus spp.

Enterococcusspp. were isolated from every organic-transitioning and conventional
poultry farm tested during this baseline sampling period. Inr@mviental samples recovered
from conventional and organic poultry production house environments, the poevadén
Enterococcuspp. was 100%. The prevalenceéeoterococcuspecies was prominent across all
environmental media. Interestingly, 60 percent of the waterdimgkes in conventional poultry
houses wereEnterococcuspp. positive compared to 30% in organic-transitioning settings. In
this study, the predominant environmental media for the recoveEntefococcuspp. isolates
between both production types was poultry litter with similatrihistion across litter sample

location (Table 6).

The predominanEnterococcusspecies from all environmental samples, constituting
approximately 50.4% of total isolat&hterococcuspp., wa€. faecium(Table 7) Within each
type of production practice, the most common species isolate& wascalis(50%) in organic-
transitioning ande. faecium(52%) in conventional production (Table 7). Organic-transitioning
poultry houses reveal greater species diversity ar&omgrococcuspp. (Table 7). As presented
in Table 8, a broad distribution oEnterococcusspecies was evident in a variety of
environmental media sampled. In conventional settingi@d€iumwas the predominant species
isolated from every environmental media sample except poultry esouater. Ninety-three
percent of poultry waterline isolates from conventional poultry howses E. faecium(Table

8). Conventional poultry houses demonstrated grdatégrococcusspecies diversity within
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poultry feed samples. With respect to organic-transitioning produetieinonments, Efaecalis
was isolated solely from within poultry litter samples (EaBl). Of the total environmental
isolates, the noknterococcuspp. recovered were the following: thirty-two (11%) isolatesewer
identified asStaphylococcuspp., 3 (1%) isolates weRedioccocus sp@and 4 (1.35%) isolates
were unidentified.

B. Antibiotic Resistance of Enterococcus spp.: Minimahibitory
concentration (MIC) distributions

Classified by production type, the MIC distributions &nterococcusspp. are
summarized in Table 9. Overall, &lhterococcuspp. isolates from conventional and organic-
transitioning poultry houses displayed similar ranges of MI€Esze (36%) antimicrobial agents
associated with conventional settings had wider MIC ranges thganioftransitioning
Enterococcussolates. Conventional poultry houses were characterized ategnumber of
isolates expressing the highest MICs. Inter-species ditfesewere evident amorkfy faecalis
and E. faeciumMICs associated with the different types of poultry houses éTa0l& Table
11). ConventionaE. faeciumsolates expressed a wider range of MICs and a greater noimbe
isolates at the uppermost MIC comparedEtdaecalisisolates. For example, conventiofal
faeciumisolates had wider MIC ranges for 9 (66%) antimicrobial egenmpared to that of

organic-transitioning isolates.
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C. Antibiotic Resistance of Enterococcus spp.: Rascst Patterns

ConventionalEnterococcusspp. isolates expressed resistance to a higher number of
antibiotics compared to organic-transitioning isolates (Figure 8 general, intermediate
resistance to a greater number of antibiotics was more commongaorganic-transitioning
Enterococcudgsolates as shown in Figure 9. ConventioBaterococcugsolates displayed
overall higher percentages of resistance to across 83% (14/17)mbtamtgents compared to

organic isolates (Figure 10).

Statistically significant differences were evident betweroduction types for 9 out of 14
antibiotics tested with isolates recovered from conventional pouttages expressing elevated

percent resistance compared to organic poultry houses (Table 17)

None of the organic-transitioningenterococcusisolates expressed resistance to
chloramphenicol, gentamicin, linezolid, and tigecycline. In tesfmsoth organic-transitioning
and conventional poultry houses, all isolates displayed susceptibitigptomycin, flavomycin,
and vancomycin. Similar antibiotic resistance patterns were rdvide erythromycin and
tylosin, which are both constituents of the macrolide antibioticscl&githin poultry production
type, severaEnterococcuspp. expressed multi-drug resistance. Over a thihtdrococcus
isolated from conventional poultry environments (37%) were resistanat tbeast three
antimicrobial classes compared to 10.3% Hifterococcusisolates in organic-transitioning
settings in this study. Relative to organic-transitioning polltysesE. faeciumisolates from
conventional houses expressed elevated levels of percent antisedtanee (Figure 11). The

most prominent differences occurred with penicillin (2.38% vs. 52.86%0) (0.05) and
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tetracycline (11.90% vs. 81.43%)) ( 0.05). As illustrated in Figure 1E. faecalisisolates
from conventional broiler production expressed higher resistance toajogity of antibiotics
tested except for tetracycline. Due to intrinsic resistatath organic-transitioning and
conventionalE. faecalisisolates expressed complete antibiotic resistance to linconarl
similar rates of resistance for Synercid, a human andlogrginiamycin. In addition, the
Pediococcusspp. (n=3) isolated from feed samples were resistant to vanognayc intrinsic

trait of that species.

[ll. SALMONELLA .

A. Prevalence of Salmonella spp.

During this baseline sampling period, the prevalenc&alfmonellaspp. on organic-
transitioning and conventional poultry farms in this study was 100% a%d déspectively.
Salmonellaspp. were isolated from several organic-transitioning (n=8) and sbaral poultry
houses (n=3). The prevalence of Salmonella within organic poultryesaaosthis study was
80% compared to 30% in conventional poultry houses. In this study, the predbmina
environmental media for the recovery $&lmonellaspp. isolates was poultry litter 2 (under
waterline) in organic-transitioning poultry houses and poultry feedomventional poultry

houses (Table 11).

An array of Salmonellaserovars were identified from both conventional and organic-
transitioning poultry houses (Table 12)S. kentuckyvas the predominant serovar; accounting

for 63% of totalSalmonellaspp isolates (Table 13). Salmonellaspp. were present in three
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types of environmental media (poultry litter, feed and soil) re@av&éom conventional poultry
houses; howeverSalmonellawas only found in poultry litter collected from organic-
transitioning poultry houses (Table 14). Of conventional poultry houses is@ates)tuckyvas
exclusively isolated from poultry litter. Of the total enviromta isolates, the noBalmonella
spp. recovered were the following: three (2.7%) isolates were fidenéis Escherichia coli e
coli, 1 (.9%) isolate was lactose-fermentkgcoli, 3 (2.7%) werd’>seudomonas luteola isolates

and 3(2.7%) isolates wef&trobacter freundi

B. Antibiotic Resistance of Salmonella spp.: MIC Disitions

MIC distributions of Salmonellaspp. categorized by production type are presented in
Table (Table 15). On the whole, organic-transitioning poultry housesstemty displayed a
higher number of isolates within the lower concentration range oMtedistribution for all
antibiotics tested. Conventional poultry houses displayed a higher nofnbelates within the
upper concentration range of the MIC distribution for augmentin, altitpi@nd ceftriaxone.
Consistently, conventional and organic-transitioning poultry houses didptengogous ranges
of MICs for all Salmonellaspp. isolates. Five (33%) antimicrobial agents associated with
organic-transitioning production environments had wider MIC rangesSdtmonellaisolates

than those recovered from conventional settings.

C. Antibiotic Resistance of Salmonella spp.: ResigdPatterns

Conventional and organic-transitioniSglmonellaspp isolates exhibited resistance to a

similar suite of antibiotics. (Figure 13). Intermediate Stasice to a higher number of

a7



antibiotics was more common among organic-transitioSalgnonellaspp. isolates (Figure 14).
ConventionalSalmonellaspp. isolates displayed a higher percent resistance companeghiac
isolates for augmentin, ampicillin, cefoxitin, and ceftiofur (Fey 15). Among the
aforementioned antibiotics, there were no significant differefs#s/een production types.
Similar antibiotic resistance patterns were observed feptstmycin and tetracycline, members
of the aminoglycoside and tetracycline antibiotic classepeotisely. In addition, there were
no significant differences in resistance to these antibioticseeet isolates from conventional
and organic-transitioning poultry houses (Table 15). None ofSHimonellaspp. isolates
expressed resistance to amikacin, ceftriaxone, chloramphemipobfloxacin, gentamicin,
nalidixic acid, sulfisoxazole, and trimethoprim/sulfamethoxazartenécrobial agents. Within
both production types, onl$. kentuckysolates expressed resistance to any particular antibiotic
with remaining serovars being susceptible to all antimicrobeésied (Figure 16). Multi-drug-
resistantSalmonella sppisolates also were prevalent in this baseline study (Table Baxty-

two percent of organic-transitioning. kentucky isolates were resistant to at least 2
antimicrobials, and 21% of conventiorfal Kentuckywere resistant to at least 2 antimicrobials.
Of highlight, 21% of 24 convention@. kentuckyisolates were resistant to 6 antimicrobials

tested compared to 4% of organic isolates.

IV. ENVIRONMENTAL FACTORS

Percent resistance to all antibiotics was compared between done¢rand organic-
transitioning houses using the GLLAMM model. Several environmentaébles were also

modeled using GLLAMM to determine whether associations existadebat environmental
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factors within the poultry production environment and the prevalence diicdittiresistant

Enterococcuspp. andsalmonellaspp..

A. Enterococcus

Enterococcuspp. p-values were compared in association with individual environimenta
variables in conventional and organic-transitioning poultry house adjukimgtra-poultry
house and farm variation modeled across the suite of tested aggibidh tandem, collinearity
was examined between selected environmental factors priorcéoporation into antibiotic-
specific multivariate model using GLLAMM with highly collinegariables (>0.5) excised from
the model (Table 17). Only streptomycin (STR) resistance stasstically significantly
different between conventional and organic-transitioning poultry housessatiation with any
environmental factors modeled using GLLAMM when adjusted for iptnaltry house and-farm
variation. Humidity inside of the poultry houses was successfudjefrfit with significant STR
resistance differences between production systems. In our, thedy is a 2.7 times more likely
odds of STR resistanEnterococcusisolates recovered from conventional poultry houses
compared to organic-transitioning poultry houses (95% CI =[1.2 ,6.0]; P<0.@fféy,
controlling for humidity inside the houseln addition for every unit increase in humidity the
odds of STR resistance Enterococcussolates within conventional poultry houses decreases by

a factor of .96 compared to organic-transitioning poultry houses (95% CI =[.93,.9901Rx0
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B. Salmonella

There was no statistically significant difference inpressed resistance to a particular
antibiotic between conventional and organic-transitioning poultry housessaitre entire suite
of tested antibiotics. Therefore, analysis of the influencenefronmental variables and odds

ratio calculations were not ascertained.
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Chapter 5: Discussion and Conclusions

|. DISCUSSION

In this baseline study, antibiotic-resistaéfmterococcusand Salmonellawere isolated
from conventional and organic-transitioning poultry farms. This iditsieepidemiological on-
farm study in United States to investigate temporal trendstibiotic resistance ddalmonella
spp. andEnterococcusspp. recovered from poultry farms undergoing conversion to organic
practices and discontinuing the use of GPAs. Moreover, this stunbyés in the examination
of potential environmental risk factors for antibiotic resistamceonventional and organic-

transitioning poultry farms.

Overall, results confirm differences in prevalence and amtibial susceptibility of
Enterococcusand Salmonellaspp. recovered from conventional versus organic-transitioning
poultry production systems. Specific findings indicate that theemiglevated prevalence of
Enterococcuspp. in samples recovered from conventional poultry production environarahts
a greater percentage of these isolates are resistarguiteaof antibiotics compared to isolates
recovered from organic-transitioning poultry environments (Table and Fig)re As depicted
in Table 12, there was a higher prevalenceSafmonellaisolates recovered from organic-
transitioning poultry houses during time of sampling. Two major ariibresistant patterns
emerged from examination @almonellaisolates obtained from differing broiler production
systems (Figure 15). Members of thdactams and cephems antimicrobial class exhibited

higher percentage of resistance in organic-transitioning pdwirges than conventional poultry
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house complements(Table and Figure 15). There werEnterococcudsolates resistant to
daptomycin, flavomycin or vancomycin. This result makes sense bewansemycin was
never approved for use in poultry production in the United States AU3001). In addition,
there were no statistically significant differences in aatibiresistance between production
types for older generation antibiotics such as lincomycin (vegjfamd toEnterococcussolates)

and streptomycin and tetracycline (with regar@#&monellasolates).

