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ABSTRACT

Andy KoltunEvaluation of Six Chromogenic Diagnostic Culture Media for a One HealtB.EESBL
Indicator System for Global AMR Surveillance
(Under the direction of Mark Sobsey)

Tofacilitate multisectoral antimicrobial resistance (AMR) surveillance, the World Health
Organization (WHO) has proposed an integrated culhased surveillance methodology for direct
quantification of extendeespectrumi -lactam resistant (ESBE$cherichigoli (EEc) in environmental
K2G&aLl2G&a FyR F2NJ RSGSOGA 2 yevaluafed 8ixicKnSidkte PBBYlestivd ST f (1 K Q
agar media for #£¢ detection and quantification, quantification oEE as a proportion of totd&. coli,
and presumptive idntification and characterization oflec in raw sewage, poultry waste, and urban
surface water analyses:-Et quantification used standard membrane filtration (surface water) and
spread plating (other samples) methods. MAITDIF and VITEwaE 4 S4 OSNAFASR Aaz2fl (1S3
AMR profilesResults showed Tryptone Bile Glucoronic (TBX) medium was most sensitixecfor E
guantification overall (though not significantly so) and significantly more accurate in presumptively

identifying and charderizing isolates. These findings support adoption of this AMR indicator system

using TBX to provide integrated, accurate AMR surveillance methods globally.
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CHAPTER INTRODUCTION

The globamisuse and abuse of antimicrobials in clinical, veterinary and agricultural settings has
encouraged the rise of antimicrobial resistance (AMR). As preventative and curative treatments lose
potency, AMR has threatened to erase the health and economic adganade by antimicrobial
chemotherapies over the last century. While the estimates of the negative health impacts of AMR are
limited, AMR is currently estimated conservatively to be responsible for 700,000 deaths per year
globally, a number that could slaaket to 10 million deaths per year by 2050. Moreover, economic
projections suggest that, across all sectors globally, AMR will cause GDP losses of bedvgéen 2
between now and 2050 (compared to a timeline between the present day and 2050 without AMR

attributable economic losse's)

Recognizing the AMR threat to human health and prosperity, the international scientific and
policycommunities have agreed to make combating AMR a top priority. While involving many non
governmental organizations, national governments, and supranational organizations, this response has
been prominently coordinated under the aegis of the World Healtfpa@ization (WHO) and ratified by
the World Health Assembly in 2014 under the Global Action Plan on Antimicrobial Resistance (GAP). The
GAP acknowledged several critical knowledge deficits about the state of AMR globally, including
information on the magniide and spatial variation of AMR pathogens, plus data on the development
and spread of resistance through humans, animals, and the environment. Addressing these knowledge
gaps through robust surveillance is imperative for the development and deploymeutiofes, tools,
treatments and practices to combat AMR. Recognizing the resulting need for improved AMR surveillance

and lamenting a lack of international consensus on a surveillance plan, the GAP sought to galvanize



action toward a global set of integied, harmonized methods for the monitoring and surveillance of

AMR.

Following that call, in 2015 WHO published the Global Antimicrobiaéllance System
(GLASS), a manual for implementing a suite of recommended AMR surveillance appcdeatnes
specimen collection to reporting structures and data management at the nationat.lavetlated and
parallel initiatives, the WHO Advisory Group on the Integrated Surveillance of Antimicrobial Resistance
(AGISAR), has worked sir29 to advance and integrate needed AMR surveillance approaches across
multiple sectors, initially focusing on foodborne and zoonotic AMR in the nexus between human health,

animal health, and livestock productibn

While both GLASS and the initial AGISAR framework represent significant advances in AMR
surveillance plicy, they rely on complex methodologies for monitoring the resistance traits of many
pathogens to multiple classes of antibiotics. These requirements make these schemes unfeasible and/or
unsustainable in the loweand middleincome countries (LMICs) wieeAMR issues are more severe
and less manageable. Moreover, these surveillance schemes have historicalbappdeciated the
role of the environment in promoting AMR evolution, proliferation and spreat its sixth meeting in
2015, AGISAR acknowledged these shortcomings and recommended the development of a simpler
surveillance program with robust, LMK&sessible methods that could be integrated and harmonized
across human, animal, and environmental health (th&sof t SR ahy S | SFHf{iGKéE o6hl 00
meeting in November 2016, AGISAR came to agree on an integrated microbiedpggeahiological OH
surveillance protocol centered around the detection of extendpéctrumi -lactamaseproducing
Escherichia clESBE. coli EEc) in OH sample matrices, given the high tsectoral prevalence and

burden of disease associated wih colresistant to3-generation cephalosporins and other clinically



or agriculturally relevarit -lactamantibiotics’. Thissurveillance protocol and its development became

colloquially known as the Tricycle Project.

A main objective for the Tricycle Project was to develop materials and methods for a protocol
that could simply and accurately detecHe in AMRelevant settings across all OH sample typéskey
question unresolved atthispre SO0 Qa Ay OS LJi A 2 Yaseéd &nedia ¥efectiveok EHRL O dzf (i dzN.
coliand ESBL neB. colicoliforms would prove most effective and advantageous. To that end, this
project examined a set of six candidate, mostly clinical chromogenic agarqiedtaS WISy SNA OQ Y S
formulated inlaboratory as well as three proprietary medjdy evaluating their relative performances
in the direct detection, quantification, purification, and isolation of EEBtoliand other ESBL neff.
colicoliforms fromrepresentative Tricycle Project environmental sample matrices in Chapel Hill, NC,
USA. Specifically, evaluations relied on comparisons of the detection and enumeration-&.ESBL
colinon-E. colicoliforms and the relative proportion of these E$Bldctam resitant target bacteria
relative to allE. coliand nonE. colicoliforms in a series of repeated analysis of samples of surface water,
wastewater, and poultry waste using these candidate ESBL media and their correspondiBgBion
Wo I &St Ay e media bvera betiad bf@ne year. The extent of detection and occurrence of
these target ESHE. coliand nonE. colicoliforms by the candidate media and their accuracy and
reliability in presumptively identifying target bacterial isolates and then furtdmnfirming and
characterizing their identities and ESBL antimicrobial resistance properties was determined using both

phenotypic and also molecular analyses.



CHAPTER BTERATURE REVIEW

Introduction

This section reviews the currestientificliterature to describe the historical and current state of
AMR detecibn methods, and thenliscusgesthe needfor and development of a standardized, One
Health, culturebased global surveillance systementered around the detection of ESB&terichia col
- for the detection of AMR in diverse and interrelated settings. As such, this section intentionally omits
any extensive discussion of: a comparative discussion of different AMR surveillance schemes; the
methods which may not be globally accessible; and discussion of resistant pathogens which are highly
concerning but either limited in prevalence or in their relevance to a One Health surveillance foekmew

(e.g.,multidrugresistantMycobacterium tuberculosifluconazoleresistantCandida albicars
Practice and Policies of AMR Detection/Diagnostics and AST

An antibiotic is any chemical substance produced by microbes predominantly to destroy, or
AYKAOAGD (GKS INRGUOK 2F3 O2YLISUGAY3I YAONROGSEAD CKAA |
immemorial among environmental microbes, promoting the evolution of antibiotic resistance, i.e., the
reduced susceptibility of an organism to antibiotiddnsurprisingly, then, antibiotics and their
concomitant resistance in envirarental bacteria far predate the modern age of antimicrobial therapy.

This has been demonstrated by the discovery of bacteria resistant to multiple classes of clinically
important antibiotics in areas isolated from any anthropogenic actfiify

While the natural history of AMR extends back eons, human efforts to detect this resistance are

much more recent, hailing back to the methodologies of Pasteur, Koch, Erlich, and Fleming in the late



1800s and earlyo-mid 1940%°. Soon, the advent of minimum inhibitory concentrations (MICs), the
lowestpossible inhibitory concentration of an antibiotic, represented a further milestone in the
development of confirmatory antimicrobial susceptibility testing (AST) and the surveillance of
antimicrobial resistance more broadhy®. The development of MICs led to the advancement of
GONBF{LRAYGE (GSOKYAldzSa F2NJ Of FaaAFeAy3d o6 OGSNAIf
established reference MIC vald&%®, a practice that is still in effect today. Breakpoints have
encouraged the standardizath and harmonization of these reference values under supervisory
organizations, namely CLSI and EUEAST

These organizations have been forced to revise breakpoint concentrations for antimicrobials as
exponential increases in antimicrobial consumption for clinical and other uses has created sufficient
selective presure for resistané@?® Ly | yR 0Seé2yR (KAa aYvYzalyia G NBSQ
need for revising breakpoint values, several other challenges exist with these standardized MIC AST
methods. For example, certain semiantitative AST methods (such as agar disk diffusion) may not be
amenable to reinterpretation should breakposmthang®. Moreover, small test populations may skew
MIC value$. Institutionally, discordance in diagnosis and treatment can occur when transitioning from
CLSVs EUCAST standards or vice versa, even within the same health?y3tem

Despite their adoption beyond the clinical sphere, clinically defined breakpoint AST methods are
inherently limited in their application. Clinical methods measure resistance gene expression under
tightly controlled growth conditions budre often inappropriate outside of the clinical sph&rdn
contrast, there is a lack of standardized methodology for the surveillance of AMRR-tlinical
GKGallRiasée GKz2a$s aStdiay3da sA0GK I KAIK LINBGLEt SyOS
global transmission to other settin§fsSuch hotspots may include hospitals, wastewater treatment
plants, pharmaceutical plant wastewater, and aquaculture and livestock faétttiealternatives to

clinical breakpoint definitions have been proposed. One is an epidemiological definition of resistance to



enable monitoring of how bacteria develop reduced susceptibility to a specific drug. In this scheme,
resistance is classified accordingttds LJA RS Y A 2 f 2 3 X GRIDFF)Dwhict?afeTlerized frodzdha

normal distribution of MICs in a given bacterial speété& While still subject to skew, an

SLARSYA2f23A0FE NBaradlyOS RSTAYAGA2YyQa RSNAODF (A2

distribution helps to address resistance more accurately across different settings.

Methodologies for the surveillance of AMR have also recently advanced. Driven by a need for
quick detection of resistant pathogens in clinical and other settings, rapid AMR detectithods have
developed to detect ARB to complement AST testingolecular methods especially have transformed
AMR detection and surveillanc@forming and enrichinghe scietific understanding of aesistome
that collection of genetic elementsavingevolved and transferred betweemicrobes that enable
resistance. At the same time, the imperfeatd often uncertaircorrelation between molecular
detection of ARGs and phenotypically detected resistance underscores the continued need for
phenotypic culturebased testing for AMR, includj AST methods. These phenomena are still being
explained by continued resistome stufyt

Qulture-based methods have several other advantages for AMR detection. Gbisesl
methods easily enable the characterization of multidrug resistance in a way that highly targeted
molecular methods may not. Additially, culturebased methods allow researchers or diagnosticians to
study bacterial responses to specific antibiotic concentrations, a useful feature when detecting
intermediate resistance traif&>4,

AMR Hotspots and CrosSector Fate and Transport

The laclof a consistent methodology for AMR surveillance across clinical andlimical
settings is more than a merely academic matter. By improperly handling our water, wastes, and
foodstuffs, modern human activity can encourage AMR hotspots, further promthtengpread of

resistantdiseasé® ! & LINBaSyidz 2yfteée mm: 2F GKS ¢g2NI RQA
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activity is discharged with treatment into surface watérd his scarcity of adequate sanitation globally

suggests the massive loading of ARGs and ARBs into surface waters, not to mention a massive burden of

diarrheal diseas&®

In addition to inadequate sanitation for AMR environmental sourtteswelldocumented and
staggering overuse and misuse of antimicrobials across clinical, agricultural, and community settings
globallyc and theselective pressure that this overuse and misuse provides,oipein discharged
wastesg also contributes to the increasingreat of hotspotdriven AMR transmissich’®4. This
antimicrobial abusand excesbaseffects ranging far beyond the facilities in which it occurs. In fact, the
density of antimicrobial consumption and pollution of untreated wastes containing antimicrobials and
ARGs represents an ecological issue. Widespread antimicrobial use has bearisbeva prominent
determinant for the evolution of AMR even outside settings where antimicrobials have beefttised
tdzii FYy2GKSNJ gl &% | YGAYAONROALFEA FNB aaz20AS0l €
resistance. For example, researchers found that rates of ARB carriage in individuals correlated more
strongly with community antimiobial consumption and population density than with personal
antimicrobial consumptioti®®.

Within communities, the clinical domain remains a prominent driver of AMR. Modern
YSRAOAYSQa SYLKI&ara 2y KAIKEe OSyidNIrftAlT SR slyR
both a reliance on therapeutic and prophylactic antimicrobial prescription, on one hand, and the spread
of resistant infectious diseases on the other. Even in outpatient settings, a reliance on empirical
diagnosis and the prescription of broagectrum atibiotics have facilitated AMR disease. As a result,
clinically isolated ARBs have increased in prevalence over time, although better epidemiological
surveillance and improved clinical antimicrobial stewardship has recently somewhat slowed or even
reversed this trend for certain resistant infectidhdNonetheless, clinit@esistance trends mandate

urgency.

R NXz
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Agriculture may constitute an even larger driver of AMR than clinical operations. Agricultural
settings, most especially livestock operations, consume a laigerity or even a majority of total
antimicrobial consumpbn in many countries globally, for therapeutic, prophylactic, and grewth
promoting purposes. There is mounting evidence that widespreadtherapeutic antimicrobial usage
in livestock operationkas been a main contributor to the global rise in antimiad resistanc& ",
Aquaculure facilities present another agricultural hotspot and source for introduction of ARBs and ARGs
to humans and the environmetit To wit, the carriage rate dEnterobacteriaceae and oth&acteria
resistant to extendegpectrum betdactams (ESBLs vitally important class of antimicrobials both
clinically and agriculturallyis increasing in farm animals, especially poddtry is important to note
that ESBLs are typically not usedlfeestock growth promotion purposes but may nonetheless find
prophylactic, metaphylactic, or therapeutic usage omf&>, all of which may contribute to this
increasing carriage rate of ESBLs. Concurrently, while antimicrobial growth promoters are typically not
used therapeutically for humans or animalse use of similar drugmay promote crossesistance to
clinically important antibiotics. For example, the use of avoparcin, a glycopeptide antibiotic as a poultry
growth-promoter may encourage cross resistance to vancomycin, another glycopeptide antibiotic that is
vitally imporiant clinically’. Moreover, other common antibiotics used to treat human disease, such as
GSGONF OOt AySa |yR adzZ F2yIF YARSAaZ | NB ThusbdtB dza SR |
directly and by promotion of croggsistance, antimicrobial consumption in animals may create
selective pressure for resistance to clinically relevant antibiotics.