Because this was a baseline study, our purpose was to examingnaml prevalence
and antibiotic resistance &nterococcuspp. andsalmonellaspp. by production type within the
first-year of the study. As the foundation for a 4-year l@rgitstudy, our investigation did not
anticipate significant differences for a majority of antilustiested due in part to the initial stage
of the study. In capturing the most accurate measure of themapidgical intervention on
production practices within poultry environments, study sampling commeatctdte earliest
point of conversion. The lion’s share of organic-transitioning fathesifitervention group) had
only recently undergone conversion--on average, they had converted wi¢hipravious 2
months before initial sampling. Intuitively, it is most probablet th& organic-transitioning
poultry houses more mirrored conventional counterparts and thus signditfarences between
production types would not be as apparent at time of sampling. Tdgable justification for
the low prevalence and absence of significant resistancempditerences between production
types forEnterococcusspp. and, in particular the majority 8&lmonellaspp., isolated in this
study. To this end, an explanation for the lack of associations be®vegronmental factors

and antibiotic resistance can also be explained by this phenomenon.
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A. Enterococcus

In environmental samples collected from conventional and organic-toansi poultry
farms, the prevalence dEnterococcuswas 100%. Enterococcusfaecium proved to be a
pervasive organism across the majority of environmental media. réeBudts indicate higher
levels species diversity observed in organic-transitioning poultryelsous As the organic-
transitioning poultry houses do not utilize antibiotics across apgcasof the production
continuum, it is probable that a more diverse populationEwnferococcusspp. could be
established due to the absence of selection pressures assoctateghtviniotics which can
normally displace susceptibl&nterococcusspecies. The results indicate a statistically
significant difference between poultry production systemsHoterococcusresistance to a
majority of the antibiotics tested in the direction of conventigrultry production. These
findings are in agreement with cross-sectional studies congpaanventional and a variety of
poultry production practices along the organic certification specivbere data reveals higher
percentages of antibiotic-resistant bacteria on conventional ypdaltms and conventional
poultry products. In a one-year cross-sectional study of conventmublorganic poultry
houses, findings from Joseph et al, 2006 indicated that the percehtagmeciunresistant to
nine different classes of antibiotics was statisticallyni§icantly higher among isolates
recovered from conventional poultry houses compared to organic poultryshoudere
specifically, 98% oE. faeciumfrom conventional poultry houses were resistant to erythromycin,
compared to 43% of isolates recovered from organic poultry housesb(OR 95% CI = 22.1-
134.4) (Joseph et al. 2006). Similarly a study conducted by Pradg20205) which compared

fluoroquinolone-resistanCampylobacterspp. on conventional versus antibiotic-free poultry
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products found conventional products had statistically significantly higdds of carrying

resistant isolates compared to antibiotic-free products.

B. Salmonella

There was a more striking contrastSalmonellgprevalence between samples originating
from conventional versus organic-transitioning poultry farms, with sssnfilom organic-
transitioning farms characterized by an approximately 2.5-fajtidniprevalence ddalmonella
spp. These findings are generally consistent with previous sttidiehave observed higher
loads of Salmonellain organic poultry farms and products compared to conventional
counterparts (Cui et al.,, 2005; Miranda et al., 2007; Van et al., 2006). x@lanation for
increased prevalence 8almonellain organic settings has been hypothesized to involve contact
with potential environmental reservoirs®dlmonellanfections. As mandated with the organic
certification process for poultry production, organic farms musta@fboultry flock access to the
outside environment. Piekus (2008) theorizes, outdoor access may intltreassk of
Salmonellainfection via contact with feces of wild birds or other animalsr rieganic poultry
production facilities. Some of the major animal reservoirs inabadie dogs, opossums, rodents,
raccoons, badgers, chipmunks, and skunks via fecal shedding (Jacob, Griggsde 2008).
Specifically, mice represent a perpetual sourc8amonella principally, S.enteritidis(Davies
& Wray, 1996). However, in our study poultry growers reported tietotganic-transitioning
broilers never roamed outside even when provided access to an outdoandioeding that
biological vectors presumably did not play a role Smlmonella prevalence in organic-

transitioning poultry houses.
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The predominant serovar 8lmonellafound in both types of production environments
wasS. Kentuckywhich was also the only serovar to express resistance tdieulzarantibiotic.
Interestingly, feed contamination vi&almonellaspecies was prevalent in conventional poultry
houses in this study, exclusively. Historically, there has beentdd inference that formulated
feeds are principal contributors in the introduction of resistad-tmrne bacteria (Levy, 1998)
in agricultural settings. However, the organic-transitioning poulbyses which discontinued
use of GAPs, expressed antibiotic-resistance for sev@a#tinonellaspp. isolates in this study.
This study further provides evidence in which other environmentalsrgoutld be potentially
contributing to the prevalence and antibiotic resistan&@abfhonellaspp. in poultry production

environments.

Production type played no significant role in percentages of antirexistant
Salmonella Similar levels of antibiotic resistance in both organic and cdrowl poultry
facilities have been observed in other gram-negative bacteeices. Luangtongkum et al.
(2006) also observed high levels of tetracycline-resistarhpylobacterspp. among isolates
from both organic and conventional poultry farms. Upon reflection on thmomderance of
Salmonellamulti-drug resistance in conventional poultry settings, our basdita suggests
differences in the expression of multi-drug resistance psofilegsed on production practices.
These findings support evidence from Cui et al. (2005) which reported@f& ofSalmonella
entericaserovar Typhimurium isolates recovered from conventional poultry pegucthased
in Maryland grocery stores were resistant to at leasttBnecrobials, while 79% of isolates
recovered from organic poultry products were susceptible to 17 argbiats. Likewise, Ray et

al. (2006) observed that conventional dairy farms tend to be more tikdigve at least one
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Salmonellaisolate resistant to five or more antimicrobial agents wiempared with organic
farms. However, the small number®&lmonellaspp. in this study does not permit a conclusive

statement.
C. Environmental Factors on Antibiotic Resistaic@oultry Houses

A variety of environmental factors were examined to evaluatdevitbey impacted the
prevalence of antibiotic-resistant bacteria in conventional and crgramisitioning poultry
houses. Inside humidity was statistically significantly asdedi with differences in prevalence
of STR-resistantEnterococcusspp. between conventional and organic-transitioning poultry
houses. Humidity provides a suitable environment for bacteriaitgr in general, may
contribute to the spreading of bacterial contamination throughoutryptwitises Coupled with
the inherent genetic promiscuity Bhterococcuspp., elevated bacterial population levels may
yield the opportunity for potential acquisition and proliferation ofdesi antibiotic resistant
gene elements throughout the poultry production environment.  Howavebjologically
plausible explanation for an association between humidity and theadecin antibiotic
resistance of Streptomycin can be ascribed to thermakstishreshold response to thermal
stress associated with increased humidity could contributevéosien of resistant bacteria to
susceptible wild-type over considerable time. Further resemakghrranted to investigate a more

conclusive interpretation.

At the time of sampling, statistically significant diffecers in antibiotic resistance were

not evident forSalmonellaspp. between conventional and organic-transitioning poultry houses.
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This finding is not surprising due to the time of sampling and thelibasstage of the
longitudinal study. Sampling was performed at the beginningogk fintroduction within the
poultry houses which may impact the dynamics of antibiotic egwist and influence of
environmental factors on resistance. As to provide the mostaaeduaseline data, the organic-
transitioning poultry houses were chosen at the genesis of dmfersion to organic practices.
Poultry houses in the organic-transitioning (intervention) group wereyverage, 3 months
removed from the practices associated with conventional poulimsfarTherefore, significant
differences between production types based on the adoption of organteces would be
seemingly premature and inconsistent with previous studies. ébewedies have documented
differences in antibiotic resistance and prevalence of badeeana more extended time-span.
For example, Aarestrup (2001) revealed a 14-fold decrease in Wegmee of glycopeptide-
resistante .faeciumin broilers following a 1995 Danish avoparcin ban, after a five-tfieze

period (72.7% in 1995 to 5.8% in 2000).

II. LIMITATIONS

This baseline study had several major limitations which are enhém epidemiological
research and artifacts of preliminary data collection. lizjirgte study is limited by geographical
location in that all poultry farms were located in the Mid-Atla United States. However,
poultry products produced in this area are widely distributed in thied)Sitates; therefore, the
limited geographical locations covered in this study would not liléfigct the generalizability
of the results. Secondly, recovery 8hlmonellaacross all environmental samples was

potentially limited by our isolation techniques. Some studies bhuw/n that a Rappaport-
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Vassiliadis (RV) enrichment protocol may be more effectivesatating Salmonellai.e. water
samples, compared to TT-Hajna enrichment protocol that we usesl.malgihave been why we
isolated a relatively low number &almonellacompared td&nterococcus.In addition, we were
not able to capture on-farm levels of pH in environmental mediahwhay play a significant
role in the prevalence of bacterial organisms since pHimitng factor for bacterial growth.
Thirdly, the short sampling period proved to be a hindrance in anglyznvironmental
associations over time, including the potential effect of@edsvariation. Seasonal variation
will be adjusted for with subsequent sampling seasons during the gdsyear study. Lastly,
sample independence was an issue in this study because samm@eslustared due to the
collection of multiple environmental samples within the same polltyse and the same
poultry farm. The selection of the GLLAMM for binary outcomes whassen to adjust for
intra-poultry house and intra-poultry farm variation between sansplates recovered in the

study.

[ll. PUBLIC HEALTH IMPLICATIONS

Within the industrial farm animal production complex, the use of &SPAfood-animal
production could present a potential human health concern with regard to exposuntsidtic-
resistant bacteria and; thereby, significantly compromiseftieacy of the arsenal of antibiotics
utilized for treatment of clinical infections in the United 8t By way of a recent declaration
by the Infectious Disease Society of America (ISDA)ghfs associated with antibiotic
resistance have been deemed as a public health “epidemic”initeel States (Spellberg et al.,

2008). Direct epidemiological analyses relay that antimietalesistant bacteria populations
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derived from food animals can be transmitted to human populations (maBadmard, 2000;
Angulo, Nagrund & Chiller, 2004). Presently, the emergence and pexssof antibiotic
resistance in pathogenic and commensal food-borne badtasiading Campylobacter spp
Salmonellaspp. andeEnterococcuspp. endangers individual human health, as well as the public
health infrastructure (Altekruse, 1999; Heuer, 2006; IOM, 1998; MolP@85). Conservative
estimates suggest that the attributable fraction of food-borngiciti resistant non-typhoidal
Salmonellaspp. and. infections from food animals is 2.6%, (Barza, 2002). Sphgijftbare is
evidence that the use of antimicrobials, specifically GPAgaultry production could be a
contributor to the development of antibiotic resistance in pathogadic@nmensal food-borne
bacteria (Gorbach, 2001, Idris, 2006; NRC, 1999; Wegener, 2003). Inteadlbti a number of
studies have explored the role of poultry production in the rise of aintHoesistant bacteria
(Wegener, 1999; Heuer, 2001; Bywater, 2004). EU countries, in respotise potential public
health threat, banned four growth promoters (bacitracin, tylosin, sginajrand virginiamycin)
in 1998 due to structure and mechanistic relatedness to human antibjotalents (EU
Commission, 2003).

From a public-health perspective, our specific study demoesttiaé effectiveness of an
intervention initiative promoting the cessation of antibiotic uséhiwi poultry production
environments. Organic-transitioning, as characterized by thendisaation of antibiotic use,
may lead to significant reductions in antibiotic-resistance intpoehvironment over time. We
observed nascent reductions in antibiotic resistance of selectetddonel bacteria in association
with production practice conversion. Subsequently, the alteration of pi@dwperations may

lead to lower risks associated with exposure to resistant fooe-li@cteria either directly
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(contact with food-animals) or indirectly (consumption of foodstuffs amoimated with resistant
food-borne bacteria) in connection to poultry production. This baseliney sgenerates a
primary scientific source for a U.S. scenario involving the cetembolishment of antibiotics
of public health importance in food animal production. The outcome oSty could prove
very timely and influential within the national political landpe. On March 17, 2009,
Congresswoman Louise M. Slaughter and Senator Edward Kennedy irettloaus!l to curtail

excessive usage of antibiotics in the Nation’s food supply by adugc#te phase out of
antibiotic formulations utilized in both human and veterinary medicinefomd animal

production. The legislation, Preservation of Antibiotics for MediCetatment Act(H.R.

1549/S. 619), would be enacted to:

a. Phase out the non-therapeutic use in livestock of medically Bmport
antibiotics;

b. Require this same tough standard of new applications for approval of
antibiotics;

c. Provisions for the therapeutic use of antibiotics in the tedtrof sick
animals, treat pets and other animals not wused for food
consumptior{GovTrak, 2009)

The PAMTA would prove to be a monumental step in the fight againgiicm
resistance in clinical infections. Ultimately, the analysign this longitudinal study examining
the organic-transition process may provide vital scientific knowlettgeundergird such
legislative action and spur necessary change in U.S. publib peicy regarding antibiotic use

within the industrial food animal production complex.
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V. CONCLUSIONS

In summation, the results of this baseline study confirm the lpres@aand current levels
of susceptible and antibiotic resist&itterococcuspp.andSalmonellaspp. in conventional and
organic-transitioning poultry farm environments. These findings sugtiegt production
management practices may play a role in the prevalence amib@ntresistance of selected
bacterial species within differing poultry production operations.addition, the influence of
environmental factors within the environmental-microbial-resistgren@digm was explored
with respect to production practice. Our study findings demonstratenitial effects of an
ecosystem-level intervention to reduce the prevalence of antibial resistance in food-borne
bacteria derived from farm environments via modification in prodocgractice. In addition,
this baseline study establishes the foundation for future compavetikeexamining antibiotic
resistance in differing poultry production environments over tinle conclude, this on-farm
intervention study will contribute to the growing body of knowledgesxamining the food-
borne bacteria and antibiotic resistance patterns in food anmodligiion environments as a

measure of organic production practice adoption.
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List of Tables

Table 1: Clinical and Laboratory Standards Institute Intetative Criteria for
MIC determinations oEnterococcuspp. andsalmonellaspp.

Tested i
Antimicrobial Class  Antimicrobial Agent range Resistance

Breakpoint
(ug/ml)
Aminoglycosides
Amikacirg 0.25-64 32
Gentamicig 64-2048 500
Gentamicig 0.125-16 16
Kanamycin 64-2048 512
Kanamycin 64-2048 64
Streptomycia 256-2048 >1000
Streptomycig 16-64 64
Bambermycin
Flavomycin 0.5-32 >32
B-lactam/
Blactamase inhibito
combinations
Augmentin
(amoxicillin-clavulanic
acidx 0.5-32 16
Ampicilling 0.5-32 32
Cephems
Cefoxtin 0.25-32 32
Ceftiofurs 0.06-16 8
Ceftriaxone 0.25-64 64
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Table 1: (cont'd)

Chloramphenicol
Chloramphenicel

Chloramphenicael
Folate pathway inhibitors

Trimeth/sulfameth
Glycylcyclines

Tigecycling
Glycopeptides; glycopeptide

Vancomycig
Lincosamides

Lincomycin:
Lipopeptides

Daptomycir
Macrolides

Erythromycin

Tylosine

Nitrofurans

Nitrofurantoirg
Oxazolidinones

Linezolid:
Pencillins

Penicilline
Streptogramins (combo)

Quinupristin/dalfopristia

Sulfathiazole

Sulfisoxazole
Tetracyclines

Tetracycling
Tetracycline

64

1-32
1-32

0.125-8

0.015-0.05

0.25-32

0.05-32

0.25-16

0.25-8
0.125-32

1-64

0.25-8

0.25-16

0.5-32

16-512

0.25-32
4-32

32
32

4/76

0.2%

32

16

512

16
16



Table 1: (cont'd)

Quinolones
Ciprofloxacirn 0.06-4 4
Ciprofloxacirs

Nalidixic Acids 0.25-32 32

2 All resistance breakpoints are those defined by CLSI unless otkeratisd.

® For daptomycin and tigecycline, resistance breakpoint has not bedisksthb
Report as non-susceptible.

E Antimicrobial agents tested @&nterococcuspp.
S Antimicrobial agents tested @almonellaspp.
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Table 2 Most commorSalmonellaspp. serovars isolated from Humans

SALMONELLA
RANKING SEROTYPE

Typhimurium
Enteritidis
Newport
Heidelberg
Javiana
Montevideo
Braenderup
Muechen
Saintpaul

=

© 00 N O O b WDN

Paratyphi B

=
o

Source: Adapted from Most Common Serotypes an8algonellgnon-Typhi) Isolates from
Humans, Retail Meats, and Food Animals, 2005
available awvww.fda.gov/cvm/Documer2803NarmsExeRptT5. pdf
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Table 3: Organic Poultry Production in top four statesrird000-2005

Top four States for organic poultry production, 2000 and 2005

Slate Animals procliced  Share of LLS, Slate Animals producsd  Shars of LIS,
in 2000  organic produstion in 2005 anganic production
Number Percant Number Parcent
Brailers Brailers
California 1,200,000 g2 Califarnia 3,567 425 i
North Caralina 410,242 21 Pannzylvania 2,880,800 2f
Oldahoma 140,000 7 Nabraska 2,405 54 23
liiwa 60470 4 ] Bae 280 g
Total 1818412 a4 Total 8,770,054 a4
Layer heng Layer hens
North Caralina 462576 42 MNorth Carolina 304,500 15
Pannzyhvania 148,078 13 Califrnia 2,070 14
Califarnia 116,608 0 Pennzybvania 273,905 13
Virgiria 43 680 B lowa 242 5% 12
Total 820,043 7 Total 1,009 0a2 54
Turkeys Turkeys
Califarnia 7664 84 Michigan 56,729 0
New Mexico 500 5 Pannsylvania 43845 4
Ohio 20 2 Califrnia 18,025 13
lowaPennzybvania (T) 200 2 lowa 15,260 11
Tutal 8574 a3 Total 138820 o

Source: USDA, ERS, 2006b: Organic Agricultural Production in 2005.

www.ers.usda.gov/data/organic/
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Table 4: Selected antimicrobials approved by the FDA fa usbroiler
production

L , Labeledasa  gyample of Human Drug
Antibiotics Used in Poultry Growth Exhibiting Complete Cross-
Promoter resistance

Aminoglycosides

Streptomycin No Kanamycin, Neomycin

Neomycin No Kanamycin

Gentamicin No None
Aminocyclitols

Spectinomycin Yes None
B-lactams

Penicillin Yes Ampicillin
Decapeptides

Bacitracin Yes Bacitracin
Fluoroquinolones

Enrofloxacin No Ciprofloxacin

Sarafloxacin No None
Lincosamides

Lincomycin No Clindamycin
Macrolides

Erythromycin No Clarithromycin,Azithromycin

Tylosin Yes Erythromycin
Tetracyclines

Chlortetracycline Yes Oxytetracycline, Tetracycline,

Oxytetracycline No Chlortetracycline, Tetracycline

Oxytetracycline,

Tetracycline No Chlortetracycline
Streptogramins

Virginiamycin Yes Quinupristin/Dalfopristin
Bambermycin Yes None
Novobiocin No None
Oleandomycin Yes Erythromycin
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Table 5: Poultry House Demographics for study Conventi@mal Organic-transitioning poultry house

Mear o0th percentil 90th percentil

Organic _ ~ Organic ~ Organic _
Poultry House transitioning Conventional transitioning Conventional transitioning Conventional
Characteristics (n=10) (n=10)
Organic Months 1.71 0 1 0 3.55 0
Temperature (outside) 59.53 68.99 55 67 74 80
Temperature (inside) 68.27 73.38 68 73 75 77.5
Humidity (outside) 57.02 53.9 47.5 43 99.9 73.5
Humidity (inside) 68.6 69.5 68.5 69 90 89.5
Airflow 0.33 0.703 0.4 0.5 0.7 1.9
Water Activity (A,) 0.829 0.838 0.85 0.855 0.965 0.95
Ambient Light, Fans on 7.26 7.1 3.575 5.53 16.7 13.41
Ambient Light, Fans off 2.23 : 1.93 : 3.1 :
Length of house 500 411 500 500 500 500
Width of house 46.8 44.6 48 44 48 50
Depth of poultry Litter 5.4 4.8 5 4 7 8
Months after litter char 4 2.14 2.33 4 12 8
Number of chickens 22550 30800 24000 30800 24000 30800
Age of flock 35.8 36.1 35 36 40.5 40
Mortality rate 4.704 2.56 4.475 2.5 6.9 2.6
Minutes outdoors 0 0 0 0 0 0
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Table €. Enterococcuspp. isolated from water, poultry litter, and
poultry feed samples collected from conventiona arganic-
transitioning poultry farms

Poultry House

Type

_ ORGANIC-
Environmental TOTAL TRANSITIONING CONVENTIONAL
Source (n=260) (n=126) (n=134)
Poultry Litter (1) 64(25.0) 35(28) 29(22.1)
Poultry Litter (2) 61(23.4) 30(24) 31(23)
Poultry Litter (3) 60(23.1) 30(24) 30(22.3)
Poultry Feed 57(22) 27(21.4) 30(22.3)
Water (Source) 2(.8) 1(.8) 1(.75)
Water
(Waterline) 16(6.2) 3(2.4) 13(9.7)
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Table 7: Distribution ofEnterococcuspecies isolated from organic-
transitioning and conventional poultry productigstems

Poultry House

Type

_ ORGANIC-
Species TOTAL TRANSITIONING CONVENTIONAL
Identification (n=260) (n=126) (n=134)
Enterococcus
durans 9 (3.46) 7(5.55) 2(1.49)
Enterococcus
durans/hirae 1(.38) 1(.79) 0
Enterococcus
faecalis 122(47) 63(50) 55(41)
Enterococcus
faecium 131(50.4) 42(33.3) 70(52.2)
Enterococcus
gallinarium 7(2.7) 5(3.97) 2(1.49)
Enterococcus
gallinarium/faecium 1(.38) 1(.79) 0
Enterococcus hirae 12(4.62) 7(5.55) 5(3.73)
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Table & Distribution ofEnterococcuspecies isolated from water,
poultry litter, and poultry feed samples collectexn conventional and
organic-transitioning poultry farms

Type of House Species
E.durans E.faecalis E.faecium E.gallanarium E.hirae

Conventional
Poultry Litter 1 (n=29) 0 8(28.6)  20(68.5) 1(3.45) 0
Poultry Litter 2 (n=31) 0 16(51.6) 15(48.38) 0 0
Poultry Litter 3 (n=30) 0 10(33.3) 16(53.3) 1(3.33) 3(10)
Poultry Feed (n=29) 0 10(34.5) 15(51.7) 1(3.45) 3(10.3)
Water: Source (n=1) 1(100) 0 0 0 0
Water: Waterline (n=13) 0 0 12(92.3) 0 1(7.69)

Organic-

Transitioning
Poultry Litter 1 (n=35) 0 20(57.1)  9(25.7) 4(11.4) 2(5.71)
Poultry Litter 2 (n=30) 6(20) 16(53.3) 8(26.7) 0 0
Poultry Litter 3 (n=30) 0 27(90)  1(3.33) 0 1(3.33)
Poultry Feed (n=27) 1(3.57) 0 22(81.4) 0 4(14.3)
Water: Source (n=1) 0 0 1(100) 0 0
Water: Waterline (n=3) 1(33.3) 0 1(33.3) 1(33.3) 0
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Table 9: Minimal inhibitory concentration (MIC) distributie ( g/ml) for
17 antimicrobials amongEnterococcusspp. (n=260) collected from
conventional and organic-transitioning poultry farm

Enterococcus spp. (n=260)
Antimicrobial Production No. of Isolates MIC (ug/ml) of. MIC Range
Agent Practice 0015 0 01010305 1 2 4 8 16 32 64 128 256 5U®4 2048 >2048  (ug/ml)

Chloramphenicol

Conventional 0 6169 2 2 2-32
Organic-Transitioning 318 5 0 2-16
Ciprofloaxcin
Conventional 2 8 61 2043 0.25- 4
Organic-Transitioning 3 14 53 4113 0.25-4
Daptomycin
Conventional 1 53 29 41 054
Organic-Transitioning 1P 55 42 19 0.54
Erythromycin
Conventional 40 19 16 8 5° 05-8
Organic-Transitioning 39 28 23 14 20 0.5-8
Flavomycin
Conventional 2?5 5 1263 1- 16
Organic-Transitioning 336 2 156 1- 16
Gentamicin
Conventional 1?5 5 12 128- 1024
Organic-Transitioning 120600 0 0 128
Kanamycin
Conventional
Organic-Transitioning
Lincomycin
Conventional
Organic-Transitioning
Linezolid
Conventional
Organic-Transitioning