Environmental media represent further potential AMR hotspots and play a key roledratimg
resistance. The discharge of human or animal wastes into the environment a) allows the conveyance of
extant ARBs and ARGs, and b)allows the convergence of commensal/pathogenic enteric bacteria and
environmental bacteria, which may harbor ARGsardlF 4 a¢ GKSY Ff2y3 (2 3Jdzi T3

resistanc&. For example, there is some evidence to suggestdhatjuinolone resistance genes in



pathogenic Enterobacteriaceae may have emerged from waterborne species in the natural environment
53'

Thus, vater especially represents a potent vehicle for the dissemination and amplification of
resistance via selective pressure and horizontal gene transfer of?XRG$ese dynamics are especially
pertinent within urban water system$ For example, in insufficiently managed municipatev systems
carrying New Delhi metaHo-lactamase 1 (NDM) genes, researchers found that resistance to multiple
classes of antibiotics, including secdime carbapenerh -lactamantimicrobials, can be rapidly
transmitted at oncé>>®

Wastewater effluents comprise another considerable environmental AMR hdtspot
Wastewater effluats contain antimicrobial concentrations ranging from nanograms per liter up to
milligrams per liter (i.e., considerably higher than MIC values), depending on the facility discharging
these waste®. These wastes get discharged downstream into surface waters andneaen into
fields with animal manuréé Even at low antimicrobial concentrations, feewastewater effluents can
provide pressure for the natural selection of resistance hotkituand in receiving waters and nearby
area$®. However, certaiintensive facilitiex; namely hospitals and drug manufacturgreave much
higher antimicrobial concentratiof% thus creating even greater selective pressure for the development
of AMR. Beyond selecting for AMR, wastewater effluergspecially from municipal and hospital
facilitiesg also comwey high quantities of resistant gut flora into the environment. To reiterate, this
transport increasehe risks forhuman and animal colonization or infection with ARBs and enables the
exchange of resistance between gut flora and environmental baététiaMore recently, evidence has
suggested that wastewater treatment plants themsevmay promote the evolution or dissemination of
AMR, although evidence is still mixed and the exact mechanisms for the selection of resistance in

treatment plants remain somewhat uncléaf®



Beyond individual domains, AMR hotspots have the potential to transmit and amplify resistance
both within and across settings. Improper waste management practices encourage the spread of AMR
between agricultural, clical, and environmental settings. For example, runoff from the land application
of manure on farms into surface waters represents a significant introduction of ARGs into the
environment*. Elsewhere, prophylactic antibiotprovision in livestock and residual resistant bacteria
from farms left on foodstuffs both represent significant determinants of clinically relevant resistant
infection in human®<%’. Similarly, enteric organisms ftering determinants for resistance in clinically
relevant disease may be passed on from livestock to humans via food h&hdlers, as established
above, clinical wastes can support environmental reservoirs of thistthave the potential for further

spread and potential human or other animadpsures
Moving toward a Simple, Standardized One Health AMR Surveillance System

Because AMR hotspots creand contribute toan interconnectedOne Healthsystem
promoting the rapid and fareaching spread of AMR, managing these hotspots should be golay
concerrt>*35 However, there is a paucity of internaial standards or guidelines tegulate the
management, treatment, and disposal of wastétere management practices have been
recommended, they are often not imgrhented or practicedExacerbating matters, thack of global
FYR &0GFyRIFNRAT SR adaNBSAttlyOS RIGE O2yaidNIAya GKS
issues. As such, building surveillance and laboratory capacity through the creation atidrmddp
standard, relble, and rapid tests is vitdaVHO acknowledges that any such surveillance system must be
supported beyond just the human health sect@rs

Addressing this need, WHO has established an Advisory Group on the Integrated Surveillance of
Antimicrobial Resistance (AGISAR), to counsel member states in designing integrated AMR surveillance
efforts that incorporated monitoring of clinical, zoonotic, and foodborne AMR. Additionally, WHO has

crafted its own Global Antimicrobial Resistance Surveillance System (GLASS) to promote standardized
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global AMR surveillance. As of 2017, 31 countries had fully edrolIGLASS, focusing on surveillance of
I aSd 2F WLINA2NRAGE LI GK23SyaQ RSSYSR Y248l KITIFNR2
environmental surveillance efforts have not advanced much beyond a preliminary, modest set of
sophisticated metagenomics eftst Currently, no standardized functional environmental AMR
surveillance system has been established. As a result, these programs remain incompréffefidive
Furthermore, while these programs and commitments are crucial in in implementing integrated AMR
survellance globally, they largely rely on complex methods and surveillance of specific pathogens and
classes of AMR. AMR is indeed a complex issue spanningmfestiousdiseases and modes of
resistance; however, similarly complex monitoring would be onerdiiicult to coordinate and
implement, and unfeasible for lovand middleincome countries

These survdiince and methodological gapsd challengescombined with the ecological
dynamics of AMR across different settings, necessitate a truly-gact®ral and unifying surveillance
framework and method. Here, a One Health (OH) framework has proven paitiagafulfor
combining human, animal, and environmental health into a more comprehensive and laterally
integrated concept of AMR issues and how to address thefime OH inclusion of environmental
surveillance is a particularly notable improvement upon previous WHO surveillance programs, as the
compkxity of the environmental resistome and the human and animal health impacts of environmental
exposure to ARBs are both critical knowledge gaqsjghenvironmental pollution is understood to be
a key influence on the sources, occurrence, and spread &7 ARI®

Standardizing and operationalizinga®d f f SR & h y S cutBebasedRpproadhiisa 0
also critical for coordinating surveillance efforts globally. An OM approach enables the compatibility of
MIC data and other resistance classificatioiormation across laboratory type, time, and country. An
OM approach also ensures externalidity for resistance detection interpretation, as AMR detection

methods and interpretation are closely linked. Furthermore, OM providedasis foiquality controlin
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data collection on pathogens and zoonotic and commensal ARBs. Ultimately, thig qoatiol ensures
that health professionals across all domains are receiving valid susceptibility data with which to make
antimicrobial prescription decisions and maintain good antimicrobial stewartship

With this in mind, at the B AGISAR meeting in 2015, members proposed a broader One Health
framework- incorporaing clinical, agricultural, and environmental domaimgth a simpler standard
surveillance program which could reduce surveillance, ideally, to a reproducible and simple-culture
based method for monitoring a single organism and type of resistance smtisgys. The advancement
of this programwith the specification of a target AMR bacterium and a proposed set of ctiased
monitoring methods developed in a workshop held at tHeAGISAR meeting in 20&&me to be known
as the Tricycle AMR Surveiltze Project. The project iso named for its concern for the inteelated
dissemination of resistance between its three identified domains (human/clinical, animal/agricultural,
and environmentalps a One Healthisste ! & G KS OSY(iSNJ 2F (GKS ¢NAOeOfS
recommendation of ESBEsistantEscherichia col[EEc) as the ARB indicator bacterium of choide
colimakes a convenient indicator bacterium because of its association with fecal pollution and its
established use asfacalindicatorof microbial contamination more generalfy Additionally, the choice
of resistarce type reflects the importance of ESBL antimicrobials to both human and animal health and
their presence across a variety of settings internationally, as well as the considerable contribution of E
Ec infections to the global burden of AMR entama sysemicinfectious diseas@®. Finally, Eec
prevalerce rates have been shown to decrease following increased antimicrobial stewardship efforts,
suggesting that prevalence of this indicator will be important for monitoring antimicrobial stewardship
implementation efforts.

Focus on a single AMR indicator eases the implementation of a harmonizedséetos
surveillance scheme, but it is important to acknowledggt this choice restricts the complexijty

richnessand spread of data collection on AMR globally. The Tricycle Project also stipulates that
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resistance data should be reported by country and year, only allowing limited granularity in monitoring
AMR both emporally and spatially. This sataek ofgranularity also hinders the quantitative and causal
inference of the effects of AMR in one domain on the prevalence of AMR in another domain

Furthermore even after the initial AGISAR recommendations, the question of the specific media
used for astandardizedharmonized, culturébased rapid detection method was lefpen, pending
further investigation of alternative culture methods and media

This question of standardized methods within the Tricycle ProgdlEctsthe incomplete
standardization otulture-basedESBL Enterobacteriaceae detection methods withirpiliglic health
field as a wholeCurrently, the greatest level of standardization for cultbased ESBL
Enterobacteriaceae detection is in the clinical/infection prevention and contrargsh These standards
largelydescribe methods to detect for ESBL resistance among Enterobacteriaceae that have already
been isolated by other means, rather than describing direct detection methods. These standards may
also require different protocols fggzhenotypic confirmation testing of ESBL production depending on
GKS Aaz2ftliS5Qa ARSydAdGea® ! a | NB a-dersive, edpecbiy$or YSG K2R
resourceconstrained laboratories.

Oncebacteriaof interest have beeimitially detected and isolatedn specimens of interest by
other means, the EUCAST Detection of Resistance Mechanisms guidelines recommend initial broth/agar
microdilution or disk dfusion AST to assess isolate E@Bistance to either cefpodoxime or cefotaxime
and cefazidime. Resistant isolates are then speciated and subjected to phenotypic confirmatory testing
for ESBL production by culturing isolates with a reference ESBL antibiotic in the presence and absence of
clavulanic acid, an ESBL inhibitor. Specific metfmdsis phenotypic ESBL production confirmatory
testing depend on the species of the isolate examtheSimilarly, CLSI guidelines recommend the use of
broth microdilution or disk diffusion AST to test resistance to at least one and preferably multiple

reference ESBL antibiotics. Resistant isolates should be confirmed as ESBL prodacimyilzia
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method as in EUCASW,culture with cefotaxime and ceftazidime in the presence and absence of
clavulanic acid. Unlike in EUCAST, CLSI ESBL production confirmatory testing does not require
speciatio®82 As with EUCAST and CLSI, ISO recommends specimen isolation before testing for
antimicrobial susceptibility using microdiluton methés 2 A K G KF G al AR (GKS I ad
WNJ LJA R-based 88Bl BaMtdbacteriaceae detection agar media that can provide presumptive
organism identification and presumptive ESBL resistance characterization withiru&thas provided
an attractive onestep alternative to standardized ESBL detection metfssThese rapid deteion
methods have made their way into common use within clinical reseandrsurveillanc&-e¢.

¢CKS FANAROdzZ (GdzNIF £ 5 F22R al FSie-bdsgdRSBEY GANRY YSy i
Enterobacteriaceae detection methods largely follow these same EUQ86Tor CLS$tandardized
methods®87:88 However, theuse of the aforementioned selective chromogenic culture media is
increasingly seen in agricultural and environmental ESBL Enterobacteriaceae researct-&s Wimtise
NEASEFNOK | LILX AOFGA2ya adAff NBIdANBE Aaz2fliSaQ NBa
methods aslescribedabove However, the capability to presumptively screémectlyfor ESBL
Enterobacteriacea@ diverse sample types is an advantage in ease and throughput that should be
recognized with standardized methodology.

It is regrettable, then, that a lack of standardization exists for these rapid ctiased ESBL
Enterobacteriaceae detection methodsross the One Health milielihis project seeks to address that
A L) 6 SOFfdzdGAy3d GKS LISNF2NXYIFyOS 2F YdzZ GALX S WOl
media for use with standardized methods for EE&Btolidetection withinenvironmental and
agriculturalOH sample types for the purposes of the Tricycle Project AMR surveillance Systainly,
distinct fromfor other OH AMR surveillance uses, the Tricycle Project requires that cbkgesl ESBL

detection media used for enmnmental surveillance be able to quantify and isolate BSEolas well
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as estimate the proportion dt. colthat are ESBL by meanssifhultaneougjuantification on ESBL and
non-ESBL analog media.

This project evaluates these candidate mediatf@se performance requirementdore
specifically, the idedESBL Enterobacteriacesigrveillance medium would have high initial sensitivity in
detectingand quantifying targeESBIlindicator organisms so as to provide a conservative estimate of
the magnitude and prevalence of tfiESBlhazard in the sample type analyzed. This ideal medium would
alsoperform accurately and in a uséiendly manrer by virtue of its high specificityphibiting non
target organisms and clearly differentiatingmpary (ESBE. colj from secondary (noit. colicoliforms)
target organismsThis specificity would both allow for rapid and easy detection of indicator organisms of
interest (but no norarget organisms), as required for environmental AMR surveillance, as well as
highly accurate purification and isolation of bacterial isolates of interest for furthelyais, as is needed
in all One Health sectors but especidtly human and animal health diagstic needs. Additionally, the
idealmedium would be robust, withstanding different settings, skill levels, and sample types to produce
consistent results. Lastly, this ideal medium would be accessible in a wide range of laboratories and

public health sureillance offices cheaply and rapidly.
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CHAPTER 3: OBJECTIVES AND EXPERIMENTAL DESIGN

Objectives

1. Descriptively and analytically compare the performance in quantification of six can&i&&e
antimicrobiatcontaining bacteriological culturggarmedia by subjecting these media to
repeated analysis of various One Heaitlevant environmental sample types: raw sewage
influent at a municipal wastewater treatment plant; surface watersapd dowrstream of a
Ydzy AOA LI f AGE FYyR KERNRBf23IAOIfte O2yySOGSR G2
final treated effluent; uncontained poultry manure from a fresnge community poultry farm;
and poultry litter from an industrgtandard broiler chicen farm.

2. 55a0NALIIAQGStEE YR FylFfedaoOrftte O2YLINB GKS | F2
performance in presumptively identifying target organisms (primarily ESB&) and in
presumptively characterizing target organisms as E8&8&tant wherused for analyses on the
aforementioned sample types.

3. Quantify andfurther analyze the concentrations and proportions of ESBL fecal indicator bacteria
in the aforementioned sample types, and compare these findings between samplectypes

namely, between ugseam vs. downstream surface water and between commuhiyd farm

poultry manurevs. conventional farm braoiler litter.
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Experimental Design

To properly evaluate candidate cultutel 8 SR Y SRA I Q& LIS EdoRbNSed, grneS Ay |
Health-oriented monitoring system, use of these media for analyzing One Heealidvant
environmental sample types was deemed necessary. As such, the experimental design for this project
relies on parallel analyses of sample types based on those proposed in theAWIBAR-Ec Tricycle
law {dzNBSAtElIyOS t NE2SOUO0a .YRWSTRZAR yERG JARKIE AMNDISK Ot
AY GKS SY@ANRYYSYOQ ¢2NJ] LYy NBEO2YY&ehtkly (I NBSGAY
amplify, andpotentially convey resistance to other One Health sectors: municipal wastewater, live
animal (especially poultry) market wastewatendasurface waters upstream and downstream of
municipal waste discharge points. Municipal and live market wastewaters were selected for their
important roleas contributors of human and animal waste into the environment. Surface water samples
were selectedor their relevance in environmental transmissigotentialamplification of AMR and

OKSAN) dzGAfAGE Ay aaSaaAay3a GKS AYLIOG 2F | Ydzy A OA

For this project, municipal wastewater and surface water sampkae easily obtainable and
were collected for analysis. Live market waste was not accessible due to a lack of registered and/or
cooperating live markets in North Carolina and the surrounding states. Abattoir wasteq\asea
plausible proxy to live marketastewaterg was considered, but again no cooperating facilities could be
located in the areaPoultry cecal samples, another alternative, proved difficult to obtain within the
project timeline.Ultimately, poultry manurefrom a freerange communityheld farm and broiler pen
litter from an industrystandard farm were selected a#ternativesample type®f poultry agriculture
fecalwastesthat are One Healthielevant andinked hydrologically, through biological vectors, o

otherwiseto the spread of AMR in the environment.
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With sample types identified, the research project was designed for all candidate media to be
used in parallel for the comparison of their initial quantification €fd&and other target organisms.
Seveal nonantibioticO2 y i AYyAy3 FylFf23dzSa 2F OSNIIAYy OFyRARI
be used in these parallel analyses so tt@nparisons could be made of the ability of different media to
guantify presumptive ESBL resistance proportiogigtive to totalE. coli After initial quantification,
ESBL target organisms would be selected, purified, and isolated from each candidate medium and then

4dzo 2SOGSR (2 O2YyFANNIG2NE O0A2O0KSYAOFfT 2NJ LKSy2ideLJ

accurately identifying target organism species and ESBL resistance could be compared.
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CHAPTER 4: METHODS AND MATERIALS

Introduction

This methodological study focused on the adaptation and comparison of several candidate
clinical andenvironmental culturebased media for use in a simple antimicrobial resistant bacteria (ARB)
monitoring method across a variety of setting and sample types. These media were assessed for their
performance in the detection and enumeration of target grastative fecal indicator bacteria
belonging to the Enterobacteriaceae family displaying extergfgettrumi -lactam resistance (ESBL) in
hotspot environmental samples of wastewater, wastewatapacted surface waters, and poultry
farming wastesTable 1givesan overview of the project elements and bacteriological culture media
examined in this study, target organisms, sampling sites, and analysis strategies for quantifying and

characterizing resulting assay data and bacterial isolates.
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Tablel. Summary of Project Elements: Culture Media, Target Organisms, Environmental Samples and Analytical Method

Bacteriologic Culture Media

CHROMagda" E SBL

HiMedia™HiChromeESBL

Liofilchem™Chromatic ESBL

Tryptone
Bile GlucoronicAgar(TBX)+/- Cefotaxime

MacConkey + Cefotaxime, +f X-Gluc

Primary:ESBlresistantE. coli

Environmental Sampling Sites

Commercial sromogenic medium for the clinical detection of
Grammnegative bacteria producing ESBL in stools and urine.
Evaluatedor environmental use

GCommercial tromogenic environmental and food safety medium
for selective detection, diffemtiation, enumeration of ESBL
producing Enterobacteriaceae

Gommercial btromogenic medium for the detection of Gram
negative ESBhroducing bacteria

Chromogenic mediurfor the selective detection and enumeratior
of Gramnegative fecal indicator bacteria the Enterobacteriaceae
family in environmental waters and foodstuffs. Modified by
addition of cefotaxime, a generic 3gkneration cephalosporin anc
broada LIS O (i-ldiawh, for the detection of ESBkoducing
Grammnegative coliform bacteria (includirig col). Both Tryptone
BileGlucoronicAgar with ceftaxime (candidate ESBL medium) al
Tryptone BileGlucoronicAgar without Cefotaxime (baselitie
colicoliform medium) were used simultaneously.