73



Table 9: (cont'd)

Enterococcu spp. (n=26(

Antimicrobial Production No. of Isolates  MIC (ug/ml) of: MIC Range
Agent Practice 0005 0 01010305 1 2 4 8 16 32 64 128 256 5uW4 2048 >2048  (ug/ml)
Nitrofurantoin

Conventional
Organic-Transitioning
Penicillin
Conventional
Organic-Transitioning

Streptomycin

Conventional

Organic-Transitioning
Quinupristin/
Dalfopristin

Conventional

Organic-Transitioning
Tetracycline

Conventional

Organic-Transitioning
Tigecycline

Conventional

Organic-Transitioning
Tylosin

Conventional

Organic-Transitioning
Vancomycin

Conventional

Organic-Transitioning

! For daptomycin and tigecycline represents numbersusceptible
# Number of isolates with MICs gretater than or edaiahe highest concentration on Sensititre plate
" Number of isolates with MICs less than or equahtlowest tested concentration on Sensiitre plate
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Table 10: Minimal inhibitory concentration (MIC) distributis ( g/ml) for
17 antimicrobials amongnterococcus faecali$€180) collected from
conventional and organic-transitioning poultry farm

Enterococcus faecal (n=118)

Antimicrobial  Production No. of Isolates by MIC (ug/ml) of: MIC Range
Agent Practce 0015 003 006 013 025 05 1 2 4 8 16 32 64 17 512 1024 2048204¢ (uglml)

Chloramphenicol

Conventional 0 2 3 1 7 43
Organic
Transitioning 0 6 5 5 0 4-16

Ciprofloaxcin

Conventional 0 3 4 5 3 054

Organic

Transitioning 0 0 3 2 & 1- 4
Daptomycin

Conventional € 45 0 4 054

Organic

Transitioning 2 51 8 2 054
Erythromycin

Conventional 5 g 0o 3F 05-8

Organic

Transitioning 17 5 g o 1F 0.5 8
Flavomycin

Conventional 2 4% 1 1 B 1- 16

Organic

Transtioning o3 0 o T 1- 16
Gentamicin

Conventional ¢ o 1 & 128- 1024

Organic

Transitioning 62 0 0 o0 128
Kanamycin

Conventional 2 1 0 17 64- 1024

Organic

Transitioning 5 1 0 & 64- 1024
Lincomycin

Conventional 0 0 0 0 7 4 1- 32

Organic

Transitioning 0 0 0 0 13 5¢° 132
Linezolid

Conventional 2 @11 0 0 0522
Organic
Transitioning 0 11 39 13 0 14
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Table 10: (cont'd)

Enterococcus faecal (n=118)

Antimicrobial  Production

No. of Isolates MIC (ug/ml) of:

MIC Range

Agent Practice

0.015 0.03 006 0.13 025 05 1

16 32

T 512 1024 2048204 (ug/ml)

Nitrofurantoin

Conventional
Organic
Transitioning
Penicillin

Conventional
Organic
Transitioning
Streptomycin

Conventional
Organic

Transitioning
Quinupristin
Dalfopristin

Conventional
Organic

Transitioning
Tetracycline

Conventional
Organic
Transitioning
Tigecycline

Conventional 2

Organic

Transitioning 0

Tylosin

Conventional
Organic
Transitioning
Vancomycin

Conventional
Organic
Transitioning

11

11

19 18

18 34

5

0

2b

0

31

39

22

19

20

37

24

Zb

22

10

38

4¢

63

3¢

13

2-8

3 6 6 5 512-2048

58 2 2 3 512-2048

2-64

2-8

32

0.03-0.5

0.06-0.25

1-4

! For daptomycin and tigecycline represents numbersusceptible

Number of isolates with MICs gretater than or édaahe highest concentration on Sensititre plate
"Number of isolates with MICs less than or equah®lowest tested concentration on Sensititre plate
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Table 11:Minimal inhibitory concentration (MIC) distributi@( g/ml) for
17 antimicrobials amongnterococcus faeciunm€113) collected from
conventional and organic-transitioning poultry farm

Enterococcus faeciu (n=113)

Antimicrobial Production No. of Isolates associated with MIC (ug/m) of: MIC Range
Agent Practce 0015 003 006 0125 025 05 1 2 4 8 16 32 648 1256 512 1024 2048 >2048 (ug/mi)

Chloramphenicol

Conventional 0 33 3 1 0 4-16
Organic
Transttioning 1 14 21 0 0 2-8

Ciprofloaxcin

Conventional 1 1 16 12 40° 0.25-4
Organic
Transttioning 0 3 15 15 ¢ 054
Daptomycin
Conventional P 6 B 3 0.5-4
Organic
Transttioning o2 % 1 054
Erythromycin
Conventional ¥ 13 g 7 ¢ 05-8
Organic
Transttioning ? 3 13 10 £ 05-8
Flavomycin
Conventional 0 2 4 1 57 2- 16
Organic
Transitioning 0 3 2 o0 37 216
Gentamicin
Conventional 52 5 4 8 128- 1024
Organic
Transitioning 2 0 0 0 128
Kanamycin
Conventional W 18 0 18 128- 1024
Organic
Transitioning B 19 1 2 128-1024
Lincomycin
Conventional ¥ 0 3 5 6 5 1- 32
Organic
Transttioning & 2 2 3 16 1£ 1- 32
Linezolid
Conventional 0 1 51 2 1 1-8
Organic
Transitioning 0o 7 27 8 0 1-4
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Table 11:(cont'd)

Enterococcus faeciu (n=113)

Antimicrobial  Production No. of Isolates associated with MIC (ug/ml) of: MIC Range
Agent Practice 0015 003 006 0125 025 05 1 2 4 8 16 32 648 125 512 1024 2048 >2048 (ug/mi)
Nitrofurantoin
Conventional 0 0 5 6 32- 64
Organic
Transitioning 0 3 2 3 16- 64
Penicillin
Conventional £ 6 2 12 9 3F 05-16
Organic
Transtioning 2 1 9 2 1 1 05- 16
Streptomycin
Conventional 64 12 512-208
Organic
Transitioning 4 10 5122048
Quinupristin
Dalfopristin
Conventional o o2 o113 132
Organic
Transttioning 0 4 5 2 1 0 1-16
Tetracycline
Conventional w o2 2 5 43
Organic
Transtioning ¥ 4 0 ¥ 432
Tigecycline
Conventional 0 19 34 16 1 0.06-0.5
Organic
Transitioning 1 13 208 0 0.03-0.125
Tylosin
Conventional 6 14 31 8 4 T - 32
Organic
Transitioning 0 8 18 15 1 0 2-16
Vancomycin
Conventional 8 17 5 0 05-2
Organic
Transtioning ® 19 4 1 0.5-4

! For daptomycin and tigecycline represents numbersusceptidle
# Number of isolates with MICs gretater than or ddaahe highest concentration on Sensiitre plate
®Number of isolates with MICs less than or equahtlowest tested concentration on Sensittre plate
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Table 1Zz: Salmonellaspp. isolated from water, poultry litter, and goul
feed samples collected from conventional and oggaansitioning poultry

farms

Poultry House

Environmental
Source

Poultry Litter (1)
Poultry Litter (2)
Poultry Litter (3)
Poultry Feed
Water (Source)
Water (Waterline)

Soil

Type
ORGANIC-

TOTAL TRANSITIONING CONVENTIONAL
(n=119) (n=76) (n=24)
29 (24.4) 26(34.2) 3(12.5)
38(31.9) 28(36.8) 3(12.5)
39(32.8) 22(28.9) 6(25)

9(7.56) 0 9(37.5)

0 0 0
0 0 0

3(2.52) 0 3(12.5)
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Table 1% Distribution ofSalmonellaspecies isolated from organic-
transitioning and conventional poultry productigstems

Poultry House

Type

_ ORGANIC-
Species TOTAL TRANSITIONING  CONVENTIONAL
Identification (n=119) (n=76) (n=24)
Salmonella
enteritidis 17 (14.3) 14(18.4) 0
Salmonella
gostrup 6(5.04) 6(7.9) 0
Salmonella
infantis 6(5.04) 6(7.9) 0
Salmonella
kentucky 76(63.9) 49(64.5) 12(50)
Salmonella
orion 12(10.1) 0 12(50)
Salmonella
typhmirum 1(.08) 0 0
Salmonellaspp.
(unidentified) 1(.08) 1(1.32) 0
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Table 14 Distribution ofSalmonellaspecies isolated from water, poultry
litter, and poultry feed samples collected fromwamtional and organic-
transitioning poultry farms

House Type Species
S.enteritidis  S.gostrupS.infantis S.kentucky S.orion

Conventional
Poultry Litter 1 (n=12) 0 12(100) 0
Poultry Litter 2 (n=9) 0 0 9(100)
Poultry Litter 3 (n=0) 0 0 0
Poultry Feed (n=0) 0 0 0
Water: Source (n=3) 0 0 3(100)
Water: Waterline (n=0) 0 0 0

Organic-

Transitioning
Poultry Litter 1 (n=76) 6(7.9) 49(64) 0
Poultry Litter 2 (n=0) 0 0 0
Poultry Litter 3 (n=0) 0 0 0
Poultry Feed (n=0) 0 0 0
Water: Source (n=0) 0 0 0
Water: Waterline (n=0) 0 0 0
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Table 15: Minimal inhibitory concentration (MIC) distributis ( g/ml) for
15 antimicrobials amon8§almonellaspp. (n=120) collected from
conventional and organic-transitioning poultry farm

Salmonella spp. (1=100)

Antimicrobial Production No. of Isolates by MIC (ug/m) of: MIC Range
Agent  Practice 002 0.03 0.06 0.13 025 05 1 2 4 8 16 32 64 128 256 5241 (ugh)
Amikacin
Conventional 0 17 4 3 2-8
Organic
Transttioning 313% 6 3 1-8
Augmentin
Conventional 0 0 0 0 5 1-32
Organic
Transitioning 6 0 2 0 2 ¢ 1-32
Ampicillin
Conventional € 1 0 00 5 132
Organic
Transitioning 5% 16 0 0 0 & 1-32
Cefoxitin
Conventional 0 9 % 28
Organic
Transttioning a 21 5 3 2-32
Ceftiofur
Conventional 316 0 0 5 0.5-8
Organic
Transtioning 0 46 6 1 & 058
Ceftriaxone
Conventional B o 0 0 0 0 4 1 0.25-32
Organic
Transttioning 1 0 0 0 0 3 0 0.25-16
Chloramphenicol
Conventional 16 8 4-8
Organic
Transttioning RV Y) 4-8
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Table 15: (cont'd)
Salmonella spp. (n=100)

Antimicrobial Production

No. of Isolates by MIC (ug/ml) of:

MIC Range

Agent  Practice

002 0.03 006 013 025 05 1 2 4

16 32

64 128 256 5024 1 (ug/ml)

Ciprofloxacin
Conventional 21 2 0 0
Organic
Transitoning 58 16 1

Gentamicin
Conventional
Organic
Transitioning

Kanamycin
Conventional
Organic
Transitioning

Naladixic acid
Conventional
Organic
Transitioning

Streptomycin
Conventional
Organic
Transitioning

Sulfisoxazole
Conventional
Organic
Transttioning

Tetracycline
Conventional
Organic
Transitioning

Trimethoprim

Sulphamethoxazole

Conventional pi
Organic
Transttioning 76

1

2 9 3

B 46 2 2

¥ 3B/ 2

% 1

14

26"

32

14

50°

10

50°

19

44

10

0.015-0.25

0.015-0.125

0.5-2

0.25-4

8-64

2-4

2-8

32-64

32-64

32-64

32-64

32-64

2-32

0.125

0.125

# Number of isolates with MICs gretater than or ddaidhe highest concentration on Sensititre plate

"Number of isolates with MICs less than or equah®lowest tested concentration on Sensititre plate

83



Table 16: Multi-drug antibiotic resistance profiles 8almonellaspp.
isolated from conventional and organic-transitignpoultry farm samples

s ™ —
0 ()*

+, - 1%0 12% 13 141 (* (*
13141 (* (*
B2 B I " (* (*
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Table 17: Correlation Table of Environmental Variables ass®ed with
Conventional and Organic-Transitioning Poultry Hesisdjusted by Intra-
Poultry House and Intra-Farm Variation