Clinicaldiagnostic culturenedium used for selective isolation and
differentiation of lactose€fermenting and lactose nefermenting
Grammnegative enteric bacilli. Modified by additiaf cefotaxime
for detection of ESBproducing Grammegative enteric bacilli, and
by addition of XGlucfor direct chromogenidetection ofE.

coli. MacConkey (baseling. colicoliform medium); MacConkey
with Cefotaxime (candidate ESBLcolicoliform medum);
MacConkey with 5Gluc(baselineE. colicoliform medium);and
MacConkey with Cefotaxime andGfuc(candidate ESBE.
colicoliform medium)were used simultaneously.

Target Organisms

Secondary: ESBesistant norE. colicoliforms;
total E. coljtotal nonE. colcoliforms

Municipal Raw Sewage Surface Water Impacted by  Freerange poultry Conventional Broiler
SewageEffluentUp- and manure Chicken Pehitter
Down-Stream of Municipal

Area

Quantitative Analysis

Analysis

Comparisons were made betwegenericcandidateESBland
correspondingaselinenon-ESBIgenericmedia to detect and
quantify E. coliand/or coliforms in the different sample

environmental matrices (Objective 1). Concentrations and
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proportions of presumptive ESBL coliof the total E. coliin the
environmental samples werealculatedfrom colonycountsscored
on their respective media

Confirmation of AntimicrobialResistance  Forrepresentative purified bacteriaolates originally detected on

Profile and Isolate Identity ESBImedia reduced susceptibility to Extendédlactams
(Cefpodoxime) and ESBL production was evaluaite®/itek?2.
Matrix-assisted laser desorption / ionization time of flight mass
spectrometry,and MALDITOF MS was used for definitive species
confirmationanalyss.

Sampling Sites
Studies focused on the following environmentalyevant samples from two nearby urban
areas, specifically the Chapel ¥@trrboro metropolitan area in Orange County, NC and the Raleigh

metropolitan area of Wake County, NC

1. agriculural samples, namely poultry farm wastes of both fresh chicken manure from -adinge
antibiotic-free farm (located in Carrboro, Orange County, NC) and broiler pen litter from an industry
standard demonstration farm near North Carolina State UnivensiBaleigh, Wake County, NC.

2. Municipal sewage influent samples were collected at the Orange Water and Sewer Authority
(OWASA) municipal wastewater treatment plant (WWTP) in Chap&atitboro, NC.

3. Surface water samples were collected apd downstream d the Chapel HilCarrboro
municipalities and its wastewater treatment plant. The water and wastewater sampling sites are
located in Chapel Hill, NC, and are hydrologically connected. Surface water samples were drawn
from Morgan Creek, the receiving watato which the treated final effluent of the WWTP
discharges.

Municipal Sewage

Samples of municipal raw sewage were collected periodically from the Orange Water and Sewer

Authority (OWASA) at Mason Farm Wastewater Treatment Plant in Chapel Hill, NSA®M5\a

sewerage network serving some 100,000 people in Orange County along 324 miles offigravity
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piping. The plant averages 8 million gallons of wastewater per day with a peak capacity of 14.5 million

gallons per day.

Influent wastewater flows intéthe Mason Farm WWTP, where large grit and debris are removed
with a bar screen before further treatment by physical, biological and chemical treatment processes.
Raw sewage samples are collected just past the point of the bar screen and before the treatme

processes.

Morgan Creek

Morgan Creek is 17 miles long, originating in headwdtarated in a rural areautsideof
the developedtown of Chapel Hill and then traversing the town, includdagsindy the Mason Farm
WWTP The Morgan Creek downstreasnirface water sampling site wiscated several hundred meters
downstream of the treated final effluent discharge point of the WWTRe upstream surface water
sampling site was located on an isolated bend of the creek neest of Chapel Hill and Carntmocity

limits, in a rural area near Jo Mac Rd.

Smallholder Free Range Chicken Farm

The farm used for poultry manure sampling is a community farm in Carrboro, NC, using
traditional farming techniquesThis freerange antibiotiefree farm is within the same watershed system
as the municipal wastewater service area and the surface water samples from Morgan Creek. Manure
was collected in opeair pens onsiteBroiler chickens are kept in loosely fence@iras, 120
chickens/area, and rotated around. Broiler chickens were predominantly a Rhode Island Red breed and

roughly 6 mo. old at time of collection

Conventional Industrial Demonstration Chicken Farm

The industrial type farm used for poultry wasgtampling is the academic experimental and

demonstration farm of North Carolina State University, off Lake Wheeler Road in Raleigh, North
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poultry wage sample collected. Chickens are fed an industandard dietBroiler litter was contained

and managed oisite.

Project Timeline

Sample collection occurred between January 2017 and March 2018. In all sampling events,
samples were collected and prased to determine presence and concentrations and then obtain
representative bacterial isolates of presumptive EERIoliand other ESBL coliforms as well as-hon
ESBIE. coliand coliformsinitial sampling focused on raw sewage and downstream surfaterwa
sampling and quantitative analysis plus confirmatory testing, through spring 2017. From summer
through fall 2017, samples of raw sewage, upstream and downstream surface waters, arghfjee
chicken waste samples were collected and processed to détertarget bacteria presence and
concentrations and to obtain representative ESBL isolates for confirmatory analyses. Inreaityger
spring 2018, access was obtained to sample broiler litter for quantitative analysis of target bacteria and
obtaining bacteia isolates for further characterization. Finally, in spring 2018, a last round of
confirmatory analysis of presumptive ESBL isolates was conducted on isolates obtained from

experiments involving all sample types.

Protocol and Analysis Schedule

The prdocol, analysis schedule and an overview of methods used to evaluate
candidateculture media for the proposed culturbased detection and enumeration of ESBLoli as

well as ESBL nda colicoliforms, and also alt. coliand coliformsin water and wastewater samples is

shownbelow inTable 2.
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Table2. Method Protocol Summary by Day
Day Objective
Day 1 Overview of Media (and Sources), Diluent &rglopreservatives and Use Methods:

CHROMagédtSBit (CHROMagyy HiCrome ESBL (HiMedia),Chromatic ESBL
(Liofilchem), MacComly agar medium (Remel), Tryptone Eikicuroniq TBXpgar
medium(HiMedia), Tryptic Soy Agdifco), Phosphatebuffered Saline, 1X Trypticase S
Broth (Difcg, and 60% Glycerol aqueous soluti@tisher Scientific)

Day 2 Sample Collection, Transport, and Storage (raw sewage samples stored 24h bef
analysis)

Direct, OneStep Membrane Filter Method for analysis of surface water sampledion
agar media

Direct Spread Plating Method for analysis of raw sewage samples on all agar me

Day 3 Bacteria Colony Identification and Enumeration on all membrane filter/spread plai
media

Presumptive Positive Bacteria Colony Selection and Initial Streak$iktiion and
purification on candidate ESBL Agar Media: candidate media
(CHROMagar ESBLHiMediat HiGome ESBLL.iofilchenn Chromatic ESBMacConkey
with cefotaxime MacConkey with cefotaxime and&Xuc, Tryptone Bil&lucoroniowith
cefotaxime)

Day4 Second Step Colony Streak Plate Purification of presumptive positive bacteria Isola
candidate ESBL Agar Media

Day 5 Third Step Colony Streak Plate Purification of presumptive positive bacteria on trypt
agar (TSA)

Day 6 TSB Culturésolate Supplementation witglycerol for frozen storage

Confirmatoryspecieddentification and antimicrobial resistance analysis

Media Preparation

All culture media and stock solutions were sterilized and prepared following manufacturer
instructions and procedures defined in Standard Methods for the Examination of Water and
Wastewatef?. Sterile, molten agar medisere tempered to 55C in a water bath prior to plate pouring.

In a laminar flow hood disinfected with 70% ethanol solution, agar medium plates were prepared using
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an electricity powereanechanicapipette gun and a sterile, polystyremépette. Molten agar was
dispensednto plates at 25 mL per 100x15mm plate and 5 mL per 60x15mm plate, before letting the
agarsolidify and dry. After 130 minutes solidifying and drying, agar plates were invertedistored at

4°C for 18 hourg for a minimum of 18 hours and a maximum3ofveeks before use.

Sample Collection, Transport, and Storage

In general, postollection, samples were stored &t@ and analyzed within 48 hours.
Allsampling was done usirdisposable or reusable equipment, including gloves, bottles, and coolers

that were sterilized postransport for their disposal or future reuse.

All surface water and wastewater samples were collected as grab samples in sterilized
polypropylene bottles anttansported in a chilled insulated cooler to the laboratory. Raw sewage grab
samples were collected by OWASA staff. Surface water samples were collected in the field by UNC
project staff. No composite sample$ sewage or watewere collectedover the couse of the project to

date.

Forpoultry manuresamples, a composite of Bdroppings was collected by project staff at the
farm and transported via cold chain to the laboratory. Postection, 5 g fecal matter was combined

with 50 mL sterile phosphatbuffered saline (PBS), vortexed, and dilugedially 16fold for analysis

For broiler litter samples, farm staff collected ~1 L litter in recently inhabited areas. Samples
were then transported to the laboratory within the hour; a cold chain could natder because of the
size of the sample. After measuring out 5 g litter into 250 mL PBS, sample preparation followed
according to Lu et al.rigfly, processingonsisted of lowspeed centrifugation, collection of the
supernatant, followed by higepeed centifugation and dissolution of the pellet in 3 mL PBS for use in

spread platinganalysi&®.

25



Direct, OneStep Membrane Filter Method

Membrane filtration methods are modifieflom Standard Methods 9222B and applied in the
detection and enumeraon of target organisms in surface water sampte&iven the low
concentrationsof E. coliand particularly ESHEE coliin the surface water of interest, all surface water

samples were filtered undiluted.

Before samples were analyzed, the workspace was disinfected with a 70% exbhriain.
Samples were then brought out froni@ storage and placed at the workspace. Aseptic technique was
practiced through the entirety of the assay, using sterile bottles, pipettes, flasks, filters, and forceps. A
vacuumconnected sterile filter flasglus filter funnel assembly (base and filter funnel) comprised the
filtration apparatus used for the experiment. Sterilized forceps dipped in alcohol and flamed off were
used to apply a sterile 0.45 um pore size, 47-diameter cellulosdilter (Millipore HA)on the filter
support base. Once the filter funnel is attached to the support base with the membranérfijiace,

100 mL of the sample was pipetted onto the filter and vacuumed through the apparatus. The interior of
the filter was rinsed with phgshate buffer to wash any residual sample onto the filter. The membrane
was removed aseptically from the base and transferred {gjidé up) onto a 60x15 mm plate ofie of

the agar media tested. For each medium, samples were filtered in triplicate attewlitoncentration.

Once completed, agamediumplates with membrane filters were then inverted and incubated 837

for 18-24 hours.

Direct Spread Plating Method

Spread plating methods are modified from Standard Methods 9215C and applied in the
detedion and enumeration of target organisms in municipal sewage and amepoigitty manureand
chicken litter sample®8. Spread plating was used as a preferred alternative to membrane filtration for

raw sewage samplegivend LINB | R exfifedteliidecfeds@dipropensity tproducecrowded plates
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or plates that are toenumerousto-count, by spreading.1 mL sample volumesito a 100 mm

diameter plate rather than filtering onto a 47 mdiameterfilter. Three 100 x 15 mm plates of each
medium used for analysis were allowed to come to room temperature. Each plate was labeldégpaith
of medium, sample type applied, and dilution. Using a sterile P2i@fopipetterand a sterile 12200 pL
micropipette tip, 100 pL of the appropriate sample and dilution was drawn up and dispensed onto a
plate of the appropriate medium. Used micropipettedivere thendiscarded. Using a sterile
inoculumspreader, the sample was distributed over the surface of the plate until uniform and dry. (A
turntable was used if desired.) Used cell spreaders were then discarded. A plate-atilgntic

medium (e.g., MaConkeyagarwithout additives) was also plated with 100 uL of the phosphate buffer
diluent and spread to act as a negative control. Plates were inverted and incubatetCafio 2624

hours.

Serial dilutions

After disinfecting the workspace with 7G8hanol solution, samples (raw sewage) were
removed from AC storage and placed at the work bench. Samples were then diluted seridtiid10
using phosphate buffer to obtain courike coloniesTable3 liststhe typical dilutions for each sample
site andmedium. Sterile bottles and pipettes were used to make each dilution. Raw sewage samples
were prepared in thred 0-fold dilutions in an effort to account for variability in bacterial loads from one

sampling period to the nexAll other samples were plated triplicate at the same dilution.

The intentof the plating procedurewas to avoid confluent colony growth ftre purpose of
obtaining isolated colonies as well as preventing the occurrence of crowded-oiutmerousto-count
colonies omplates. Thealilutions made were specific to each medium and sample type, with more

dilution for samplesvith higher bacteria concentratiorend fewer dilutions for samples expected to
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have lower bacteriatoncentrationsand plated on antibiotic media (e.g., surface wasamples plated

on ESBL agar media).

Table3. Typical Sample Dilutions Used for Spread Plate and Membrane Filtration Analysis by Sample Sitdidai Gr
Baseline Glture Medium

Sample Site OWASA Raw Morgan Creek, Poultry

Sewage Upstream/Downstream  Manure and
Litter

Tryptone BileGlucoronic 107, 102, 103 10° (triplicate) 10 (triplicate)

Tryptone 10°, 10, 102 10° (triplicate) 103 (triplicate)

Bile Glucoroniawith

Cefotaxime

CHROMaga¥ ESBL 10°, 10, 102 10° (triplicate) 103 (triplicate)

HiMediad™ HiChromeESBL 10°, 10%, 10? 10° (triplicate) 103 (triplicate)

Liofilchem™ Chromatic 10°, 10, 102 10° (triplicate) 103 (triplicate)

ESBL

MacConkey 1072, 1083, 104 10° (triplicate) 101 (triplicate)

MacConkey with 10°, 107, 102 10Q° (triplicate) 103 (triplicate)

cefotaxime

MacConkey with X 10°, 107, 102 10Q° (triplicate) 103 (triplicate)

Glucand Cefotaxime

MacConkey with >Gluc 107, 10? 108 10Q° (triplicate) 101 (triplicate)

Counting and Analysis of Bacterial Colonies

Colony Visualization and Enumeration

After incubation, colonies on the membranes or spread plates were observed and counted for
those having the desired color and appearance. Numbecslohies as colony forming units (CFUs) for
presumptive targetmicroorganisms were totaled for each plate and recorded as discrete counts
according to colony color guides provided by the manufacturer. Colony plate counts for each
target microorganism, samp type, medium and dilution were then used to calculate target bacteria

concentrations in samples as CFU/100 m

Interpretation of colony identity was primarily on the basis of color; however, other colony

characteristics such as transparency, shapé, streen were included when discriminating between

O2f2yASa 2F AAYAfI NI Y2NLK2f23& (GKIG RAR y2i O2NNB
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Bacteria Concentration (CFU/100 mL for water/wastewater samples, CFU/g for poultry wastes)

For each cultre medium, sample presumptive target organism concentrations were calculated
from counts of colonies with the anticipated appearance. Each sample and agar medium was plated on
average at 3 dilutions for raw sewage samples, and at 1 dilution in tripficagdl other samples. Too
numerous to count (TNTC) was set at 250 colonies per plate. Given the low concentrations of ESBL
resistant target bacteria in water and poultry manure samples, no lower limit was established for colony

counts.

Calculation of coloy forming unit (CFU) concentration varied slightly by sample type. For raw
sewage samples, CFU/100 mL concentrations were calculated by taking the arithmetic mean of total
colony counts from all countable plates, dividing by the sample volume platednahigplying by 100 to
normalize to CFU/100 mL. For surface water samples, 100 mL undiluted sample was filtered for each
plate, so calculating CFU/100 mL simply required taking the arithmetic mean of colony counts from all
countable plates. For poultry mareiand poultry litter samples, CFU/g feces/litter was calculated by
taking the arithmetic mean of colony counts from all countable plates, normalizing from the sample
volume plated to the entire sample volume, and dividing by the mass of feces/littee iarttended
sample.For the purposes of graphing poultry wast&& concentration values on a selmgarithmic
plot, all null values were replaced wighlessthan-lower-detectiorntlimit valueof 0.1 to achieve a real
numberfor log-transformed concentratios (All such graphs are labeled accordingly to notify the reader

of this manipulation.)

Frequency of fEc detection data was derived from sampiEd&concentrations. Here, plate
count data were dichotomized so that any samplEd=concentration of >0 CFUQ@L or >0 CFU/g was
counted as a detection for that medium on that sample matrix. Sample concentrations of 0 were

dichotomized as nowletections.
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For all concentrations, estimated upper and lower 95% confidence limits were calculated
according to the Fgson distribution by adding/subtracting two times the square root of the arithmetic

mean colony counts from that same mean value

Calculations for Proportions of Presumptive Antimicrobial Resistant Bacteria

The proportions of presumptive ESBL indicdtacteria were calcated by dividing the
individualmean presumptive ESBL bacteria concentration of the sample obtained by plating on the
candidate ESBL medium (e.g., TBX wéffotaxime) by the individuahean totaltarget bacteria
concentration obtainedy plating on the corresponding base medium (e.g., TBX without cefotaxime).
The arithmetic mean of these weekly proportion values was reported as the overall mean proportion of
target bacteria which were determined to be ESBL resistant. This calcula®pesformed on parallel
assays, same sample type, same corresponding candidate and baseline media, same target organisms.
These datawere alsobasen f 2 3 NA G KYA O f fidNI YNIFRPANFERE SR 126 S/ om
statisticaltesting (see below)This involved dividing the sample 10 transformed candidate medium
E-Ec concentration by the lef0 transformed baseline media tot&l coliconcentration, then taking the
absolute value of that fraction (to avoid negative proportiots)instances bEEc nondetection (i.e.,
the EEc concentration equaled 0 CFU/100 mL or 0 CFU/g), null values were replacledstitan-
lower-detectiontlimit valuesof 0.1 to achieve a readumber logtransformed value(All relevant tables

are labeled accordinglptnotify the reader of this manipulation.)

Average, Standard Error, and Confidence Interval Calculations

Averages were calculated to measure the central tendencies of presumptive concentrations and
proportions of target indicator bacteria. Standard errors for weskr-week mean concentration values

were calculated by taking the square root of the sampleararé over the number of samples,
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—&8Presumptive ESBEsistant bacteria proportiongf were calculated similarly, usirg——=&-or all

above sample types and analyses, 95% confidence intervals were calculated by taking 1.96*standard

error plus or ninus the average.

Normality Determination

Precedindurther statisticalanalysis, an evaluation dhtanormality was performed using a
Shapiro Wilk test in GraphPad Prigatate count and proportion data for all samples were tested both
as raw data antbg-10 transformeddata. Normality testing determined that led0O transformed raw
sewage plate counts were normally distributed, as were logrd@sformed proportions of presumptive
ESBL resistance for all settings. Parametric methods were used to aihelyealata. For all other
sample matrices and data types, Shapivilk tests indicated that data were neither normal nor4og

normal. Nonparametric tests were used &iatistical analyses afiese data.

ANOVA Analyses

Analysis of variance (ANOVA) tests an efficient and powerful family of methods for
statistically comparing several like parameters at once. Varioustpstt exist in concert with ANOVA
tests to statistically compare two of the total groups being analy@¥dinary oneway ANOVAvith
SR I {mQltiple comparisons posgests - each essentially a pairaetest - were used to compare week
over-weeklog 10transformedmean EEc concentrationfor raw sewageANOVA was also used to
comparelog 10transformedproportions of presumptive ESBL resistance amengplin a given sample
type for all candidatébaselinemediapairs ANOVA witf A R m{lti@lé& comparisons wafsirther used
to compare candidate media diagnostic statistics for presumgiiveolidentification, non-E. coli

coliform identification, andESBL resistance characterization. Where multiple candidate media across

two sample types were compared, atwol & ! bhx! gAGK { ARl | Qdest&vaz G A LI S

performed to compare botlof thesefactors.
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Unpaired tTest

Unpaired ttests rely on approximately parametric distributions of data to assess the significance
of differences between two means. Here, an unpairg¢dst was used to compare differences between
mean ESBE. coliconcentratiors forall candidate media between community farm poultry manure and
conventional farm broiler litter. Mean-Ec concentrations for all candidate media were grouped into
sets by sample type, log 2tansformed to achieve normality, and subjected to an ungait-test with

an equivalent variance assumption in GraphPad Prism.

Fisher’'s Exact Test

CAaKSNRa SEFOG GSad Aa | adGradradaort Fylteara
2x2 contingency table being independent, similar to asthiared test but moredept and precisat
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varied between candidate media for a given sample type, or if frequencyeofdetection varied for a
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see ifcandidate medigresumptiveE. coliand nonE. colcoliformidentification was associated witdm

A a2t I G Eatinoh-B doizbliformidentity.

Selection, Purification, and Isolation of Colonies

To purify and isolate selected ESBL target indicator bacterial colonies from membrane filter and
spread plates, selected colonies werieked andstreaked onto like agar media and incubated at@G7
for 18-24 hours in two successive purification steps.étad: first, weltisolated single colonies with the
morphology expected of target organisms were selected from the membrane filter/spread plate with a
sterile wooden applicator stick and aseptically streaked onto 100 mm x 15 mm plates of the like ESBL
medum. A maximum of 5 colonies (for expediemty representativenegswere selected per target

organism for each sample, withZLcolonies streaked for isolation per plate as resources allowed. After
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incubation of the first streaked plate, another purificat streak was performed by selecting a single,
representative colony per plate and-streaking it for isolation on the same medium. After this second
incubation, a single, representative colony per plate wastreaked for isolation on a 100 mm x 15 mm
tryptic soy agar (TSA) plate. Following incubation on TSA, well isolated colonies were submitted
immediately for confirmatory testing, as schedule and resources allowed, or enriched into
alphanumerically labeled cryotubes containing 1 mL aliquots of gjtidrsoy broth, 2 60% glycerol
broth. These aliquots were incubated at°87for 1824 hours, organized into boxes, and frozer84PC

for future confirmatory analysis.

Bacterial Isolate Revival and Ruurification

When opportunity arose to submit stored and frozen bacterial isolates for confirmatory testing,

the revival and repurification of these isolates was found necessary.

Frozen isolate aliquots were removed from #88°C freezer and brought to room tempédtee.
Each isolate was then aseptically streaked onto a fresh 100 mm x 15 mm TSA plate using Sterile 10
loops and incubated overnight at 7. If the resulting culture displayed multiple morphologies, or if the
culture was known to be impure, this T§fwn culture was then streaked to purity on the candidate
ESBL medium from which it was initially isolated, following the procedure for purification streaking
outlined above. Colony morphologies were noted and recorded, and an isolated colony of the targe
organism was then aseptically streaked onto TSA. Revived, pure isolates were then submitted for

confirmatory analysis.

Identity Confirmation via MALDTOF MS

Matrix-assisted laser desorption and ionizatitime of flight mass spectrometry (MALDOF
MS)isas®l t f SR waz2FiQ A2yATFGA2y LINROS&a F2NJ FG2YAT Ay

species identificatiot¥®®. Those successfully revived and@biacterial isolates were subjected to
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MALDITOF MS in partnership with the Clinical Microbiology Laboratory at North Carolina State
'YAGSNERAGEQa /2tfS3S 2F +SHGSNAYFNE aSRAOAYS 6b/ {!
presumptive identitiesas gemis and speciesf bacterial isolates cultured from samples analyzed on

candidate ESBL media.

Selected isolates were purifiegand/or revived and purified as aforementioned, streaking on
TSA and incubating overnight for-28 hours at 37C. These cultes were then transported using a cold
chain to the staff of the Clinical Microbiology Lab. There, staff performed MPOQBIMS on the fresh
colonies using an approvdzoMérieuxinstrument and manufacturerecommended methods for direct
colony spotting. Aolony was selected for each isolate and, using a sterile toothpick, smeared on a
MALDITORMSplate. The inoculated plate was then irradiated with a pulsating laser so as to desorb and
ionizebiomolecules of the selected colonypnized biomolecules welgccelerated into a flight tube,
deflected with a magnetic field, and separated by mass and charge. The mass to charge ratio in each
sample was then compared against a digital library of biomolecules associated with different species to

identify the speciesf each isolate.

Antimicrobial Susceptibility Testing by VITEK 2 Analysis

Concurrent with MALBTOF MS analysis, presumptively Ef&Bistant colonies were subjected
to antimicrobial susceptibility testing via the VITEK 2 (bioMérieux) test systenaufbisated system
evaluates susceptibility to cefpodoxime (a representative ESBL antimicretmahmended for ESBL
resistance screenifit) and imipenem (a representative carbaperieAactam antimicrobial), and it

additionally assesses extendsgectrumy -lactamase production in selected isolates.

t F NOYSNARAY3I &l FF olagy Uab perohéd the ¥IXBK R @rlalysis, pisk@dNE o A
colonies off submitted TSA plates and smearing them on a VITEK 2 AST card with a sterile toothpick. The

AST card contained wells pieaded with MICs of the reference antimicrobials anathen loaded into
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the VITEK systegithese wells were inoculated and incubated. The system contained an optical scanner
to judge the growth of isolates in the presence of MIC values of the reference antimicrobials compared
to a reference database with CLSI and EUCAST Mifscilihe results were then use to classify isolates

as resistant, intermediately resistant, or susceptible to the antimicrobials used.

ESBL production was analyzed with a test panel with wells containing several cephalosporin
lactam antimicrobials, bét with and without clavulanic acid, a known extenelgabctrumi -lactamase
inhibitor. Concurrent with the above analysis, these wells were inoculated and then measured for
bacterial growth by an optical scanner. The system assessed isolates as exdpacteamy -
lactamaseproducing or not by the proportional reduction in growth in wells containing both

cephalosporin and clavulanic acid compared to growth in wells containing just the cephalosporin
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CHAPTER RESULTS

Raw sewage
This sectiomeports the sample and meanHEt concentrationghe proportions of presumptive

ESBL resistance amongglkoliand the diagnostic accuracy in isolate presumptive identification and
characterizatiorasdeterminedby analyses witttandidate medidor 10 municipal sewage sampling
eventsover 9 monthspetween January 2017 and October 2017. Sampling events were not scheduled at
regular intervals. (All raw sewage sampling event dates may be fourabie47. ESBL Eok

concentrations, in CFU/100 mL, in raw sewage for all candidate and baseline media by sampling week.

Figure 1showsa boxandwhisker plot of thespread inEEc concentrations in raw sewage, with
2.5"-97.5" percentile whiskersas deermined by all candidate medi&entral tendencies and minimum
and maximum values may be foundTiable 4 Individual samplé=Ec concentrations in raw sewage are
shownfor each medium in descending concentratiarFigue 2. HE and MC media were consistently
the most EEcsensitive media, while LE and MCX media were consistently the least sensitive in
guantifying EEc from raw sewage (cf. Figure 2)dging by the highest and lowest mean and maximum
E-Ec concentrationd;lE medium was the most sensitive in quantifying raw sewalge &ith mean and
maximum concentrations of 2.20E+06 CFU/100 mLaawdl.57E+07 CFU/100 mL, respectively.
medium was the least sensitiverith mean and maximum concentrations of 9.42E+04 CHUML and
2.13E+05 CFU/100 mL, respectiely Table 4). As defined by median and minimuBcE
concentrations, however, MC medium quantified raw sewade host sensitiveyith median and
minimum concentrations of 6.23E+05 CFU/100 mL and 9.50E+@200FL, respectivelyMCX

medium quantified EEc least sensitivelyith median and minimum concentrations of 3.50E+04
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CFU/100 mL and 1.60E+04 CFU/100®@flthe remaining candidate media, CE medium gave higher

mean, median, minimum, and maximurrEE conentrations than BC medium.

R aw S ew age ESBUL E. coli Concentrations by Candidate M edium
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Figurel.Boxand-whiskerplot of the distribution of concentrations, in CFU/100 mL, of ESBd&lin raw sewage, as determined
by all candidate media (n=10 samplaahiskers denote the 2.87.5 percentile rangeA semiog graph is used for scale.

Table4. Arithmetic mean (with standard deviation), median, minimum, and maximumESBlconcentrations in raw sewage
for all candidate media @r the course of 10 sampling events.

Medium Mean [EECc] (SD) (CFU/10C Median [EEC] Minimum [EEc]  Maximum [EECc]

mL) (CFU/100 mL)  (CFU/100 mL)  (CFU/100 mL)
BC 1.56E+05 (1.07E+05)  1.35E+05 2 ATE+04 3.57E+05
CE 2.43E+05 (1.07E+05) 1.97E+05 2 57E+04 7.47E+05
HE 2.20E+06 (4.46E+05) 4.43E+05 5.60E-+04 1.57E+07
LE 9.42E+04 (6.03E+04) 8.45E+04 2.10E+04 2.13E+05
MC 7.57E+05 (6.30E+05) 6.23E+05 9.50E+04 2 46E+06
MCX  3.45E+05 (8.36E+05) 3.50E+04 1.60E+04 2.84E+06
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Figure2. Individual sampling week concentrations, in CFU/100 mES®L E. cati raw sewage as determined by all candidate
media. A semlog graph is used for scale.

Furtherexploring differences in medgensitivityfor raw sewage Hc quantification, ane-way
ANOVA test was performed to compare g 10transformedconcentratiors of EEc detected in raw
sewage by all candidate mediBaple5). The results from this statistical test suggest statistically
significant differences (p<0.001) between candidate media. FollowingN@VAest, Sidak2 dultiple
comparisons postests were run to compare each pair of candidate media individug#ipk 6). Post
test results indicated that the following pairs of candidate media yielded statistically significantly
different (p<0.05) EEc concentrations in raw sewad¢E and LE media; HE and MCX media; LE and MC
media;and MC and MCX mediaC and HE mealiand BC and MC media, were statistically significantly
different at p<0.10 but not p<0.05. All other media pair differences in melao &ncentrations were

not significant
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Table5. Results oANOVAest comparing the matched eek-over-week mean concentrations of ESBLcolin raw sewage as
detected by all candidate media

Sample Type Statistic of F Statistic ANOVAp-value
Comparison (p<0.05 is significant)
Raw sewage Log10transformed 6.677 <0.0001
mean EEc
Concentration

Table6. Results of A R m{lti@l& comparisons podests comparing the matched concentrations of EBBtolin raw sewage
as detected by all candidate media pairs. A egiidded cell indicates the result is statistically sigaift at p<0.05.

Logl0(Mean)
Medium 1 Medium 2 Sample Type p_—val_ue_(_p <0.05 Difference(raw
IS significant)
data)
BC CE 0.9998 -0.181
BC HE 0.0659 -0.675
BC LE 0.9993 0.199
BC MC 0.0599 -0.683
BC MCX Raw sewage 0.9892 0.259
CE HE 0.4103 -0.494
CE LE 0.7982 0.38
CE MC 0.3850 -0.502
CE MCX 0.5968 0.44
HE LE 0.0049 0.874
HE MC >0.9999 -0.008
HE MCX 0.0021 0.934
LE MC 0.0044 -0.882
LE MCX >0.9999 0.06
MC MCX 0.0019 0.942

To define the detected concentrations ofHe as a proportion of tot&. colin raw sewage,
guantification of samples was performed in parallel on baseline (i.e-amtibiotic) versims of BC, MC,
and MCX media.rshmetic mean proportions of presumpte ESBL resistance amongdzaltolivaried
between media pairs. BC/B (i.e., TBX) media detected the highest proportion of presumptively resistant
E. coli at 6.64%, while MC/M (i.e., cefotaxiramended MacConkey without the&luc chromogen)
presumptivelydetected a nearly twarder ofmagnitude lower proportion of ESBL resistance (0.08%) in

E. coliMCX/MX (i.e., cefotaximand XGlucamended MacConkey) media reported a mé&BBL

resistance proportion in between, at78% Figure 3) To see if these mean proportions of
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presumptive ESBL resistanceEincolin raw sewage varied by media palve numerator and
denominator data weréndividuallylog 1Gtransformed (to achieve normality) aradone-way ANOVA
was performed. Results of lIANOVA testvere not significant at p<0.09 &ble7). PosthocSidak2 &
multiple comparisons tests also indicated thatra#tan log 1&ransformedESBL resistance proportions

were insignificantly different from one anothergble8).