Distance
HouseTemperature Humidity TemperatureHumidity Antibiotic Rain Antibiotic Antibiotic Vaccine Antibiotic Vaccine Cloud Nf;rrnest
Type Outside Outside Inside  Inside  Feed Water Hatchery Hatchery Breeder Breedel Cover Conv
Farm
1.00
Type of House
.1 045 1.00
Temperature Outsidg
. ) -0.04 047 1.00
Humidity Outside

. 0.58 0.70 -0.29 1.00
Temperature Inside

004 -042 0.77 -0.37 1.00

Humidity Inside

1.00 045 -0.04 0.58 004 100

Antibiotics (Feed)

. 041  -048 0.52 -0.43 041 -041 1.00

Rain

032 -007 -0.21 0.15 022 032 -013 1.00
Antibiotics (Water)

fintbiotics 100 045 004 058 004 100 041 032 100
(Hatchery)

, 036 -0.30 0.38 0.20 028 036 014 011 036  1.00
Vaccine (Hatchery)

033 060 -0.17 0.44 -0.20 0.330.3¢ 0.10 033 -011 1.00
Antibiotics (Breeder)

, 050  0.68 -0.09 0.67 017 05004% 0.16 050 -017 0.65 1.00
Vaccine (Breeder)

012 -061 0.68 -0.50 077 -012 045 011 012 045 -0.3®.56 1.00
Cloud Cover

Distance from
Nearest Conventiong
Farm

083 051 -0.36 0.54 022 083 -072 026 083 031 047 04821 1.00
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List of Figures

Figure 1: Photograph of Sensititre™ antimicrobial suscelitybiesting
system (Trelbiagnostic Systems, Westlake, Ohio)
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Figure 2: U.S. boiler production from 1967-2007 (billion pals)
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BROILER PRODUCTION BY STATE
NUMBER PRODUCED, THOUSAND, 2007
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Figure 3:U.S. Broiler Production by State in 2007, (numb@doiced
thousand)
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Poultry House Types: Transitioning to Organic
(n=10), Conventional Control (n=10)

Conventional Controls Transitional to Organic

Figure 4: Photographic depiction of typical conventional amganic
poultry houses.
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Figure 5: Organic food share market in 2005; Source: OTAB&0
Manufacturer Survey:available at www.ota
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a. Normally produced under contract arrangement with grower

Figure 6: Schematic of Vertical Integration within the Braileroduction
Industry
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Figure 7: Number of U.S. certified organic poultry animal99Z-2005;
Source: USDA, Economic Research Service, 2006bai@cgAgricultural
Production in 2005. Available atww.ers.usda.gov/data/organic/
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Percentage of Expressed Susceptible, Intermediate, ~ and Resistant Enterocaccus
Isolates from Conventional Poultry Houses to a part  icular antibiotic (n=134)
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Figure 8: Percentage of Expressed Susceptible, IntermediateResistant
Enterococcuspp. Isolates from Conventional Poultry Houses to
particular antibiotic (n=134)
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Percentage of Expressed Susceptible, Intermediate, ~ and Resistant Enterococcus
Isolates from Organic-Transitioning Poultry Houses  to a particular antibiotic (n=126)
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Figure 9: Percentage of Expressed Susceptible, IntermediateResistant
Enterococcuspp. Isolates from Organic-Transitioning Poultryudes to a
particular antibiotic (n=126)
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Percentage of Total Enterococcus Isolates from Conventional and Organic-
transitioning Poultry Houses expressing resistance  to a particular antibiotic (n=260)
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Figure 10: Percentage of Tot&nterococcussolates from Conventional
and Organic-transitioning Poultry Houses expressasggtance to a
particular antibiotic (n=260)
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Percentage of Enterococcus faecalis Isolates from Conventional and Organic-
transitioning Poultry Houses expressing resistance  to a particular antibiotic (n=118)
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Figure 11:Percentage dEnterococcus faecalisolates from
Conventional and Organic-transitioning Poultry Hegsiexpressing
resistance to a particular antibiotic (n=118)
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Percentage of Enterococcus faecium Isolates from Conventional and Organic-
transitioning Poultry Houses expressing resistance  to a particular antibiotic (n=112)
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Figure 12:Percentage dEnterococcus faeciuntsolates from
Conventional and Organic-transitioning Poultry Hegsiexpressing
resistance to a particular antibiotic (n=112)
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Figure 13:Percentage of Expressed Susceptible, Intermediade,
ResistanBalmonellaspp.. Isolates from Conventional Poultry Houses to
particular antibiotic
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Figure 14:Percentage of Expressed Susceptible, Intermediate,
ResistanSalmonellaspp. Isolates from Organic-Transitioning Poultry
Houses to a particular antibiotic
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Percentage of Total Salmonella Isolates from Conventional and Organic-transitionin -~ g
Poultry Houses expressing resistance to a particula  r antibiotic (n=121)
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Figure 15:Percentage of Tot&almonelldsolates from Conventional and
Organic-transitioning Poultry Houses expressingstasce to a particular
antibiotic (n=121)
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Percentage of Salmonella kentucky Isolates from Conventional and Organic-
transitioning Poultry Houses expressing resistance o a particular antibiotic (n=61)
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Figure 16:Percentage ddalmonella kentuckigolates from Conventional
and Organic-transitioning Poultry Houses expressasggtance to a
particular antibiotic (n=61)
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Glossary

Antibiotic: Type of antimicrobial agent made from a mold or a bacteriurh kitia

(bactericidal), or slows the growth (bacteristatic) of other microbesfsady.

Antimicrobial resistance: Antimicrobial resistance is the result of microbes chaggn

ways that reduce or eliminate the effectiveness of drugs, chklmor other agents to
cure or prevent infections.
CFU: Colony-forming units. A measure of viable bacterial numbers or count.

Conventional (CONV): Poultry farm that practices standard methods used widely

throughout the U.S. industry including the use of antibiotics, other antipids and

genetically modified organisms (GMOs) in feed

Organic (ORG): Poultry farm that undergoes strict certification process; stdadpply

on Day 1 of a chick’s life
No use of antibiotics, other antimicrobials or GMOs in feed
No use of pesticides or herbicides on property

Increased square footage per bird

Water Activity(A »): A measurement of the equilibrium relative humidity(ERH);

represents the ratio of the water pressure of sample to tee vegor pressure of pure
water and reflects the active part of moisture content (unbound)weléch can be

exchanged between the sample and its environment.
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Appendices

A. Sampling Protocol for UMD/Penn State Poultry Farm
Study 2008

|. Purpose

To describe methods for the collection of samples and farm iat@mmfrom poultry
farms that are maintaining conventional practices and from paoiatrgs that are
transitioning to organic practices for the purpose of assessiggudmal trends of
bacterial antimicrobial resistance at these farms.

[I. Scope/Limitations

This protocol applies to all poultry farms that will be includedthis study, and
involves the collection of meteorological data, poultry litter sas\plvater samples,
feed samples, and additional data regarding characteristics ofrypdwduses,

chickens, breeders and hatcheries.

[ll.  Requirements

All personnel carrying out this protocol must obtain personal pregeequipment
and clothing. During sample collection, booties, coveralls, hair coverglanes will
be worn by all study personnel. Important: The accompanyiaultry Farm
Sampling Questionnaire” MUST BE FILLED OUT COMPLETELY be# leaving
each of the poultry houses. No abbreviations, please.

IV.  Field Equipment Check List

Verify that all necessary items are present before beginning thapl¢Table 1).

V. General Terms and Definitions

a. Conventional: Refers to standard agricultural practices widespmethe
industry. Can include use of pesticides, synthetic fertilizers, antibiotics and
other agribusiness approaches.

b. Organic: Of or relating to foodstuff grown or raised without syithe
fertilizers or pesticides, antibiotics, chemicals or hormones.

c. Poultry Litter: A mixture of manure, feed, feathers, and the sawdust used
as bedding material in poultry farms.
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d. Water Activity: Water activity or 4 is the relative availability of water in
a substance.

VvI. Data Collection Protocols

A. General Information

In this study, 5 poultry farms that are maintaining conventionaitipess and 5 poultry
farms that are transitioning to organic practices will beughetl in this study.2 poultry
houses at each of the 10 farms (if possible) will be sampled throutffestudy, for a

total of 20 poultry houses The “Poultry Farm Sampling Questionnaire” should be filled
out for each poultry house that will be sampled Upon arrival at each poultry house,
questions 1.1. through 1.8 on the “Poultry Farm Sampling Questionnaire” should be
completed as follows:

1.1 Sample Date Collection Record as the month, day, year (e.g. 02/21/2008)

1.2 Poultry Company Name Record the name of the poultry company
associated with sampled farm

1.3 Poultry Farm Name Record the full name of the specific poultry farm
where the poultry house is located

1.4 Poultry House Code On each farm, each poultry house that is sampled
will have a unique poultry house code, i.e. PH1=
poultry house 1. This same house will be sampled
on all subsequent sampling trips. No two poultry
houses (even if they are on different farms) will
have the same poultry house code.

1.5 Poultry House Type Record the type of poultry house being sampled:
a. House transitioning to organic (intervention)
group

b. House maintaining conventional practices
(control group)

1.6 Length of Time a Farr (For Organic Poultry Houses Only)
Has Been Organic Record the time in months that the sampled poultry
house has been organic

1.7 Distance from Nearest (For Organic  Poultry Houses  Only)
Conventional Poultry Record the approximate distance from the sampled
House organic poultry house to the nearest conventional

poultry house
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1.8 Other Types of Poultry (For Organic Poultry Houses Only)
Houses on Property Record ANY other types of poultry houses on this
farm (e.g. antibiotic-free or conventional poultry
houses on site)

B. Meteorological Conditions

A portable meteorological instrument will be utilized for thdexion of meteorological
conditions at each poultry house. This data will be recorded oriPingtry Farm
Sampling Questionnaire” in questions 2.1 through 2.5. As indicated onPthétry
Farm Sampling Questionnaire,” meteorological conditions wiltbkéected both inside
and outside of the sampled poultry houses. Prior to entering each poultey bapsire
OUTSIDE meteorological conditions followed by INSIDE conditions as follows

2.1 Ambient Temperature (OUTSIDE) Record ambient temperature right
outside of the poultry house

2.2 Relative Humidity (OUTSIDE) Record relative humidity right outside
of the poultry house

2.3 Ambient Temperature (INSIDE) Record ambient temperature right inside
of the poultry house

2.4 Relative Humidity (INSIDE) Record relative humidity right inside of
the poultry house

C. Poultry Litter Sample Collection

In each house€3 poultry litter samples, from the top 1 to 2 cm of the poultry litter area
will be collected in ~ 500 g portions fromdsfferent locations defined by a 0.5-1.0°m
area. The sampled areas will be chosen at random and eacle s@thpke collected
using sterile plastic scoops and latex gloves. Fresh, plastps@nd disposable gloves
will be used to sample each new area. All poultry littergamwill be collected in
sterile, sealed bags.

Sampling Identification Scheme:
(NOTE: Each sample will be given a unique sample ID that is a combiradtibrthe
month and year the sample was collected; 2) the poultry house code of thg poult
house where it was collected; 3) the type of sample; and 4pathple number from
that poultry house. For example, a sample with this sample0®D®88 PH1_Liwill
indicate that this sample was collected in March 2008 from poultry house numbe
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one and this sample is thé' poultry litter sample (L1) from this house. Water
samples will be indicated with a “W” and feed samples with an “F.”)

Poultry Litter Sample Collection Protocol:

Step

Procedure

Once inside a poultry house, chose at random 3 locations where the
litter samples will be collected. Each of the 3 locations should be define
~0.5-1.0 Marea.

poultry
i by a

N

Using latex gloves and a sterile plastic scoop collect ~500pgudtry litter
from the top 1 to 2 cm of the defined ~0.5-1 Dpoultry litter area.

Aseptically, place the sample into a sterile plastic bag and seal.

Label the bag with the following: the date (e.g. mm/dd/yyyy) thedSamplg
ID (see the description of the sampling identification scheme egb@and
record the Sample ID within the table in Section 3, Sample Inteaymaof
the “Poultry Farm Sampling Questionnaire.”