MCX/MX BC/B MC/M
1.73% 6.64% 0.08%
' ® MCX ESBL ' #BC ESBL E # MC ESBL
E. coli coli E. coli
MX Total B Total E. M Total E.
E. coli coli coli
98.27 93.36 99.92
% % %

Figure3. Presumptively ESBesistant Proportions of Total E. coli in Raw Sewage as Quantified by Candidate &éind Bas
Media

Table7. Results of ANOVA comparing the méagptransformedproportions of ESBL retance among E. coli in raw sewage, as
determined by candidate/baseline media pairs

Sample Type Statistic of F Statistic ANOVAp-value
Comparison (p<0.05 is significant)
Raw sewage LoglGtransformed 0.2306 0.7956

presumptively ESBL
resistant proportion of
detectedE.coli

Table8.{ A R mjltiQl& comparisons posests results for candidate/baseline media pairs' differences in quantifying the
proportions of presumptive ESBL resistance in raw sewage E. coli

LoglQ@Transformed
p-value (p<0.05 Proportion

Medium Pair1  Medium Par 2 Sample Type )
Pe P is significant) Difference(Raw

data)
BC/B MC/M 0.8777 0.029
BC/B MCX/MX Raw sewage 0.9167 0.013
MC/M MCX/MX 0.9167 -0.016

Per Objective 2, the study aimed to assess the performancarafidate media in correctly
identifying, purifying, and isolating the target ESBL indicator bacteria (&, ESBL neh coli

coliforms) based on a total of 185 presumptive isolat&s assess whether the presumptively identified
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indicator bacterial isolate classifications wegnedictive oftheir actual identity(as identified by MALDPI
TOF MS speciation and VITEK AST confirmatory®a&a)J | £t £ OF yYRARFIGS YSRAFZ | (
used. The results indicated that presumptiasv sewage isolate identification (dichotomizedeas
colinon-E. coliwas statistically significantfp<0.0001)predictive ofactual bacterial identityTable9).
Diagnostic statistics with 95% confidence intervals are list8@ble 10for collectiveperformance of
candidate media in presumptively identifying raw sewage isolat&s aslinon-E. coli Collectively, all
media correctly presumptively identified actuaHe isolates ai&. colwith 91.67% sensitivity. All
candidate media correctly ideffiied nonE. colas nonE. colwith 66.42% specificity. Of &0
presumptive EEc isolates, 44 were confirmed Bscolifor a positive predictive value (PPV) of 48.89%.
Of all95 presumptive norEEc isolates, 91 were confirmed as HBEc, for a negate predictive value
(NPV) of 95.79%\nalyzing the proportion of true detects plus true nrdetects, the overall diagnostic

efficiency (ODE) for all media in raw sewage analyses was 72.97%.

5AF3AYy2a0GA0 LISNF2NXYIyYyOS & identifizgatioh af Nav seydd&. €oisR dzl Y S
listed inTable10. BC, HE, and MCX media gave presumpivmlidentification that was statistically
AAIAYATFAOLyGE & | &a 2. kolinan&ERcoliléniityk CEA HE2aind MICX énédlia had thelzl
highest sensitivity at 1.000, while MC medium had the lowest at 0.3333. BC medium had the highest
specificity (1.000), while MC medium had the lowest (0.5000). BC medium also had the highest PPV

(1.000), and CE medh had the lowest PPV (0.06667). CE, HE, and MCX all had the highest NPV
(NPV=1.000), while MC medium had tbevest NPV (0.7143). BC medium had the highest overall

diagnostic efficiency (ODE=0.9773), while CE medium had the lowest ODE (0.5750).

Table9. Contingency Table &. colspeciation in raw sewage by all candidate media, plus Fisher's exact test significance and
select diagnostic performance statistics for correct identification of bacterial isolates

Data Confirmed E. Confirmed Total| p-value Sensitivity 0.9167 [0.8045,

analyzed coli non-E. coli (<0.05 [95% CI] 0.9671]
significant)

Presumptive 44 46 90 <0.0001 Specificity 0.6642 [0.5816,
E. coli [95% CI] 0.7379]

Presumptive 4 91 95 PPV [95% CI| 0.4889 [0.3882,
non-E. coli 0.5905]

Total 48 137 185 NPV [95% CI| 0.9579 [0.8967,
0.9835]

ODE [95% CI  0.7297[0.6657,
0.7937]
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Tablel0. Results of Fisher's exact test for independence of presumptive and confirmed raw sewage E. coli isolate identity, plus
diagnostic performance statistics, for each candidate medium. Statistically signifivahigs (p<0.05) are highlightéu gold.

Fi she
N° exact test

Medium  Confirmed p-value
Isolates (p<0.05is

Sensitivity  Specificity PPV NPV ODE
[95% CI] [95% CI]  [95% CI] [95% CI] [95% CI]

significant)

0.9773
o 0.9521 1.000 1.000 e [0.9333,

BC 39 ' [0.8856, [1.000, [1.000, [0:8773, 1.000]

1.000] 1.000] 1.000] 1.000]

1.000 0.5625 0.06667 1.000  0.5750
CE 33 0.4545 [0.05129, [0.3933, [0.00342 [0.8241, [0.4218,
1.000] 0.7183] ,0.2982] 1.000] 0.7282]

1.000 0.6500 0.5000 1.000 0.7632

HE 27 0.0058 [0.6457, [0.4329, [0.2680, [0.7719, [0.6280,

1.000] 0.8188]  0.7320] 1.000] 0.8983]
0.8000 0.5714  0.1818 0.9600 0.5957
LE 47 0.1710 [0.3755,  [0.4221, [0.07307 [0.8046, [0.4554,
0.9897]  0.7088] ,0.3852] 0.9979] 0.7360]
0.3333 0.5000  0.1667 0.7143 0.5789

MC 13 >0.9999 [0.0171, [0.2366, [0.00854 [0.3589, [0.3569,
0.8815] 0.7634] 9,0.5635 0.9492] 0.8010]

1.000 0.8667 0.8462 1.000 0.9394

MCX 26 <0.0001 [0.7412, [0.6212, [0.5777, [0.7719, [0.8580,

1.000] 0.9763]  0.9727] 1.000]  1.000]

Candidate medigerformance for norE. colicoliformé & O 2 f Apecafialy; aih collectively
and individually, was somewhatorse than forE. colinNJ ¢ &4 Sgl 3Sd CAAKSNDAa SEI O
diagnostic statisticoof 185 isolates fronall media collectively are displayedTable 1. Overall,
CAaKSNDRa SEIFOG GSaid NIBdifdah/tios-colfoyiiRdeitywia$ only Bordérlind INS & dzY LJ
significantly associated with confirmed coliform/nanliform identity. Collectively, media correctly
presumptively identified confirmed coliforms with 62.26% sensitivity and correctly identified confirmed
non-coliforms with 53.03% spdicity. Out of all presumptive coliforms, candidate media collectively

accurately predicted their identity with a 34.74% PPV, and these media correctly identified presumptive
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non-coliforms with a 77.78% NPV. The overall diagnostic efficiency for alhnmedigtecting coliforms

vs. noncoliforms was 55.67%.

For individual media, only BC medium gave presumptive coliform identities significantly
associated with their confirmed identitie¥4ble 12. BC medium also had the highest sensitivity (100%,
tied with LE medium), specificity (74.07%), PPV (63.16%), NPV (100%, tied

with LE medium), and overall diagnostic efficiency (82.08%)nedium had the lowest sensitivity
(33.33%) and PPV (15.38%), while LE medium had the lowest specificity (28.57%) and

ODH?39.39%) despite having the highest sensitivity and NPV (each 100%). MC medium had the lowest
NPV (50.00%).

Tablel1. Contingency Table abn-E. coli coliformspeciation in raw sewage by all candidate media, plus Fisher's exact tes
significance and select diagnostic performance statistics for correct identification of bacterial isolates

Data Confirmed Confirmed Total| p-value Sensitivity 0.6226 [0.4881,

analyzed coliforms non- (<0.05 [95% CI] 0.7406]
coliforms significant)

Presumptive 33 62 95 0.0737 Specificity 0.5303 [0.4455,
coliforms [95% CI] 0.6134]

Presumptive 20 70 90 PPV [95% CI| 0.3474 [0.2592,
non- 0.4474]

coliforms

Total 53 132 185 NPV [95% CI| 0.7778 [0.6815,
0.8513]

ODE [95% CI 0.5567 [0.4852,
0.6283]
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Tablel2. Results of Fisher's exact test for independence of presumptive and confirmed raw sewdgeoli colifornmisolate
identity, plus diagnostic performance statistics, for each candidate medium. Statistically signHicdnég (p<0.05) are
highlighted in gold.

Fi she
N° exact test
Medium  Confirmed p-value

Isolates (p<0.05 is
significant)

Sensitivity  Specificity PPV NPV ODE
[95% CI] [95% CI] [95% CI] [95% CI] [95% CI]

ooy 09524 0.7407 06316 1.000 0.8205
BC 39 ' [0.8855,  [0.5532, [0.4104, [0.8389, [0.7001,
1.000] 0.8683] 0.8085] 1.000] 0.9410]
0.7500 0.5200  0.3333 0.8667 0.5758
CE 33 0.2419 [0.4093,  [0.3350, [0.1628, [0.6212, [0.4071,
0.9556]  0.6997] 0.5625] 0.9763] 0.7444]
0.3333 0.4762  0.1538 0.7143 0.4444

HE 27 0.6483  [0.05923, [0.2834, [0.02734 [0.4535, [0.2570,
0.7000]  0.6763] ,0.4223] 0.8828] 0.6319]
1.000 0.2857  0.2000 1.000  0.3939
LE 33 0.3023 [0.5655,  [0.1525, [0.08861 [0.6756, [0.2272,

1.000] 0.4706] ,0.3913] 1.000]  0.5000]
0.5000 0.5714 05714 0.5000 0.5333
MC 15 >0.9999  [0.2152,  [0.2505, [0.2505, [0.2152, [0.2809,
0.7848]  0.8418] 0.8418] 0.7848] 0.6667]
0.6667 0.5500  0.3077 0.8462 0.5769
MCX 26 0.6447 [0.3000, [0.3421, [0.1268, [0.5777, [0.3870,
0.9408]  0.7418] 0.5763] 0.9727] 0.7688]

Upstream surface water (Morgan Creek Upstream)

This section reports the sample and meakdconcentrations, thiequency of sample
positivity, proportions of presumptiv&ESBL resistance amongBlicoliand the diagnostic accuracy in
isolate presumptive identification and characterization as determined by analyses with candidate media
for 6 upstream surface watexamplingevents sampling events over 7 months, betwegril 2017 and
November 2017. Sampling events were not scheduled at regular inter&filapstream surface water

sampling event dateandraw concentrations by mediummay be found ifTable49.) Note that for the
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commercial candidate media (CE, HE, and LE media), too few isolates could be analyzed by confirmatory

analyses to provide all diagnostic statistics.

For all candidate medianultiple sample®ut of 6 totalyieldedEEc concentrations of O
CFU/100 mL. The number of samples wiidEhordetections by candidate media is displayed able
13.MCX medium detected-Ec in samples with the greatest frequency (4 out of 6 samples), and BC
medium detected EEc with the second greatest frequency (2 out of 6 samples). All other media
detected EEc in only 1 out of 6 sampleé@uantitatively, concentratins of EEc were generally low
(Figure 4, Table J4All media shared a median (and minimurdg&concentration of 0 CFU/100 mils.
determined by having the highest meafEE concentration, BC medium was the most sensitive;
however, MC and MCX media detedtthe highest maximum concentrations. Judging by mean and
maximum values, CE medium was the least sensitiveEin @humerationlndividual EEc concentration
valuesare displayed in descending order for each candidate mediufigure 5All candidate mdia

detected EEc concentrations of <2 CFU/100 mL in the majority of samples.

Because upstream surface watave uniformly lowEEc concentrations anglave nondetects

insomesamplés | CAaKSNDa SEIFOG (Said 61 a exiSedim2 NY¥SR (2 &
OF YRARFGS YSRALF Q& TabkBY &xS¢RE RBEAKEGEOEX2¢KAHA CAAKS
significant at p<0.05, suggesting that all candidate media detected \Eith comparable frequency in

upstream surface water.

To investigate why-Ec detection was infrequent and whyEE titers were low, baseline media
were used to analyze upstream surface water samples and quantify total (i.e., ESBL resistant and non

resistant)meanE. colconcentrationgFigure §. Dependingn the baseline medium used, tot&l coli
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meanconcentrations ranged between 1525 CFU/100 miNone of the baseline media failed to detect

E. colin any of the samples.

Table13. Number of samples with detected ESBL E. cobF&U100 mL) in upstream surface water for all candidate media, plus
the results of a Fisher's exact test for differences between candidate media.

Morgan Creek Upstream Detection Frequency

Medium # Samples DetectinglEc # Samples Not Fishels exact test p
Detecting EEC value (p<0.05 is
significant)
BC 2 4 0.4233

CE 1 5
HE 1 5
LE 1 5
MC 1 5
MCX 4 2

: e e

ESBL E

Concentration
= -~ =z
o
H

Figured. Weekoverweek arithmetic mean ESBL E. coli concentrations (in CFU/100 mL) in lozgirupstream surface
water, as determined by all candidate media. Error bars denote standard error of the AlEaEcnon-detecswere
incorporated into mean calculations as concentrations of 0 CFU/10Numhber of samples by candidate medium detegtrO
CFU/100 mL ESBL E. coli are displayed next to the medium name in the legend.
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Tablel4. Arithmetic mean (with standard deviation), median, minimum, and maximumESBliconcentrations in upstream
surface water for altanddate media over the course os&mpling events.

Medium Mean [EECc] (SD) (CFU/10C Median [EEC] Minimum [EEc]  Maximum [EEc]

mL) (CFU/100mL)  (CFU/100mL)  (CFU/100 mL)
BC 1.83 (3.87) 0.000 0.000 9.67
CE 0.111 (0.272) 0.000 0.000 0.667
HE 0.667(1.63) 0.000 0.000 4.00
LE 0.278 (0.680) 0.000 0.000 1.67
MC 1.72 (4.22) 0.000 0.000 10.3
MCX  1.28(2.08) 0.000 0.000 10.3
1 . e
: 9 R B -,
+ H iC r m E S B L (11/6 m p
6 +ClvromalchSBL(l/ﬁsamp\es

Figure5. Individual sampling week concentrations, in CFU/100 mL, ofEESBLLin upstream surface water as determined by all
candidate mediaNumber of samples by candidate medium detecting >0 CFU/100 mL ESBL E. coli are displayed next to the
medium name in the legendll EEc nordetects are displayed as concentration® &FU/100 mL
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M organ Creek Upstream Mean TotalE.coli Concentration by M edium

n (CFU/100 m L)

B3 65 o6 sam ples positive)
:Maccunkey(s/e sam ples
positive)
:Macconkeyw/XrGluc
(6/6 sam ples positive)
| n o=

17
I

Figure6. Arithmetic mean concentrations of totél colin upstream surface water as determined by quantification with-non
antibiotic 'baseline' media over 6 sampling events.

To deternine the prevalence of ESBL resistance antengplin upstream surface water,
indicator bacteria concentrations from parallel analyses on select candigatemediaand
corresponding baseline media were compargay(ire7). All candidate/baseline media pairs detected
approximately 1% of alt. colias presumptively ESBL resistant. BC/B mgali@the highest proportion
of resistance, at 1.23%; MCX/MX media gave the next highest presumptive ESBL resistance proportion,
at 086% of alE. coliiMC/M gavethe lowest proportion of resistance, at 0.77% oftallcoldetected in
upstream surface water. Subsequentlitea log 10 transforming these proportions (as described for
raw sewage), aANOVAest was performed to check fatatistically significant differences in these
proportions. The results of thkNOVAest were not significant, a fact confirmed pyA R miltiQlé&

comparisons postests between dual candidate/baseline media pairalflesl5 and 16.
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Table 15. Result®f ANOVA comparing the meédog 10transformedproportions of ESBL resistance among E. coli in upstream
surface water, as determined by candidate/baseline media piivte that, for the purposes of log transformation, all EEBL
coliconcentrations of 0 CFU/100 mL were assigned alesslower-detectionlimit value of 0.1 for this analysis only.

Sample Type Statistic of F Statistic ANOVAp-value
Comparison (p<0.05 is significant)

Upstream surface Logl6transformed 0.6959 0.5140

water presumptively ESBL

resistant proportion of
detectedE. coli

MCX/MX BC/B MC/M
0.67% 0.61% 0.40%

MC ESBL

MCX ESBL BC ESBL E Total

E. coli coli Coliforms

®MX Total W B Total E. M Total

E. coli coli Total

Coliforms

99.39 99.60

Figure?. Proportions of upstream surface water colwhich are presumptively resistant, as quantified by candidate/basel
media pairs. AllEcnon-detects were included in calculations as concentrations of 0 CFU/100 mL.

Table16.{ A R m{ltplé comparisons posests results for candidate/baseline media pairs' differences in quantifying the
proportions of presumptivESBL resistance in upstream surface water ENmk that, for the purposes of log transformation,
all ESBE. coliconcentrations of 0 CFU/100 mL were assigned &lesslower-detectionlimit value of 0.1 for this analysis
only.

Medium Pair1  Medium Pair2  Sample Type p-value (p<0.05 LoglGTransformed

is significant) ~ Proportion
Difference (Raw
data)
BC/B MC/M Upstream 0.8936 -0.104
BC/B MCX/MX surface water 0.9383 0.08469
MC/M MCX/MX 0.5902 0.1887

To examine collective accurasf/ithe candidate mediin presumptively identifyinge. coli a
O2yitAy3aSyoOe GlofS gla O02yaidNHzOGSR yR I CAAKSNRa
LINBadzYLWGADS ARSYGAGASE 6SNB |aa20AF0SResbAGK Aazfl

indicated that presumptive and confirmésl colinon-E. colidentities were in fact significantly
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associated at p<0.09 éble Tr). Collectively, all media presumptively identifiédcoliwith 75%
sensitivity and 100% specificitgs determined by MAL-TOF MS speciation dat8peciation results
from all media collectively gave a 100% P&#35% NPYand a 95.65% ODBiagnostic performance
statistics are listed for individual mediaTiable B. Only for MCX medium were presumptive and
confirmed identiies statistically associate@C and MCX media had the highest sensitivity at 100%,
while MC medium had the lowest at 0%l media performed with 100%pecificity.BC and MCX media
identified E. colwith 100%PPV All media except MC identifief. colwith 100% NPV and ODE; MC

medium performed with 83.33% NPV and ODE.
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Tablel7. Contingency Table of E. coli speciation in upstream surface water by all candidate media, plus Fisher's exact test
significance and select diagstic performance statistics for correct identification of bacterial isolates

Data
analyzed

Presumptive
E. coli
Presumptive
non-E. coli
Total

ConfirmedE. Confirmed Total| p-value
coli non-E. coli (<0.05
significant)
0.0023
3 0 3
1 19 20
4 19 23

Sensitivity
[95% CI]

Specificity
[95% CI]
PPV [95% CI
NPV [95% CI

ODE [95% CI

0.7500 [0.3006,
0.9872]

1.000 [0.8318,
1.000]
1.000 [0.4385,
1.000]
0.9500 [0.7639,
0.9974]
0.9565 P.8732,
1.000]

Tablel8. Results of Fisher's exact test for independence of presumptive and confirmed upstream surfaEe cuditdentity,
plus diagnostic performance statistics, for each candidate medsigmificant pvalues are highlighted in gold.

Medi N° Fi s he¢ Sensitivity Specificity
um  Confir exact test [95% CI] [95% CI]
med p-value
Isdate (p<0.05is
S significant
)
BC 4 0.2500 1.000 [0.06129,
1.£)00] 1.000
[0.4385,
1.000]
CE 4 >0.9999 - 1.000
[0.5101,1.0
00]
HE 2 >0.9999 - 1.000
[0.1777,1.0
00]
LE 0 - - -
MC 6 >0.9999 0.0000 [0.0000, 1.000
0.9487] [0.5655,
1.000]
MCX 7 0.0476 1.000 [0.1777, 1.000
1.000] [0.5655,
1.000]
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PPV NPV
[95%  [95% ClI]
cl]
1.000  1.000
[0.0512 [0.4385,
9, 1.000]
1.000]
; 1.000
[0.5101,
1.000]
; 1.000
[0.1777,
1.000]
- 0.8333
[0.4365,
0.9915]
1.000  1.000
[0.1777 [0.5655,
,1.000]  1.000]

ODE [95% Cl]

1.000 [0.5101,
1.000]

1.000
[0.5101,1.000]

1.000
[0.1777,1.000]

1.000 [0.5655,
1.000]

1.000 [0.6457,
1.000]



The collective performance of the candidate meidigpresumptively identifying nok. coli
coliforms wagyenerally quite low, except for correctly identifying roaliforms as such. Collectively,
presumptive and confirmed coliform/necoliform identities were not significantly associated according
G2 CAaAKSNDE TaEelY. Colléckaly) meNid gedatmedwittd 100% sensitivity and 13.64%
specificity. Analyzingollectivelythe accuracy ofmediapresumptive identities, méia gave a 5.00% PPV

and a 100% NPV. The overall diagnostic efficiency was 100%.

None of the individual media showed significant association between presumptive and
confirmedcoliform/non-coliformidentities (Table20). MC medium gave the highest sensitivity (100%);
all other sensitivities were incalculable given too few confirmatory results. MCX medium gave the
highest specificity (28.57%); CE, HE, and MC media all had 0% spedi@iaitedium performed with
the highest PPV (16.67%); all other media for which data existed performed with 0% PPV. BC and MCX
media had the highest NPV and ODE values (100%). All other media NPVs could not be calculated. CE,

HE, and MC media all performed with ODE values of 0%.
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Table19. Contingency Table abn-E. coli coliformspeciation in upstream surface water by all candidate media, plus Fisher's
exact test significance and select diagnostic performance statistics for correct identification of bacteriad isolate

Data Confirmed Confirmed Total| p-value Sensitivity 1.000 [0.05129,
analyzed coliforms non- (<0.05 [95% CI] 1.000]
coliforms significant)
Presumptive >0.9999 Specificity 0.1364 [0.04749,
coliforms 1 19 20 [95% CI] 0.3333]
Presumptive PPV [95% CI| 0.05000 [0.@565,
non- 0.2361]
coliforms 0 3 3
Total NPV [95% CI|  1.000 [0.4385,
1.000]
ODE [95% CI  1.000[0.5101,
1 22 23 1.000]

53



Table20. Results of Fisher's exact test for independence of presumptive and confirmed upstream surfacenateoli
coliformidentity, plus diagnostic performance statistics, for each candidate med@ignificant pvalues are highlighted in
gold.

Mediu NP Fi s h e Sensitivity [95% Specificit PPV [95% CII NPV ODE
m Confirme exact test Cl] y [95% [95% CI] [95% CI]
d Isolates  p-value Cl]
(p<0.05is
significant
)

BC 4 >0.9999 - 0.2500 0.000 1.000 1.000
[0.01282, [0.000,0.5615 [0.06129 [0.06129

0.6994] ] , 1.000] ,1.000]

CE 4 >0.9999 - 0.000 0.000 [0.000, - 0.000
[0.000, 0.4899] [0.000,

0.4899] 0.4899]

HE 2 >0.9999 - 0.000 0.000 [0.000, - 0.000
[0.000, 0.8233] [0.000,

0.8233] 0.8233]

LE 0 - - - - - -

MC 6 >0.9999 1.000[0.05129, 0.000 0.1667 - 0.000
1.000] [0.000, [0.008549, [0.000,

0.4345] 0.5635] 0.4345]

MCX 7 >0.9999 - 0.2857 0.000[0.000, 1.000 1.000
[0.05077, 0.4345] [0.1777, [0.1777,

0.6411] 1.000] 1.000]

Downstream surface water (Morgan Creek Downstream)

This section reports the sample and meaRdconcentrations and the proportions of
presumptive ESBL resistance amongatiolias determined by analyses with candidate media for 6
downstream surface water sampling events over 8 months, between February 2017 and October 2017.
Sampling events were not scheduled at regular intervalsdphstream surface watesampling event
datesand concentrations by mediumay be found imrable51.) Note that for all candidate media, too

few isolates could be analyzed by confirmatory analyses to providdiagyostic statistics.
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For all candidate media, at least one sample yield&tt Eoncentrations of 0 CFU/100 mL. The
number of samples with-Ec nordetections by candidate media is displayedable 21. € medium
detected EEc with the greatest frequeey (5/6 samples detectingiEc), while LE medium detectéstEc
with the least frequency (2/6 samples detectindE&. Quantitatively,as in upstream surface water
samples, EEc concentrations were low, typically <10 CFU/100Rgure 8shows the arithmetic mean
concentrations, in CFU/100 mL, oEE in downstream surface water from six ronsecutive analyses
on candidate mediaCentral tendencies and minimum and maximum values f&c Eoncentrations for
each medium are displayed Treble 22 With the lowest mean, median, and maximum concentrations,
LE was the least sensitive medium in detecting downstream surface water HE medium gave the
highest mean #£c¢ concentration, while CE medium gave the highest medEnddncentrationtad BC
medium gave the highest maximum concentration. All media shared a minirdaoncEncentration of 0
CFU/100 mLUndividual sample concentrations bgnk orderconcentration (i.e., maximum to minimum

individual sample #Ec concentrations)ral medium aredisplayed irFigure 9

Becausaill candidate media gave lowHe concentrations and failed to deteckEE in at least
one downstream surface water sample, CA a8 KSNXDa SEIF OG0 G4S&aid 61+ a LISNF2NY
of nondetection for all candidatenedia Table21).¢ KS NBadzZ ¢ 2F (KA& CAAKSNDa
significant at p<0.05, suggesting that all media detecté&tt Bvith staistically comparable frequency. As
a comparison for the lovitEc titers quantified by all candidate media, tdalcdlconcentrations in
downstream surface water were quantified by parallel analyses with baseline nkediag10). All
baseline media detected-Ec in all downstream surface water samples and quantified mean E

concentrations between 106200 CFU/100 mL.
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Table21. Number of saples with detected ESBL coli (>0 CFU/100 mL)downstream surface water for all candidate media,
plus the results of a Fisher's exact test for differences between candidate media.

Morgan CreelDownstreamDetection Frequency

Medium # Samples DetectingEc # Samples Not Fisher's exact test-p
Detecting EEC value (p<0.05 is
significant)

BC 4 2 0.7436

CE 5 1

HE 3 3

LE 2 4

MC 4 2
MCX 3 3

(c Fu/too

Figure8. Weekoverweek arithmetic mean ESBLcBLi concentrations, in CFU/100 mL, in downstream surface water, as
determined by all candidate media. Error bars denote standard error of the ra&Ec nordetects were incorporated into
mean calculations as concentrations of 0 CFU/100 Thie. fracton of samples by candidate medium witEE
concentrations >0 CFU/100 mL are displayed in the legend next to the medium name.

Table22. Arithmetic mean (with standard deviation), median, minimum, and maximumESBliconcentratons in
downstream surface water for all candidate media over the course of 6 sampling events.

Medium Mean [EEc] (SD) (CFU/10C Median [EEC] Minimum [EEc]  Maximum [EEc]

mL) (CFU/100mL)  (CFU/100mL)  (CFU/100 mL)
BC 7.61 (18.2) 0.333 0.000 44.7
CE 2.67 (3.45) 1.67 0.000 9.33
HE 8.00 (14.5) 0.167 0.000 36.0
LE 0.611 (1.08) 0.000 0.000 2.67
MC 1.67(1.84) 1.17 0.000 4.00
MCX  1.72(3.30) 0.167 0.000 8.33
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Figure9. Individual sampling weatoncentrations, in CFU/100 mL, of ESBL E. coli in downstream surface water as determined by
all candidate mediaAll EEc nordetects are displayed as concentrations of 0 CFU/100 he fraction of samples by candidate
medium with EEc concentrations >0F0/100 mL are displayed in the legend next to the medium nAraegmented -éxis is

used for scale.
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FigurelO. Arithmetic mean concentrations of total E. coli in downstream surface water as deterrgigeditification with
nonrantibiotic baseline media over 6 sampling events.

To determine the prevalence of ESBL resistance arBonglin downstreamsurface water,
indicator bacteria concentrations from parallel analyses on select candigatemediaand
corresponding baseline media were compa(E@yure 1). All candidate/baseline media pairs reported
proportions of presumptive ESBL resistance among downstream surfaceBvateliat rates of roughly

1-4%. MC/M candidate/baseline media gave the legfiproportion of resistance, at 4.11%, while
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MCX/MX and BC/B media pairs gaeenewhat lower butmore similarestimates, at 1.26% and 1.48% of

total E. colj respectively. To see if these media pairs gave significantly different ESBL resistance

proportions, an ANOVA test was performath the log 1@ransformed proportion data, as with previous

sample typesThe results of thisNOVAest indicated no significant differences (at p<0.05) between

GKSaS LI ANBR 2F YSRALFQa SainvowisteBm duifdBelwatdIcdiz ya 2 F 9
(Table23).{ A R m{ltiQlé& comparisons podests also gave no significant differences between pairs of

candidate/baseline media pair$ ¢ble24).

MCX/MX BC/B MC/M
0.67% 0.61% 0.40%

MC ESBL

MCX ESBL BC ESBL E Total
E. coli coli Coliforms

®MX Total #B Total E. ® M Total

E. coli coli Total

99.33 Coliforms
% 99.39 99.60

Figurell Presumptively ESBL resistant proportioﬁé of total E. addivimstream surface water as quantified by candidate «
baseline mediaAll EEc nordetects were included in calculations as concentrations of 0 CFU/100 mL.

Table23. Results ohn ANOVA comparing the medog-transformedproportions of ESBL resistance among E. coli in
downstream surface water, as determined by candidate/baseline media pairshe purposes of leégansformation, all EEc
nonrdetects were given assthan-lower-detection limit of 0.1 before log transforming and conducting the analysis.

Sample Type Statistic of F Statistic ANOVAest p-value
Comparison (p<0.05 is significant)

Downstream surface Log 10transformed  0.4273 0.6600

water presumptively ESBL

resistant proportion of
detectedE. coli
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Table24.{ A R miltiQlé comparisons pogests results for candidate/baseline media pairs' differences in quantifying the
proportions oflog-transformedpresumptive ESBL resistance in downstream surface water.BNatelithat, for the purposes of
log transformation, all ESHL coliconcentrations of 0 CFU/100 mL were assigned alesslower-detectiortlimit value of 0.1
for thisanalysis only.

Medium Pair 1  Medium Pair2  Sample Type p-value (p<0.05 Log l@transformed

is significant) Proportion
Difference (Raw

Data)
BC/B MC/M Upstream 0.8555 -0.1437
BC/B MCX/MX surface water 0.7906 -0.1677
MC/M MCX/MX 0.9991 -0.024

ComparingMorgan Creek Upstream vs Downstream surface water

Per Objective 3 his section compardsy candidate media thfequencies of E=c detection,
mean EEc concentrationsgnd proportions of ESBL resistance amBangolin upstream versus
downstream surfae waters Because all media failed to detecEE in at least one downstream surface
gl GSNI Al YLXS YR AY Ydzf GALX S dzLJAGNBIY &dz2NFFOS 41
to compare the frequency of-Ec detection for each sample type,thdor a given medium and for all
media collectivelyTable25). Results suggest that media detected& with statistically comparable

frequency in both upstream and downstream surface waters.

Comparing these sample types quantitativétigure 12displays mean-Ec concentrations by
candidate medium for both surface water sampl@3ifferences in upstream minus downstream mean
EEc concentrations for each candidate medium can be fouddbie 2§. With the exception of MC
medium, all candidate nua detected higher{Ec concentrations in downstream surface water. The
differences in mean-Ec concentration beteen sample types were small (€6U/100 mL) for all
media; however, given the low concentrations eEE these differences represented egle proportion
of the mean values for each medium and sample type. For all media except MC and MCX, the difference
between upstream and downstream meafEE concentrations was greater than the upstream mean

values.
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Table25. Resultso€ A 8 KSNDR& SEIF O GSadazr F¥2NJ SFEOK OFyRARFGS YSRAdzY FyR
E. coli detection in upstream vs downstream surface water

Sample Types Statistic for Comparison
Upstream vs Downstream Frequency of #£c detection
Surface Water
Medium P-value (p<0.05 is significant)
BC 05671
CE 0.2424
HE >0.9999
LE >0.9999
MC 0.5455
MCX 0.5671
All Media 0.2196
% 15 :TBX w / cefotaxim e
© B i :H\CrumeESBL
é Ml :ChrnmalchSBL
E &I le__r_ ﬁ ﬁ“a & =Macconkeyw/

o cefotaxime, X -G luc

EsB L E

T T
n=6 samples
< N
o
K
B

Figurel2. ESBL E. coli weekerweek mean concentrations from upstream and downstream surface water for all candidate
media. Error bars represent standard error of the méalic nordetects were incorporated in mean calculations as
concentrations of 0 CFU/100 mL
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Table26. Upstream surface water mearHE concentrations minus downstream surface water meko Eoncentrations for
each candidate medium.

Upstream minus Downstream Surface Water

Medium Mean EEc Concentration (CFU/100 mL)
BC -5.78
CE -2.56
HE -7.33
LE -0.333
MC 0.0055
MCX -0.444

Another comparison of interest was the difference in the proportions of ESBL resistance among
all E. colin upstream vs downstream surface water, as determinetbgylGtransforming proportions
of ESBL resistance determined by #ierementioned candidate/baseline media paifg1ANOVA
analysis with postests was carried out to see if, for a given pair of media, upstream and downstream
surface water samples gavéfdring ESBL resistance proportions. The results of this analysis show that
the sample type did not significantly affect the proportions of ESBL resistance &moaliat p<0.05.
{ A R I obt€2st mulfiple comparisons also indicated that, for each danedia, differences in the

prevalence of ESBL resistance were not significantly different beteaapleqTable Z).
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Table27. Results of ANOVA and multiple comparison-fess for evaluating differences liog-transformedE. coli ESBL
resistance prevalence between upstream and downstream surface visddtg that, for the purposes of log transformation, all
ESBE. coliconcentrations of 0 CFU/100 mL were assigned athesslower-detectionlimit value of 0.1 for this analysis.