Describe and record the specific location where the poultry stmple was
collected

(i.e. beneath the waterers, middle of the house, corner of the housg, etc.)

within the table in Section 3, Sample Information, of the “PoultrymHa

Sampling Questionnaire.”

Measure the airflow (ft/min) six inches above the location whHezesample
was collected (direct measure from air flow meter) and detoe result

within the table in Section 3, Sample Information, of the “PoultrymHa

Sampling Questionnaire.”

Measure and record the water activity (Aw)}ta location where the samg
was collected (direct measure from PawKit water actimgter). (We nee

i

to include specific steps on how they should go about measuring Awheith t

PawKit)

Repeat steps 1-8 for each sampke sure to change plastic scoops ali
gloves between each sample.

D. Water Sample and Feed Sample Collection

In addition to litter samples, water and feed samples will beatetl from the poultry
houses. Water samples will be collected using 500mL, sterilizeethglgne Nalgene
wide-mouth environmental sampling bottles (Nalgene, Lima, OH) ad Samples will
be collected using sterile plastic bagswater sampleand 1 feed samplewill be

collected from each poultry house on every other sampling trip.r\Wateples will be
collected from the waterer lines and feed samples will beatetl from the feed lines
within the houses.
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Water Sample and Feed Sample Collection Protocol:

Step Procedure
During every other sample collection trip, colléctvater sampleandl feed
1 samplefrom each poultry house.
WATER SAMPLES: Using latex gloves, collect water sampi® ia sterilg
Nalgene Bottle from the waterer in the poultry house. (i.e. nighphders, cup
2 drinkers etc.) and seal.
Label the bottle with the following: Date Sampled, Sample Kg.
3 3 08 _PH1 W1)
FEED SAMPLES: Using latex gloves and a sterile plastic scoop, collect +250g
4 of feed from the feed lines into a sterile plastic bag.
Label the bag with the following: Date Sampled, Sample ID (e.g.
5 3 08 PH1 F1)
Repeat steps 1-5 for each sam@e. sure to change plastic scoops al
6 gloves between each sample.

E. Poultry House Characteristics
The following information should be filled out in Sections 4 through Then“Poultry
Farm Sampling Questionnaire.” These data should be collectbeé &me of sampling
and should be completed for each poultry house (i.e. There withnlee complete
“Poultry Farm Sampling Questionnaire” filled out for each poultry house).

4.1 Length of Poultry House Measure with tape measure and rec

4.2 Width of the Poultry House

4.3 Type of Ventilation

4.4 Type of Poultry Litter

4.5 Depth of Poultry Litter

4.6 Time Since Last Entire Clean-Out

length of the poultry house (ft.).

width

poultry house (i.e. tunnel, drop curtain,
drop panel).

poultry house (i.e. wood shavings/

sawdust, reused poultry litter, etc).

of the poultry litter in the poultry house
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Measure with tape measure and record the

Record the type of ventilation inside the

Record the type of poultry litter inside the

Measure with ruler and record the depth

Record the time since the powdtryinitt



the entire house was change (months).

NOTE: This may require input from
the grower)

4.7 Amount of Total Light Measure with light meter and record the
totallight in the poultry house
(quantitative measure).

4.8 Degree of Sunlight Record the amount of sunlight
in the poultry house (qualitative measure).

4.9 Type of Waterer Record the type of waterer inside the
poultry house (i.e. nipple, cup drinker,
and trough).

F. Poultry Farm Characteristics, Chicken Characterstics, Breeder
Characteristics, and Hatchery Characteristics: _Inteview with
Poultry Grower

PLEASE NOTE: ***This portion of the protocol will entail an IN-PERSON
interview with each grower on each of the sampled farms.
The following questions will be asked of the poultry
grower in order that the remainder of the “Poultry Farm
Questionnaire” can be
completed.

INSTRUCTIONS: Go directly to Questions 4.9-7.3 on the “Poulty Farm
Sampling Questionnaire” for pre-written questions to be admiistered in person
to the grower on each sampled poultry farm.

G. Ensure that the “Poultry Farm Sampling Questionraire” is
Complete

IMPORTANT: PLEASE DO NOT LEAVE THE POULTRY HOUSE UN TIL
EVERY FIELD OF THE “POULTRY FARM SAMPLING
QUESTIONNAIRE” HAS BEEN COMPLETED. FAILURE TO FILLOU T A
QUESTIONNAIRE COMPLETELY FOR EACH POULTRY HOUSE WILL
COMPROMISE THE STUDY RESULTS.
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H. Make a copy of the “Poultry Farm Sampling Questbnnaire” for
your records and send the original questionnaire, lang with the
environmental samples, to UMD at the following addess:

Amy R. Sapkota

UMCP School of Public Health

Maryland Institute for Applied Environmental Health
2308 HHP Bldg

College Park, MD 20742
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B. Poultry Farm Questionnaire

Poultry Farm Sampling Questionnaire
UMD/Penn State Poultry Farm Study 2008
1. General Information

1.1 Sample collection dat@gnm/dd/yyyy)

1.2 What is the name of the poultry compalfgease

specify)
1.3 What is the name of the specific poultry farfpiease
specify)
1.4 What is the poultry house code? On gach farm, we will assign each poultry

house that we sample a unique poultry house code, such as PHL1 for poultry house 1.
This same house will be sampled on all subsequent sampling trips

1.5 In what year was the poultry house built?
1.6 What is the type of poultry housgircle one)

a) House transitioning torganic (intervention group)lf it is this type of
poultry house, go to question 1.7]

b) House maintainingonventional practices (control groug)f it is this type
of poultry house, SKIPto question 2]

1.7 How long has this poultry house beeroaganic house? months

1.8 What is the approximate distance from drganic poultry house to theearest
conventional poultry house?Circle one)

a) <¥% mile

b) % mile to 1 mile

c) 2to 5 miles

d) 6to 10 miles

e) >10 miles

1.9 Are there other types of poultry houses on this f§@irele one)
f) Yes, there are also antibiotic-free poultry houses on this farm
g) Yes, there are also conventional poultry houses on this farm
h) No

2. Meteorological Conditions(To be measured with portable meteorological instrument)
2.1 What is the ambient temperature rightside of the poultry house? °F

2.2 What is the relative humidity rightitside of the poultry house? %
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2.3 What is the ambient temperaturside of the poultry house? °F
2.4 What is the relative humiditgside of the poultry house? %
2.5 Was it raining when the samples were collect€dele one) Yes No
2.6 What were the cloud/sun conditions at the time samples were @igciele one)
a) Clear and sunnyree from clouds, fog, mist or dust haze)
b) Mostly sunnyLittle chance of the sun being obscured by clouds)

c) Partly cloudyPredominantly more clouds than clear sky)
d) Overcast with complete cloud coygky completely covered with clouds)
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3. Sample Information

(NOTE: Each sample will be given a unique sample ID that is a combination ofrhipttik, day and year the sample was collected; 2) the poultry house
code of the poultry house where it was collected; 3) the type of sample; thredsémple number from that poultry house. For example, a sample with this
sample ID#03_31_08 PH1_Lill indicate that this sample was collected on March 31, 2008 from pdwirge number one and this sample is the 1

poultry litter sample (L1) from this house. Water samples will be indicaith a “W” and feed samples with an “F.”)

What was the airflow What was the water _
Sample ID# Sample] Where was the sample collected within| (f/min) six inchesabove |  activity (Aw) at the What was the amount of light
Type the poultry house?(ie. beneath the the location where the location where the | (lux) 12 inchesabove the locatior]
drinkers; in the middle of the house; from sample was collected? | sample was collected?| Where the sample was collected
the water lines etc.) (Direct reading from airflo ~ (Direct reading from | _(Direct reading from light meter)
meter water activity mete  |[Fans ON Fans OFF
Litter |Under feeder
Litter |Under waterer
Litter [Middle of house
Water [Source (or source after primary treatmen) Not applie Not applicable Not applicable| Not applicablé
Water |[End of line Not applicable Not applicable Not applilab |Not applicable
Feed Hopper in house Not applicable Not applicable Not applicable] Not applile
Soil*  |Outside Not applicable Not applicable Not applia | Not applicable
Booties| Not applicable Not applicable Not applicable t Bpplicable | Not applicable

*NOTE: At organic farms, a soil samples will belected from the area where the chickens are allawatdioors. At the conventional farms, a soil samyilebe collected from an
area where poultry is land-applied if possible.
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4. Poultry House Characteristics
4.1 *What is thdength of the poultry house? feet

4.2 *\What is thewidth of the poultry house? feet

4.3 What type ofentilation system is in use inside the poultry hougeiPcle one)
a) Tunnel ventilation
b) Drop curtain
¢) Mechanically ventilated
d) Other(please specify)

4.4 What was the type pbultry litter in the poultry house at the time of sampling?
(Circle one)
a) Wood shavings/sawdust
b) Reused poultry litter/Build-up
c¢) Peanut hulls
d) Rice hulls
e) Other(please specify)

4.5 What is thelepth of the poultry litter at the poultry litter sampling location thaswa
away from both the drinkers and the feed lines? inches

4.6 **How long ago was the poultry litter in tleatire house changed? months

4.7 How muctsunlight was in the poultry house at the time of samplif@jfcle one)
a) A lot of sunlight
b) Some sunlight
¢) Not a lot of sunlight
d) Very little sunlight
e) No sunlight

4.8 What is the type afrinker in the poultry house(ircle one)
a) Nipple drinkers
b) Cup drinkers
c¢) Bell drinkers
c) Other

4.9 What is the design of tldeinker system in the poultry house®Please
specify)

4.10 What is the design of theed systemin the poultry house(Please
specify)

NOTE: You will need to conduct an interview with each poultry gower to answer
the following questions.

It is possible, that the grower (particularly the conventimal growers) will not have
answers for the

following questions: 4.13, 4.14, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, and 6.7. If this is the case,
we will have to ask these

questions of the poultry company.
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4.11 **What is the source of water for the poultry house?

a) Well water
b) Public water supply

c¢) Othen(please specify)

4.12 *What company supplies the poultry feédease specify)

4.13 **What type of feed was used in the poultry house at the time of sampling?

a) Broiler Starter

b) Broiler Grower/Finisher

c) Broiler Grower Concentrate

d) Other(please specify)

4.14 *Wereantibiotics/antimicrobials used in the poultrfeedfor the current flock?
(Circle one)
Yes No

4.15 **If antibiotics/antimicrobials were used in the poultry feed, vepacific
antibiotics/antimicrobials
were used for this floek any time before or during samplindZircle all that
apply)NOTE: Most likely,
information, so we will need to obtain it from the company.
a) No antibiotics/antimicrobials were ever used in the pofded of this flock

the growers will not know this

b) Bambermycin

c) Bacitracin

d) Chlortetracycline
e) Oleandomycin

) Penicillin

g) Tylosin

h) Tetracycline

i) Virginiamycin

j) Lincomycin

k) Arsanilic acid

[) Roxarsone

m) Carbarsone

n) Salinomycin

0) Lasalocid

p) Narasin

g) Monensin

r) Other(please specify)

s) Other(please specify)

t) Other(please specify)

4.16 *Wereantibiotics/antimicrobials used in thevater for the current flock?Circle

One)Yes

No

4.17 **If antibiotics/antimicrobials were used in the poultry water, tvgpacific
antibiotics were used for
NOTE: The grower will have this information.

a) No antibiotics/antimicrobials were used in the water for ki f

this floskany time before or during sampling?
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b) Bacitracin

c) Chlortetracycline
d) Tylosin

e) Fluoroquinolone
f) Other(please specify)
g) Other(please specify)
h) Other(please specify)

4.18 **Were any other feed or water additives used for the current f{@iic?e one)
Yes No

4.19 If any other feed or water additives were used for the current flock,spkaific
additives were usedZircle all that apply)
a) No other feed or water additives were used for the current flock
b) Citric acid (in water)
c) Vitamin D (in water)
d) PWT (pH amendment)
e) Acidified Cu (copper) sulfate
f) Other(please specify)

5. Chicken Characteristics
5.1 *What was the number of chickens introduced with the current flock?
chickens

5.2 *What was the strain of the current flock?
a) Ross
b) Ross Cobb
c) Cobb/Cobb
d) Mixture(Please specify)

e) Other(please specify)

5.3 *What was the age (in days) of the flock at the time of sampling? __ays d

5.4 **What was the date that the current flock arrived at the farm é&ddte in”)