Sample Types Statistic for ANOVA: % P-value (p<0.05 isignificant)
Comparison Variation
Upstream vs Downstream Log 16 7.669% 0.1191
Surface Water transformed
presumptively

ESBL resistant
proportion of
detectedE. coli

Medium Upstream Minus Downstream  P-value (p<0.05 is significant)
E. colithat are ESBIResistant
(log 10%)
BC/B 15.64% 0.6322
MC/M 17.92% 0.5262
MCX/MX 0.0690P6 0.9567

Community (smallholder) farnpoultry manure

This section describes and analyfmscandidate media theie-Ec detection frequency,
guantified EEc concentrations, and quantified proportions of ESBL resistance amangalin 3
community farm poultry manure sampling events over 5 months, between June 2017 and November

2017.

As with surface water analyses| candidate media failed to detectEe in at least one poultry

manure sampleThe number of samples withEc nordetects for each candidate medium is shown in

Table 28¢ 2 SO f dzt 1S RATTSNBY OBcyof BEE de@etigh®anidoultr Y SRAF Q&

A
(p))

YIydNBS | ChAa

NDRa TadelBO® ¢ K50 NBRdzx LANEZINNERAOCAAK

AAAYATFAOLI Yl adz33aSadAy3a GKFG y2 air3dFddetactohy & RATFFS

within this matrix.

Figure B shows arithmetic weeloverweek mean concentrations, in CFU¥gsh fecesof EEc
in wet poultry manurefrom three nonconsecutie analyses on candidate media. Central tendencies and

minimum and maximum-Ec concentration values are awdle for all media iTable ®. All candidate
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media shared a minimumEc concentration of 0 CFU/g. BC medium had the highest maxinion E
concentrationand the highest mean-Ec concentration among all media. CE medium had the highest
median EEc concentration of all candidate medid&, MC, and MCX shared the lowastan, median,
maximum, and minimum concentrations (aflues o0 CFU/y Individual senpling week

concentrations for each candidate medium are displaydeéignire 14 (Full concentration data by

medium and sampling week can be found'able53.)

As a comparison to the lowHEcdetection frequencies and concentratiofund in community
farm poultry manure, parallel analyses were run on the same samples with baseline media to quantify
total E. coliconcentrations. Mean toté. coliconcentrations are shown by baseline mediunfrigure

15. TotalE. coliconcentrations ranged between $Q0’ CFU/g, andE. coliwere detected in all samples.

Table28. Number of samples with detected ESBL E. coli (>@@eh nanure) incommunity farm poultry manuréor all
candidate media, plus the results of a Fisher's exact test for differences between candidate media.

Community Farm Poultry Manure Detection Frequency

Medium # Samples Detectin # Samples Not DetectingEe Fisher's exact test-palue
EEc (p<0.05 is significant)
BC 1 2 0.1753

CE 2 1
HE 2 1
LE 0 3
MC 0 3
MCX 0 3
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Com m unity Farm Powultry M anure M ean ESBUL E.coli Concentration by Candidate
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Figurel3. Weekoverweek mean ESHL coliconcentratiors, in CFU/g, in community famoultry manureas detected by all
candidate media. Error bars denote standard error of the mEanscale, a sering plot is usedNote that, for the purposes of
log transformation, all ESHL coliconcentrations of @FU/100 mL were assigned a fdsan-lower-detectionlimit value of 0.1
for this graph.

Table29. Arithmetic mean (with standard deviation), median, minimum, and maximumESBlconcentrations in
community farm poultry manuref all candidate media over the course of 3 sampling events.

Medium Mean [EECc] (SD) (CFU/10C Median [EEC] Minimum [EEc]  Maximum [EECc]

mL) (CFU/100 mL)  (CFU/100 mL)  (CFU/100 mL)
BC 6.00E+04 (1.04E+05) 0.000 0.000 1.80E+05
CE 2.67E+03 (3.53E+03) 1.33E+03 0.000 6.67E+03
HE 3.80E+04 (6.52E+04) 6.67E+02 0.000 1.13E+05
LE 0.000 0.000 0.000 0.000
MC 0.000 0.000 0.000 0.000
MCX  0.000 0.000 0.000 0.000
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Com m unity Farm Powultry M anure M axim um to M inim um E S B L E coli C oncentrations
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Figurel4. Individual sampling week mean concentrations, in CFU/g, of ESBL E. coli in commupityffiayrmanureas
determined by all candidate mediA semiog graph is used for scalote that, for the purposes of log transformation, all ESBL
E. coliconcentations of 0 CFU/100 mL were assigned atleas-lower-detectionlimit value of 0.1 for this graph.

Com m unity Farm P owultry M anure M ean Total E . coli Concentration by M edium
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Figurel5. Arithmetic mean concentrations of total E. colcommunity farm poultry manuras determmned by quantification
with non-antibiotic baseline media oversaimpling events.

The anomalously higmaximumE-Ec concentration on BC medium notably influenced the
proportions of BC/B medidetectedE. colthat were presumptively ESBésistant Figure B).
Proportions values from later BC/B sample calculations, as well as from all values on MC/M and
MCX/MX media pairs, indicate that 0%FofcoliO I LJG dzZNB R ¥ Nd@@uftry auveivereF | NI Q &

presumptively resistant. To compai@ these media pairtheir reported ESBL resistance proportions
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analyticallyan ANOVA witf{ A R m{ltiQlé comparisons pogests was performed. Both the ANOVA
and posttest results indicated that all 3 candidate/baseline media pairs gave statistically comparable
proportions (atp<0.05) of ESBL resistance among community faraitry manurek. col(Tables30 and

31).

MC/M BC/B MCX/MX
0.00% 3?%00 0.00%
® MC ESBL ®WBC ESBLE ® MCX ESBL
E. coli coli E. coli
M Total E. B Total E. MX Total
100.0 coli coli 100.0 E. coli

0% 70.00 0%

Figurel6. Proportions of detected E. coli in community farm poultry manure that were presumptively ESBL resistant. Note that
the proportion reported by BC/B media pair is entirely driven by one anomalously-lBigboBcentration on BC medium.

Table30. Results of ANOVA comparing the méanl0transformedproportions of ESBL resistance among E. coli in community
farm poultry manure as determined by candidate/baseline media pditste that, for the purposes of log transformation, all
ESBE. coliconcentrations of 0 CFU/100 mL were assigned ahesslower-detectionlimit value of 0.1 for this analysis.

Sample Type Statistic of F Statistic ANOVAp-value
Comparison (p<0.05 is significant)
Community farm Log 16transformed 0.8446 0.4751
poultry manure presumptively ESBL

resistant proportion of
detectedE. coli

Table31.{ A R m{ltdlé comparisons posests results for candidate/baseline media pairs' differences in quantifyingghe
10-transformedproportions of presumptive ESBL resistance in communitydauttry manureE. coli Note that, for the
purposes of log transformation, all ESBlcoliconcentrations of 0 CFU/100 mL were assigned ahesslower-detectionlimit
value of 0.1 for this aalysis.

Medium Pair 1 ~ Medium Pair2 Sample Type  p-value (p<0.05 Log l@transformed

is significant) ~ Proportion
difference (Raw
data)
BC/B MC/M Community farm 0.6738 0.2574
BC/B MCX/MX poultry manure 0.6506 0.2669
MC/M MCX/MX >0.9999 0.009501
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Conventional farm broiler pen litter

This section describes and analyfmscandidate media theie-Ec detection frequency,
quantified EEc concentrations, and quantified proportions of ESBL resistance am&galin 3
conventional farm broilertier sampling events over 2 months, between February 2018 and March

2018.

As with poultry manure samples, all candidate media failed to deté&tt B at least one broiler
litter sample. The number of samples witHEE nordetects for each candidate medtuis displayed in
Table 32To compare the frequency of broiler littetfrEO RSGSOGA2Y o6& YSRAdzYZ

performed. The results of this test were not significant, indicating that all media performed comparably

in detecting broiler littele-Ec(Table32).

Despite the occurrence ofEc nonrdetection in a given sample for all candidate media, all
candidate media also detected >1.00E+03 CFLEg I at least one sample. Furthermore, BC, MC, and
MCX candidate media detected >1.00E+04 CFiHg i two samplesThese high sample
concentrations considerably raised the meakd&concentration quantified by each candidate medium.
Figure I shows weeloverweek mean concentrations, in CFU/g, éE&in broiler chicken pen litter
from an industrystandard farm, asetected by all candidate medi@entral tendencies and minimum
and maximum values forEc concentrations quantified by all candidate media can be fouifidlhe
33. All candidate media shared a minimum individsample EEc concentration of 0 CFU/g. BC medium
had the highest maximum individusample EEc concentration, while CE medium had the lowest.
Individuatsample EEc concentration values are displayedrégk orderconcentration (i.e., highest
concentration to lowestand culture medium inFigure 18(All individual sample concentrations by

culture medium and sampling week can be found in
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Table55)

As a comparison to-Ec concentrationgparallel analyses were performed to detect toEalcoli
from these samples using baselinedm. Mean totaE. colconcentrations were between 2.0°

CFU/g, depending on baseline mediufigire 19. All media detectedt. colin all samples.

Table32. Number of samples with detected ESBL E. coli (>0 CFU/g fresh manargjeintional farm broiler littefor all
candidate mediaplus the results of a Fisher's exact test for differences between candidate media.

Conventional Farm Broiler Litter Detection Frequency

Medium # Samples Detectinglc # Samples Not Fisher's exact test-palue
Detecting EEC (p<0.05 is significant)
BC 2 1 >0.9999
CE 1 2
HE 2 1
LE 1 2
MC 2 1
MCX 2 1
© ] e
e e
= hor ic s («
e T |{_| 1 =

B C c MoC X

Candidate M edium

Figurel7 Weekoverweek mean ESBL E. coli concentrations, in CFU/g, in conventional broiler chicken pen litter as detected by
all candidate media. Error bars denote standard error of the méaemilog graph is used for scalgll EEc nordetects were
incorporded into mean calculations as concentrations of 0 CFU/100 mL.
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Table33. Arithmetic mean (with standard deviation), median, minimum, and maximumESBliconcentrations in
community farm poultry manure for all candidate medigenthe course of 3 sampling events.

Medium Mean [EEc] (SD) (CFU/10C Median [EEC]

mL)

(CFU/100 mL)

Minimum [EEc]
(CFU/100 mL)

Maximum [EEC]
(CFU/100 mL)

BC 6.26E+04 (6.99E+04) 4.97E+04 0.000 1.38E+05
CE 8.90E+02 (1.54E+03) 0.000E00 0.000 2.67E+03
HE 4.88E+03 (5.17E+03) 4.33E+03 0.000 1.03E+04
LE 1.22E+03 (2.12E+03) 0.000E00 0.000 3.67E+03
MC 3.88E+04 (3.55E+04) 4.67E+04 0.000 6.97E+04
MCX 1.42E+04 (1.49E+04) 1.30E+04 0.000 2.97E+04
i 1 - TB X w/ fot m (2173
C ieeoo \. e CHROMAL ESBL (113
oooooo ——a e s
v HiCrome ESBL (2/3
: 10 + (C1h/3 m o E S B L
i o T ‘; . (»42/3 c '::Ieyswpl )

sam ple

Figurel8. Individual sampling week mean concentrations, in CFU/g, of ESBL E. coli in conventional broiler chicken pen litter as
determined by all candidate media.semilog plot is used for scale. To accommodate a $egiplot, all EEc nordetects were
assigned lessthan-lower-detectionlimit value of 0.1.
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Figurel9. Arithmetic mean totaE. coliconcentrations in conventional farm broiler litter as determined by baseline media over 3
sampling events.

Figure20 shows the proportions of presumptive ESBL resistance among broileHittelj as
detected by candidate/baseline media pairs. MCX/MX candidate/baseline media gave the highest
proportion of ESBL resistance, at 14.81%. BC/B and MC/M media both detected much lower ESBL
resistance proportions, at 2.47% and 1.93%, respectively. Td sigaificant differences existed
0SG6SSy SIFOK YSRAI LI ANRA NBYRINGIBR! 9dnuliple NERRIAQF O
comparisons postests was performed to compareehog 16transformedproportions. Both tests
indicated that no significant flerences existed between these medileESBL resistance proportions at

p<0.05 Tables34 and 33.
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MC/M BC/B MCX/MX

14.81
1.93% 0.00% %
uMC ESBL ® BC ESBL E ® MCX ESBL
E. coli coli E. coli
"M ‘_I'otal E. # B Total E. ® MX Total
coli coli E. coli
98.07 100.0
% 0% 85.19%

Figure20. Presumptively ESBL resistant proportions of total E. coli in conventional broiler pen chickergjittentified by
candidate and baseline mediAll EEc nordetects were incorporated into calculations as concentrations of 0 CFU/100 m

Table34. Results of ANOVA comparing thg 10transformedmean proportions of ESBL resistance among E. coli in
conventional broiler chicken pen litter, as determined by candidate/baseline mediaatesthat, for the purposes of log
transformation, all ESBE. coliconcentrations of 0 CFU/100 mL were assigmézbssthan-lower-detectionlimit value of 0.1 for
this analysis.

Sample Type Statistic of F Statistic ANOVAp-value
Comparison (p<0.05 is significant)
Conventional broiler Log 16transformed 0.0338 0.9969

presumptively ESBL
resistant proportion of
detectedE. coli

chicken pen litter

Table35.{ A R miltiQlé comparisons pogests results for candidate/baseline media pairs' differences in quantifyingghe
transformedproportions of presumptive ESBL resistance in conventional broiler chicken pé&n GtiéNote that, for the
purposes of log transformation, all ESBlcoliconcentrations of 0 CFU/100 mL were assigned élesslower-detectionlimit
value of 0.%or this analysis.

Medium Pair 1  Medium Pair 2 Sample Type p-value (p<0.05 Log 106
is significant) transformed

proportion

differences

(Raw data)
BC/B MC/M Conventional 0.9959 -0.06667
BC/B MCX/MX farm broiler pen 0.9942 -0.07493
MC/M MCX/MX litter >0.9999 -0.008259

Comparing community farnpoultry manurevs conventional farm broiler chicken pen litter

Per Obijective 3, this section compafes candidate media thérequencies of E=c detection,

mean EEc concentrations, and proportions of ESBlstasce amonde. colin community farm poultry
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manure versus conventional farm broiler litt&ecause all media failed to detecEE in at least one
sample of each poultry waste sampletgpe I  &SG 2F CA&AKSNDa SEFOG GSaida
frequency of EEc detection for each sample type, both for a given medium and for all media collectively

(Table36). Results suggest that media detectedE& with statisticdy comparable frequency in poultry

waste samples from both farms

Figure 21shows mean fEc values for each candidate medium for both community faoortry
manureand conventional broiler chicken pen litter sample tyde#ferences in mean concentrations
are shown by candidate medium Trable 37 Four of the six candidate medietected higher Ec
concentrations in conventional farm broiler littdran in community farm poultry manuréC medium
had the highest difference in mearHe concentratior§3.88E+04 CFU/getween sample types, while
LE medium had the lowest differen(e22E+03 CFU/g)o e whether, collectively, meantc
concentrations in poultry manure differed significantly fronean concentrationg broiler litter, a two
sample ttest was performed onthe $ed 2 ¥  Y-BaRsform@dime&naE=s concentrationfor each
sample typegTable 38. The results of this test were significant aOpkbut not p<0.05, suggesting
there is not sufficient evidence to conclude significant differences exist in the concentratieBooihE

poultry manure vs. broiler litter.
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Table36. Results o€ A & K S ND &

SEI O

GtSatazr ¥2NJ SIFOK OFyRARFGS YSRAdzy

E. coli detection in community farm poultry manure vs. conventional farm broiler litter.

SampleTypes

Community farm poultry manure vs.
conventional farm broiler litter

Medium

BC
CE
HE
LE
MC
MCX

All Media

W eek -over-W eek M ean

1.000.000

no(CFUIg)

100,000

10,000

1.000

E S B L

E .

coli by M edium

a

n

d

Statistic for Comparison

Frequency of f£c detection

P-value (p<0.05 is significant)
>0.9999
>0.9999
>0.9999
>0.9999
0.4000
0.4000
0.1756

Farm W aste Sam ple Type

TB X w/ cefotaxim e
CHROMAQgGgar ESB L

H iC rom e E S B L

IR

C hrom atic E S B L

z
o
<
B

ESB L E

Figure21. ESBL E. coli weekerweek mean concentrations from community fapaultry manureand conventional farm
broiler litter for all candidate media. Error bars represent standard error of the MdladBEc nordetects were included in
mean calculations as concentrations of 0 CFU/g. Note that for the community farm samples, LE, MC, ianediislGXve mean

E-Ec concentrations of 0 CFU/g.
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Table37. Broiler litter mean #£c concentrations minus poultry manure meaBdconcentrations, in CFU/g, for each candidate
medium.