(mm/dd/yyyy)

5.5 *What was the mortality rate (%) of the current flock at thmetof sampling?
%
5.6 *What is the average amount of time (minutes) the current pekds outdoors
each day? min

6. Hatchery CharacteristighlOTE: We may have to ask taempanyfor the following
information)

6.1 **What is the name of the hatchery where the current flock came {peade
specify)
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6.2 **Does this hatchery usmtibiotics/antimicrobials for any purpose{Circle one)
Yes No

6.3 **If the hatcherydoesuseantibiotics/antimicrobials for any purpose, what specific
compounds are
used?

a) No antibiotics/antimicrobials were used at the hatchery
b) Gentamicin
c) Naxcel (Cephalosporin)
d) Other(please specify)
e) Other(please specify)
f) Other(please specify)

6.4 **Does the hatchery usmccinationsfor any purposefCircle one) Yes No

6.5 **If the hatcherydoesusevaccinations what specific vaccinations are usé@#cle
all that apply)
a) No vaccinations are used
b) Coccivac
¢) Merrick’s
d) Newcastle
e) Bronchitis
f) HVT/SB1
g) IBD
h) N/B New Hatch
i) Other(please specify)

6.6 **Does the hatchery uggobiotics for any purposefCircle one) Yes No

6.7 **If the hatcherydoesuseprobiotics, what are the specific compounds that are used?
(Circle all that apply)
a) No probiotics are used
b) Avacor
c¢) Othen(please specify)

7. Breeder Characteristi¢dlOTE: We may have to ask thempanyfor the following
information)

7.1 *What is the name of the breeder(s) where the current flock camé(please
specify)

7.2 **Does this breeder(s) uaatibiotics/antimicrobials for any purposefCircle one)
Yes No

7.3 **If the breeder(sjloesuseantibiotics/antimicrobials for any purpose, what
specific compounds are
used?
a) No antibiotics/antimicrobials were ever used in the pdatd of this flock
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b) Bambermycin

c) Bacitracin

d) Chlortetracycline
e) Oleandomycin

) Penicillin

g) Tylosin

h) Tetracycline

i) Virginiamycin

j) Lincomycin

k) Arsanilic acid

[) Roxarsone

m) Carbarsone

n) Salinomycin

0) Lasalocid

p) Narasin

g) Monensin

r) Other(please specify)
s) Other(please specify)
t) Other(please specify)

7.4 **Does the breeder(s) ugaccinationsfor any purpose{Circle one) Yes No

7.5 **If the breeder(siloesusevaccinations what specific vaccinations are used?
(Circle all that apply)
a) No vaccinations are used
b) Coccivac
c) Merrick’s
d) Newcastle
e) Bronchitis
f) HVT/SB1
g) IBD
h) N/B New Hatch
i) Wormer
i) Rheovirus
k) Other(please specify)

7.6 **Does the breeder(s) upeobiotics for any purposetCircle one) Yes No

7.7 **If the breeder(sjloesuseprobiotics, what are the specific compounds that are
used?Circle all that apply)
a) No probiotics are used
b) Avacor
c) Other(please specify)
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C. EnterococcusProtocol (Isolation from Poultry Litter and

Poultry Feed)

Objective: Enrichment experiment for isolating, purifying, and ambi Enterococcus
derived from poultry litter and feed samples using EnterococcBsath (Difco),
Enterococcosel Agar and BHI Agar.

Pre Sample Arrival(Week Before)

1. Calculate the amount of Broth and Agar needed for sample processing.
2. Prepare Enterococcosel Broth

a.
b.

C.
d.
e.

Suspend 43 g of the powder ina 1 L of d H20

Mix thoroughly , heat and boil for 1 min to completely dissolve the
powder.

Autoclave at 121C for 30 min

Coolto 50 C

Place in the refrigerator at@ for later use.

3. Prepare Enterococcosel Agar

a.
b.

~ 000

Suspend 56 g of powder in 1 L of dH20.

Mix thoroughly , heat and boil for 1 min to completely dissolve the
powder.

Autoclave at 121C for 30 min

Coolto 50 C

Pour into 100 x 15mm Petri dishes and store.
Place in the refrigerator at@ for later use.

4. Prepare BHI Agar

a.
b.

~ 000

Suspend 52 g of powder in 1 L of dH20.

Mix thoroughly, heat and boil for 1 min to completely dissolve the
powder.

Autoclave at 121C for 30 min

Coolto 50 C

Pour into 100 x 15mm Petri dishes and store.

Place in the refrigerator at@ for later use.

Day 1: Sample Arrival and Enrichment

Label all sample containers (133 mL) with the appropriate pontinse, sample
media code, i.e. PH1_LlI, etc.

Aseptically weigh and add 10 grams of poultry litter/feed into 133 saple
containers. Under the BSC, aseptically add 100mL of Enterococcosil ®
each 133mL sample container.

Swirl gently to evenly distribute the Enterococcosel Broth among the sample.
Place the container into the incubator overnight (24 hr) & 41

Set up a positive (+) and negative (-) control broth.

1.

2.

w

118



Day 2: Isolation

Today you will streak your enrichment culture_for isolatmm Enterococcosel agar
(EA) media. EA has nutrients appropriate for the growth of erdecoand will
presumptively select for enterococci. Additionally, this media aiostbile esculin
and sodium azide, and therefore, in the presence of enterococciss@etiown-
black precipitate will be visible beneath the presumptive colony in the agar.

Obtain your poultry litter/feed enrichment culture from the incubatat obtain an

EA plate.

1. Label your EA plate (Initials, Date, PH1_L1,ENT).

2. Take a 10ul loopful of your enrichment culture and streak your plaisdiation
of Enterococcuslncubate overnight at 41C.

3. Streak a (+) control and (-) control plate and incubate overnight &.41

Day 3: Purification
Target colony: Very small, LightDark brown colonies with black precipitate; Take
3 target organisms from each sample and streak for purification onto BHI.

Today you will streak your enterococci culture for purificationBHI agar media.

Obtain your EA plate from the incubator and record results (i.eepce of absence

of typical enterococci growth)

1. Label your BHI plate (Initials, Date, PH1_L1,ENT).

2. Select 3 target colonies and streak each colony onto your BHI fiate
purification of eaclEnterococcussolate. Incubate overnight at 4C.

3. Streak a (+) control and (-) control plate and incubate overnight @t 41

Day 4: Biochemical Testing

Today you will do a Gram Stain, catalase test and PYRdgsesumptively identify
Enterococcudgrom your positive poultry litter/feed samples.

The Gram stain will confirm that you have a pure culture andllialso confirm
that you have a Gram positive coccus (morphology and gram aeafcr
Enterococcug

The PYR test is a rapid, colorimetric test recommended forirugpialitative
procedures for the detection of pyrrolidonyl arylamidase actieitypresumptive
identification of enterococcoci, group A streptococcoci, and Escherichia col
The catalase test examines the ability to breakdown hydrpgeoxide by
catalase. Those organisms possessing the catalase enzymmeal down
hydrogen peroxide into water and oxygen. The oxygen causes bubbles to form
within, seconds, indicating a positive test. The absence of bubblessisiered
a negative testEnterococcuss catalase negative (or very weakly positive).

Obtain your BHI purification plates from the incubator and recordltesMake sure
that you have a pure (and NOT mixed) culture.
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1. Gram Stain

a.
b.

Perform Gram Stain as directed
Record observations

2. PYR Test

a.

b.

o

@~oo

Test isolates should be 18-24 hours old and taken from non-selective
media, such as BHI
Using forceps, place the disk on a clean microscope slide or lid thiea
Petri dish free from excess moisture.
Moisten the disk slightly with 5-10 ul of demineralized watemgsa
micropipette or a 10 uL inoculating loop. DO NOT OVERSATURATE.
Remove a visible “paste” of the test isolate using a sterile loop.
Rub the inoculums gently into a small area of the disk.
Add one (1) drop of PYR Reagent to the disk.
Allow up to one minute for a color change.
i. Positive test= pink to red color development w/in 1 min of
applying PYR reagent
ii. Negative test= Cream, yellow, or no color change within one
minute of applying PYR Reagent

3. Catalase Test

a.

b.

C.

d.

Collect an empty Petri dish and place one drop of 3 % hydrogen
peroxide/per sample on to surface of Petri dish

Take small swab from each sample and place into the 3 % hydrogen
peroxide.

Examine plates for bubbles. Presence of bubbles= positive result;
Absence of bubbles =negative result

Record observations

IMPORTANT: If you have Black precipitate, (+) gram stain) P¥YR test, and (-)
(or very weakly positive) catalase test, then archive the isolate as follows

Day 4 or 5: Archiving of Sample Isolates

Today you will archiveEnterococcussolates from your BHI purification plates.

Obtain your BHI purification plates from the incubator. Also abfrucella Broth
w/ 15% glycerol

1. Observe and record the results of your BHI plate. Compare your fplahe
control plate and make sure that you have a pure (and NOT mixed) culture.

2. Label your Brucella Broth w/ 15% glycerol tube with the followinfprmation:
(Date of sampling, PH_L1 E1... E2...E3...( Each isolate will have a moods
number independent of the poultry house label).

3. Using a sterile swab, collect a substantial amount of enterioc&tace into the
Brucella Broth and gently swirl in order to get remainder off of cotton swab.
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4. On laboratory data sheet, record information about isolate inclddaagion in
the freezer. Place Enterococci isolate in the -80 freezer.
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D. SalmonellaProtocol (Isolation from Poultry

Li

tter and Poultry Feed)

Objective: Enrichment experiment for the isolation, purification, amdhiving of

Salmonellade
Broth (Difco),

rived from poultry litter and feed samples using Lactose Brdtiidjna
XLT4 agar and BHI agar.

PreSample Arrival(Week Before)

5. Calculate the amount of Broth and Agar needed for sample processing.

6. Prepar
a.
b.

C
d.
e.

7. Prepar
a.
b.

c
d.

8. lodine
a.

9. Prepar
a.
b.

o

@ ~oo

10.Prepar
a.
b.

e Lactose Broth

Suspend 13 g of the powder in 1 L of d H20

Mix thoroughly, heat and boil for 1 minute to completely dissolve the
powder.

. Autoclave at 121C for 30 min

Coolto 50 C

Place in the refrigerator at 4C for later use.

e TT Hajna Broth

Suspend 91 g of the powderina 1 L of d H20

Mix thoroughly, heat and boil for 1 minute to completely dissolve the
powder.

. Cool to 50 C in waterbath

Place in the refrigerator at 4C for later use.

Solution
40 mL iodine Solution
i. 5 g of iodine crystals and 8 g of potassium iodide dissolved in 40
mL dH20
ii. Store in bottle wrapped in aluminum foil at 4C

e XLT4 Agar

Suspend 59 g of powder in 1 L of dH20.

Add 4.6 mL of XLT4 Agar Supplement (is the supplement added after the
boiling step?)

Mix thoroughly, heat and boil for 1 minute to completely dissolve the
powder. (total time 20-25 minutes)

DO NOT AUTOCLAVE

Coolto 50 C

Pour into 100 x 15mm Petri dishes and store.

Place in the refrigerator at@ for later use.

e BHI Agar

Suspend 52 g of powder in 1 L of dH20.

Mix thoroughly, heat and boil for 1 min to completely dissolve the
powder.
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Autoclave at 121C for 30 min

Coolto 50 C

Pour into 100 x 15mm Petri dishes and store.
Place in the refrigerator at@ for later use.

~® Qo0

11.Triple Sugar Iron Agar (TSI)

a. Suspend 59.4 g of powder in 1 L of dH20.

b. Mix thoroughly, heat and boil for 1 min to completely dissolve the
powder.

c. Sterilize by autoclaving at not over 118C for 15 min

d. Coolin a slanted position such that deep butts are formed

e. Place in the refrigerator at@ for later use.

12.Lysine Iron Agar (LIA)

a. Suspend 34.5 g of powder in 1 L of dH20.

b. Mix thoroughly, heat and boil for 1 min to completely dissolve the
powder.

c. Autoclave at 121C for 12 min

d. Cool in a slanted position such that deep butts are formed (at least 4cm)

e. Place in the refrigerator at@ for later use.

Day 1: Sample Arrival and Pre-Enrichment

6.

7.

8.

9.

Label all sample containers (133 mL) with the appropriate pontinse, sample
media ID, i.e. PH1 LI, etc.

Aseptically weigh and add 10 grams of poultry litter/feed into 133 saple
containers. Under the BSC, aseptically add 100mL of Lactose Rratach 133
sample container.

Swirl gently to evenly distribute the Lactose Broth among the sample.

Place the container into the incubator overnight (24 hr) &.37

10. Set up a positive (+) and negative (-) control broth

Day 2: Enrichment

Today you will perform the enrichment step almonella

1.

2.
3.
4.

oo

Obtain your poultry litter/feedsalmonellainoculums from the incubator and
obtain sterile 133mL sample container cups.

Label your sample container (Initials, Date, PH1 L1 SAL)

Add iodine solution (1.2 mL per 15mL of Hajna)

From the Lactose Broth suspension, add an aliquot (1mL) of the suspenmn
mL Hajna Tetrathionate broth (make sure to add iodine solution).

Incubate overnight at 37C

2" Enrichment; Leave TT Hajna enrichments on bench for 4 nightaifiples
are initially negative, these secondary enrichments will bd tseouble check
the status of the samples)
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Day 3: Isolation

Today you will streak youSalmonellaculture for isolation on XLT4 agar media.
XLT4 has nutrients appropriate for the growthSafimonellaand will presumptively
select forSalmonella If Salmonellais present, the media will turn a yellow color
and the colonies will appear either completely black or yellow-ish with & b&atter.

Obtain your poultry litter/feed enrichment culture from the incubatat obtain an

XLT4 plate.

4. Label your XLT4 plate.(Initials, Date, PH1_L1,SAL)

5. Take a 10ul loopful of your enrichment culture and streak your plaisdiation
of Salmonellalncubate overnight at 3T.

6. Streak a positive and negative control plate and incubate overnight at 37C.

Day 4: Purification

Target colony: Black colonies associated with a color change (to yetdowKLT4
agar. If positive, Take 3 target organisms from each sample and stneéalBHll. If
other samples are negative, take 10 colonies from the positive sanipiesamples
without target organisms, return to step 6 under Day":Ehrichment and restreak
from TT Hajna 5 days after the initial enrichment. Place plates Ib#okthe 37C
incubator and check after 24-48 hours.

Today you will streak your isolated colonies for purification on BHI agar.

Obtain your XLT4 plates from the incubator and record results ofstilation step

(i.e. Presence or absence of typisalmonellagrowth).

4. Label your BHI plate (Initials, Date, PH1_L1,ENT).

5. Select 3 to 10 isolated target colonies and streak each colopyrification on a
BHI plate. Incubate overnight at 3C.

6. Streak a positive control plate and a negative control plate and inavsateght
at 37C.

Day 4: Biochemical Testing

Today you will do LIA and TSI agar slant tests to presumptivdbntify the
Salmonellasolates from each of your poultry litter/feed sample.

The TSI agar slant test examines the ability of a microwsgato ferment
sugars and to utilize iron to produce hydrogen sulfide. Presumptive (+
cultures have alkaline (red) slants and acid (yellow) butts, withvithhout
H2S production (blackened agar). Do not exclude H2S negative slants.

The LIA agar slant test examines the microorganisms’ tabifor lysine
decarboxylantion, lysine deamination(formation of red-colored produictse top of
medium) and hydrogen sulfide production (black precipitate).Ll&s&émptive (+)
cultures have an alkaline (purple) slants and alkaline(purple). I&dtssider only a
distinct yellow coloration in the butt as an acid (negatiegction. *** Do not
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eliminate cultures that produce discoloration in butt of tube solekhis basis. Most

Salmonellacultures produce §$ in LIA. Some nonSalmonellacultures produce a

brick-red reaction in LIA slants.

Regardless of TSI reaction, all cultures that give an akaliutt in LIA
should be retained as presumpti$almonellaisolate. Cultures that give an
acid butt in LIA and an alkaline slant & acid butt in TSI should b&med as
potentialSalmonellaisolates. Cultures with an acid butt in LIA, acid slant &
acid butt in TSI should be discarded as &atmonella

Obtain your BHI plates from the incubator and record results.

4. TSl and LIA agar slant test

a.
b.
C.

d.
e.

With sterile inoculating loop, lightly touch the center of a chosen colony.
Inoculate TSI slant by streaking slant and stabbing buitt.

Without flaming, inoculate LIA slant by stabbing but twice (2dahen
streaking slant. LIA slants must have a deep butt (4cm).

Incubate TSI and LIA slants at 35°C for 24 + 2 h.

Loosely cap tubes to maintain aerobic conditions while incubatimgssla
for the prevention of excessive$iproduction

IMPORTANT: If you have Black colonies with yellow agar coltvaoge on XLT4
agar, (+) LIA agar slant, (+) TSI agar slant (or the exoegtinoted above) then
archive the isolates as follows:

Day 5 or 6: Archiving of Sample Isolates

Today you will archive your purified isolates that are currently on BHepla

Obtain your BHI plates from the incubator. Also obtain Brucella Bnot 15%

glycerol

5. Observe and record the results of your BHI plate. Compare yowr folahe
control plate and make sure that you have a pure (and NOT mixed) culture.

6. Label your Brucella Broth w/ 15% glycerol tube with the followingprmation:
(Date of sampling, PH_L1 SAL1... SAL2...SAL3... (Each isolate will have
continuous number independent of the poultry house label).

7. Using a sterile swab, collect o®&@almonellacolony from each purification. Place
into the Brucella Broth w/ 15% glycerol and gently swirl in order to getainder
off of cotton swab.

8. On laboratory data sheet, record information about isolate incllooagion in
the freezer. PlacBalmonellasolate in the -80 freezer.
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University of Maryland College Park
SPH Bldg 255
Environmental Health Laboratories
College Park, MD 20742
Phone (301) 403-2575 (work)
Phone (410) 448-2476
Email:_erinna.kinney@gmail.com

OBJECTIVE

To pursue career and educational opportunities in environmental
and food microbiology, leading to an enhanced intellectual knowlezlg
and experiential research experience in Environmental H&alScience

EDUCATION

Aug 2007-2009, University of Maryland College Park-School of Public Health,
Candidate for M.P.H. Environmental Health Sciences, expected 03/2009
Summa Cum Laude, GPA 3.98 on 4.0 scale

Aug 1997-2001, Clark Atlanta University, Atlanta, Georgia, B.S. Biology,
Magna Cum Laude, GPA 3.77 on 4.0 scale

RELEVANT COURSEWORK

Pathogenic Microbiology, Environmental Health Microbiology, Fundamentals of
Epidemiology, Principles of Toxicology, Environmental and Occupational
Diseases, Wildlife Diseases, and Biostatistics

RESEARCH AND WORK EXPERIENCE

FDA Center for Veterinary Medicine, Dates Employed: 06/2008-0838
Division of Animal and Food Microbiology
1600 Muirkirk Road Laurel, MD 30333

FDA CVM Intern
Major Advisor- Dr. Patrick McDermott

Performed applied microbial research within Division of Animal and Food
Microbiology (DAFM) at the Office of Research on elucidating effec@ntimicrobial
resistance in pathogenic and commensal bacterial organisms derivezbfreemtional
and organic poultry environments

Completed objectives:

0 Biochemically screeneBinterococcus spgn=313) isolates an8almonella spp.
(n=131) isolates from the 2008 UMD/Penn State Poultry Farm Study
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o IdentifiedEnterococcus sp{n=313) isolates anBlalmonella sppin=131)
isolated from the 2008 UMD/Penn State Poultry Farm Study via Vitek ®@syste

o Performed antimicrobial susceptibility testing &mterococcus spgn=265)
isolates andalmonella sppin=120) isolates from the 2008 UMD/Penn State
Poultry Farm Study using the Sensititre ™system

0 Serotypedsalmonella sppin=121) isolates from the 2008 UMD/Penn State
Poultry Farm Study

University of Maryland College Park, Dates Employed: 07/2007-05/2009
School of Public Health
Maryland Institute of Applied Environmental Health CollegePark, MD 20742

Graduate Research Assistant
Major Advisor- Dr. Amy R. Sapkota

Conducted environmental microbiology laboratory research that encompgasses t
isolation, cultivation, and microbial analysis of environmental sasnple
Research Thesis:"ISOLATION, IDENTIFICATION, AND ANTIMIC&BIAL
SUCSEPTIBILITY ANALYSIS OF ENTEROCOCCCUS SPP. AND
SALMONELLA SPP. FROM CONVENTIONA POULTRY FARM
ENVIRONMENTS TRANSITIONING TO ORGANIC POULTRY
PRODUCTION
Characterized microbial loads &almonellaspp. andenterococcuspp. recovered
from poultry farms converting from conventional to organic practices and
discontinue the use of antibiotics
Quantified on-farm antibiotic resistance patternSailimonellaspp. and
Enterococcuspp. during conversion process
Analyzed the significance of environmental variables on the preatdran-farm
microbial load levels and antibiotic resistance patter@athonellaspp., and
Enterococcuspp. derived from the conversion of conventional to organic poultry
production practices
Developed field sampling protocols and laboratory standard operating precéature
UMD Poultry Farm Study, UMD/JHU Yakima Valley Dust Study, and UMD Spray
Irrigation Study in the detection of microbial organisms in the environment
Responsible for maintenance of the laboratory equipment and facility

Centers for Disease Control

National Center for Zoonotic, Dates Employed: 02/2007-09/2007
Vector-borne, and Enteric Disease
1600 Clifton Road Atlanta, GA 30333

Laboratory Research Intern
Enteric Disease Reference Laboratory
Major Advisor- Dr. Cheryl Tarr

Aid in the development of a Multiplex Assay and rpoB sequence deteromriati
identification Campylobacter isolates

Utilize genomic and molecular tools for diagnostic application in theifaetion
of Campylobacter

Tangible Outcomes
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0 The two-step approach will allow rapid and accurate discrimination @dhgy
species that are implicated in human infections.

0 Multiple species can be discriminated with a single PCR assay.

0 The assay will be designed as a rapid classification tool for @lilziboratories,
but the markers may be adapted for use virulence genes as markers for
pathogenic species

University of Georgia Dates Employed: 09/2003-2006
1570 Athens Street Athens, GA, 30605
Graduate Research Assistant
Major Advisor: Dr. Amy Rosemond

Perform duties as a research assistant in the Rosemond Lab
Research project: Effects of Nutrient Enrichment on Decomposition Rates

Invertebrate Assemblages in Headwater Streams, (Coweeta Natigiralogical
Laboratory, NC)

Atlanta Outward Bound Center AmeriCorps Dates Employed: 09/2002-06/2003
3790 Market Street Clarkston, GA 30021

EcoWatch AmeriCorps Member

A ten-month commitment through United States Americorps Program and the
Atlanta Upward Bound Center to complete 1700 hours of environmentally oriented
community service in Georgia

Performed biological and chemical water testing under Georgia’'s Ad@dteam
Program

Constructed and maintenance of nature trails, organic community gandens, a
conservation projects

Instructed environmental education classes and programs for K-12 students in
Georgia

Developed and operated an environmentally focused After-School Program at
Clairemont Elementary School

United States Environmental Protection Agency Dates Employed: 08/200%72002
1200 Pennsylvania Ave, NW Washington D.C., 20460

Clean Air Program Analyst
Conducted studies and analyses in the formulation of the Clean Air Budget in the
Office of Program Management Operations for the Office of Air
and Radiation
Reviewed project and program effectiveness in achieving Goal 6: Redotti
Global and Cross Border Environmental Risks through preparation
of the U.S. EPA 2001 Annual Report for OAR
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AWARDS, HONORS AND PROFESSIONAL MEMBERSHIPS

Dean’s Scholar : UMD School of Public Health (2009)

Golden Key National Honor Society (2008- Present)

University of Maryland College Park Dean'’s List (2007-Present)

Clark Atlanta University Dean’s List (4 years)

American Public Health Association Student Member (2007- Present)

American Society of Microbiology Student Member (2007-Present)

Association for the Advancement of Science (AAS) Student Member (200&ABres
Ecological Society of America Professional Member (2001-2002) Studenb&t€@005-
Present)

Sierra Club Member (2003-Present)

CSX Corporation/ National Audubon Society Scholar (1999-2002)

ACWA Outstanding Scholar Program EPA (2001-2002)
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