Broiler Litter minus PoultryManure Mean EEc

Medium Concentration (CFU/qg)
BC 2.56E+03
CE -1.78E+03
HE -3.31E+04
LE 1.22E+03
MC 3.88E+04
MCX 1.42E+04

Table38. Unpaired itest of collective mean ESBL E. @aficentrations in community farm poultry manure asnventional farm
broiler litter (n=3 samples of community farm poultry manure and n=3 samples of conventional farm broiler litter)

Sample Type Statistic of t Statistic, degrees of t-test p-value (p<0.05
Comparison freedom is significant)
Community farm Log 1@ransformed 1.931, 10 0.0823

concentration of

poultry manure vs. _
detected ESBE. coli

conventional farm
broiler litter

Another point of comparison was the difference in the proportions of ESBL resistance Bmong
coliin each sample type forgiven pair of media. To analyze these dataANOVA wit{ A R m{jltiQlé&
comparisons postests was performean the log 1@&ransformed proportionsThe ANOVA results
suggest that significant differences did exist in candidate/baseline mediaegrmined proportions of
ESBL resistance amoBgcolin community farm poultry manure vs. conventional farm broiler litter.
| 26 SOSNE { ARI 1 Qa Y debtdishawith&t ncgopailloNdediaogira gatdxignificantly
different log 16transformed poportions atp<0.05 although MCX/MX log #ansformed proportions

were significantly different at p<0.1@able 3).
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Table39. Results of ANOVA and multiple comparison-pests for evaluating differences in E. coli ESBL resistance prevalence
between community farrpoultry manureand conventional broiler chicken pen littBlote that, for the purposes of log
transformation, alESBIE. coliconcentrations of 0 CFU/100 mL were assigned alhesslower-detectiorlimit value of 0.1 for

this analysisSignificant pvalues are highlighted in gald

Sample Types Statistic for ANOVA: % P-value (p<0.05 isignificant)
Comparison Variation
Community farmpoultry Log 10 31.9%% 0.0301
manurevs conventional broiler Transformed
pen chicken litter proportion of
all E. colihat
are
presumptively

ESBL resistan
Medium Poultry Manure minus Broiler  P-value (p<0.05 is significant)
Litter E. colithat are ESBL
Resistant log 10%)

BC/B -14.83 0.9115
MC/M -28.30 0.6872
MCX/MX -71.41 0.0731

Summaryof ESBE. coliConcentrations and Presumptive ESBL Resistance Proportions by Candidate

Medium and Sample Type

Figure 2 shows a summary of meanHEe concentrations for each candidate medium and each
sample typeDetected mean #£c concentrations varied considerably between culture media, with
differences between media varying by sample type. However, for the majority qflsaypes
(upstream surface water and both poultry waste samples), BC medium was the most sensitive in
enumerating EEc from the sample matrix. HE medium was the most sensitive at enumeraiadr&m
downstream surface waters and from raw sewage. By madkr of mean EEc concentrations across all
sample types, BC medium was the most sensitive and HE medium the saoshdensitiveWhich
medium was least sensitive in enumeratinge&€from a given sample type wasre variable By
summed rank orderLEmedium was the least sensitive in detecting and enumeratiig Eromall

sample matrice¢Table40).
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Mean ESBE. coliConcentrations by Candidate Medium and
Sample Type

® Morgan Creek Upstream
m Morgan Creek Downstrean
m Poultry Manure
Broiler Litter
H Raw Sewage
Raw Sewage
Broiler Litter
Poultry Manure
“ Morgan Creek Downstream
M

organ Creek Upstream

1.00E+07
1.00E+06
1.00E+05
1.00E+04
1.00E+03
1.00E+02
1.00E+01
1.00E+00
1.00E-01

& & Y\@ »‘0 RS

Candidate Medium

ESBIE. coliConcentration (CFU/100 mL or CFU/Q)

Figure22. Weekoverweek mean ESHIL. coliconcentrationgin CFU/100 mL for water samples and CFU/g for poultry waste
samplesfor each medium and sample type. A sdéogi graph is used for scaleo accommodate this se#iag plot,, all mean
ESBE. coliconcentrations of 0 CFU/100 mL or 0 CFU/g were assiglesdtaan-lower-detectionrlimit value of 0.1.

Table40. Rank order of mean ESBLcoliconcentrations given by candidate media for a given sample type and overall. '1'
indicates the corresponding candidate culture medium gavditdjieest ESBE. coliconcentrationfor that given sample type

(or, in the rightmost columnpverall). Sums tabulated the rank order of mean concentrations for a given medium within a given
sample type; this sum is then ranked to give the overall medinkaeder.

Morgan Creek Morgan Creek Poultry  Broiler Raw Sum Rank (Most

Upstream Downstream Manure Litter  Sewage to Least
Sensitive)
BC 1 2 1 1 5 10 1 BC
CE 6 3 3 6 4 22 5 CE
HE 4 1 2 4 1 12 2 HE
LE 5 6 4 5 6 26 6 LE
MC 2 5 4 2 2 15 3 MC
MCX 3 4 4 3 3 17 4 MCX

Confirmatory analyses by candidate medium

Per Objective 2, a main research goal concerned the comparisorferedif candidate media
for diagnostic performance in presumptively identifyiBgcoliand presumptively characterizing ESBL

resistince for isolates from all sample types. As such, confirmatory spec{MidbhDITOF MSand AST
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(VITEKYata were used to calculate diagnostic statistics forpghesumptivespeciation ofE. coli
(namely, sensitivity, specificity, PPV, NPV, and overall diagnhostic efficiency) anddiastinaptive
characterizatiorof ESBL resistance. Diagnostic statistics for presumptive ESBL resistance
characterization included cefpodoxirhelactam resistance RPand ESBIproduction PPV. To compare
these statistics, ANOVA anadgsvith multiple comparisons posestswere performed.(Speciation and

ESBL resistance characterization data for each submitted isolate can be fdtaiuleh7.)

Candidate media performed with significant differences (at p<0.05) in accurately presumptively
identifyingE. col(Figure23, TablesA1 and 4£; significant differences between candidate media
diagnostic statistics are noted irable42). CE, HE, and MCX media had the highest sensitivity at 1.000,
with BC and LE media sensitivities also relatively high at 0.9565 and 0.8000, respectively. MC medium
had the lowest sensitivity at 0.2500. Comparing specificities, BC and MCX candidate media were highest
at 1.000 and 0.9000, respectively, with the remaining media specificities appreciably lower, between
0.5641 (CE medium) and 0.7097 (HE medium).-mi&tia variability for PPV was much higher. BC and
MCX media had relatively high PPV values at 1.000 and 0.8667, respectively, while HE medium had a
much lower PPV (0.4375) and the other candidate media PPVs lower still (CE = 0.05556; LE = 0.1818; MC
=0.1667. NPV values were less variable between media. All candidate media except MC had NPVs
between 0.9545 (BC) and 1 (CE, HE, MCX); MC medium had a NPV of 0.7692. Comparing overall
diagnostic efficiencies, BC medium was highest at 1.000 and MCX medium hest big0.9394. The
remaining candidate media diagnostic efficiency values were lower, with HE at 0.7632 and LE at 0.5957,

MC at 0.5789, and CE at 0.5750.
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Figure23. Diagnostic accuracy of presumptiecolidentification for each candidate medium. Error bars represent standard
error of the mean. The number of isolates by candidate medium is displayed alongside the medium name in the legend.



Table41. Fisher's exact test significance plus presumgiiveolidentificationdiagnostic statisticéor each candidate medium
2y Aaz2tldSa FNRY it alvyLXS (GelilSaod {GFriArAadadrtte aAIYATAOlL yi

Presumptie E. colildentification

Me- Fi sher ' ¢ Sensitivity Specificity PPV [95% NPV [95% ODH95%
dium  testpvalue  [950 CI] [95% ClI] Cl] Cl] Cl]
(p<0.05
significant)

BC <0.0001 0.9565 1.000 1.000 0.9545 0.9773
[0.7901, [0.8454, [0.8513, [0.7820,  [0.9332,
0.9978] 1.000] 1.000] 0.9977] 1.000]

CE 0.4500 1.000 0.5641 0.05556  1.000 0.5750
[0.05129, [0.4098, [0.00285, [0.8513, [0.4218,
1.000] 0.7070] 0.2576] 1.000] 0.7282]

HE 0.0009 1.000 0.7097 0.4375 1.000 0.7632
[0.6457, [0.5341, [0.2310, [0.8513,  [0.6280,
1.000] 0.8390] 0.6682] 1.000] 0.8983]

LE 0.1710 0.8000 0.5714 0.1818 0.9600 0.5957
[0.3755, [0.4221, [0.07307, [0.8046,  [0.4554,
0.9897] 0.7088] 0.3852]  0.9979] 0.7360]

MC >0.9999 0.2500 0.6667 0.1667 0.7692 0.5789
[0.01282, [0.4171, [0.008549, [0.4974,  [0.3569,
0.6994] 0.8482] 0.5635]  0.9182] 0.8010]

MCX  <0.0001 1.000 0.9000 0.8667 1.000 0.9394
[0.7719, [0.6990, [0.6212, [0.8241,  [0.8580,
1.000] 0.9822] 0.9763] 1.000] 1.000]
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Table42. Rvalues of differences in candidate media!scolidentification diagnostic statistics from analyses on all sample
types.Statistically significant (p<0.05}values are highlighted in gold.

PresumptiveE. colildentification

Medium 1 Medium 2  Sensitivity Specificity PPV P "E'ER ODEP-
P-value P-value value value value

(p<0.05 is

significant)
BC CE >0.9999 <0.0001 <0.0001 >0.9999 <0.0001
BC HE >0.9999 0.0023 <0.0001 >0.9999 0.0744
BC LE 0.3739 <0.0001 <0.0001 >0.9999 <0.0001
BC MC <0.0001 0.0067 <0.0001 0.5410 0.0004
BC MCX >0.9999 0.9700 0.7708 >0.9999 >0.9999
CE HE >0.9999 0.6216 <0.0001 >0.9999 0.2172
CE LE 0.1017 >0.9999 0.7535 >0.9999 >0.9999
CE MC <0.0001 0.9936 0.9861 0.2208 >0.9999
CE MCX >0.9999 0.0006 <0.0001 >0.9999 0.0001
HE LE 0.1131 0.6436 0.0104 >0.9999 0.3294
HE MC <0.0001 >0.9999 0.0763 0.2317 0.5894
HE MCX >0.9999 0.2679 <0.0001 >0.9999 0.3859
LE MC <0.0001 0.9962 >0.9999 0.4759 >0.9999
LE MCX 0.1503 0.0004 <0.0001 >0.9999 0.0002
MC MCX <0.0001 0.2500 <0.0001 0.2653 0.0044

Candidate media also performed with significant differences in identifyingehaolicoliforms
generally with lower accuracy than for presumptizecolidentification (Figure 2, Tables43 and 44;
significant differencebetween candidate media diagnostic statistics are found@idhle 41). For all
diagnostic statistics, most media performed with low to moderate accuracy (@85> 0 ® t SNJ CA & KS NI
test results, only BC medium gave presumptive coliform/noliform identfication that was
significantly associated with actual identitiekisolates BC and MCX media had the highest presumptive
coliform identification sensitivities at 100% and 66.67%, respectively. BC medium was significantly more
sensitive than all other eMCX media, and MCX medium was significantly more sensitive than HE and

LE mediaSpecificities were lower and less variafllae specificity of BC mediwvas significantly
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higher than that of either LE or MC media; no other significant differences ecti®PVs were also
typically low (most <50%), with B&dium (68.75%3ignificantly higher than all except MC medium
(38.45%)NPVs were generally higher (most >50B6) mediuni100.0%had a significantly higher NPV
than all except MCX med{86.67%)MCmedium had a significantly lower NP38.33%at p<0.05 than

all other media except L{3.64%,)with which NPV differences were borderline significant (p=0.0613).
Comparing overall diagnostic efficiencies,(BL27%was significantly more accurate at85 than all
media except MCX mediu(81.52%;) howeverthe ODEof BC mediunwas significantly higher than

that of MCX mediunat p<0.10 (p=0.0594). No other significant differences occurred.

N on-E.coliColiform Speciation Statistics across AIll Sample Types by Medium

Py Py
1.00 "|® hd

B ocicomroercsns
i-.-
i} A wiciomecsol mesa)
v Cohrom atic ESBL (n=47

Figure24. Diagnostic accuracy of presumptiwen-E. colicoliformidentification for each candidate medium. Error bars
represent standard error of the mean. The number of isolates by candidate medium is displayed alongside the medium name in

the legend.
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Table43. Fisher's exact test significance plus presumptimeE. colicoliformidentification diagnostic statistics for each
OFyRARIFIGS YSRAdzY 2y AaztlaSa

gold.

Me-
dium

BC

CE

HE

LE

MC

MCX

TNRBY

It t

4 | YekofeSultstare highghed fnd | G A & G A

Presumptive norE. coliColiformIdentification

Fi sher’
test p-value Sensitivity
(p<0.05 [95% CI]
significant)
1.000
<0.0001 [0.7575,
1.000]
0.5455
>0.9999 [0.2801,
0.7873]
0.2857
0.3944  [0.05077,
0.5411]
0.3845
0.3279 [0.1771,
0.6448]
0.5556
0.3498 [0.2667,
0.8112]
0.6667
0.6648 [0.3000,
0.9408]

Specificity

[95% Cl]

0.6875
[0.5143,
0.8205]
0.4483
[0.2841,
0.6245]
0.4583
[0.2789,
0.6493]
0.4116
[0.2637,
0.5778]
0.2000
[0.03654,
0.5093]
0.4815
[0.3074,
0.6601]
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PPV [95%

cl]

0.5455
[0.3466,
0.7308]
0.2727

[0.1315,
0.4815]
0.1333

[0.023609,
0.3788]
0.2000

[0.08861,

0.3913]
0.3845
[0.1771,
0.6448]
0.2222
[0.09001,
0.4521]

NPV [95%

Cl]

1.000
[0.8513,
1.000]
0.7222
[0.4913,
0.8750]
0.6875
[0.4440,
0.8584]
0.6364
[0.4295,
0.8027]
0.3333
[0.05923,
0.7000]
0.8667
[0.6212,
0.9763]

ODE[95%
cl]

0.7727
[0.6489,
0.8966]
0.4750
[0.3202,
0.6230]
0.4194
[0.2456,
0.5931]
0.4043
[0.2640,
0.5446]
0.3684
[0.1515,
0.5853]
0.5152
[0.3446,
0.6857]



Table44. Rvalues of differences in candidate media+-E. colicoliformidentification diagnostic statistics from analyses on all
sample typesStatistically significant (p<0.05Malues are highlighted in gold.

Presumptivenon-E. coliColiform Identification

Medium 1 Medium 2  Sensitivity Specificity PPV P "E'ER ODEP-
P-value P-value value value value

(p<0.05 is

significant)
BC CE <0.0001 0.0694 0.0207 0.0162 0.0070
BC HE <0.0001 0.1626 <0.0001 0.0095 0.0016
BC LE <0.0001 0.0109 0.0004 0.0001 <0.0001
BC MC 0.0005 <0.0001 0.8849 <0.0001 0.0024
BC MCX 0.0031 0.2720 0.0048 0.8918 0.0594
CE HE 0.0786 >0.9999 0.8819 >0.9999  >0.9999
CE LE 0.5789 >0.9999 0.9993 0.9957 0.9995
CE MC >0.9999 0.2862 0.9954 0.0051 0.9973
CE MCX 0.9513 >0.9999 >0.9999 0.8348 >0.9999
HE LE 0.9914 >0.9999 0.9999 >0.0999  >0.9999
HE MC 0.2303 0.2938 0.3295 0.0260 >0.9999
HE MCX 0.0014 >0.9999 0.9988 0.6407 0.9972
LE MC 0.8139 0.4998 0.7155 0.0613 >0.9999
LE MCX 0.0213 0.9998 >0.9999 0.1267 0.9706
MC MCX 0.9971 0.1682 0.9060 <0.0001 0.9580

In contrast with presumptivepeciationcomparisons, candidate media mostly performed
statistically comparably (at p<0.05) in accurately presumptively characterizing bacteria as ESBL resistant
(Figure25, TablesA5 and 4; significant differences between candidate media diagnostic statistics are
noted inTable46). Comparing candidate media fproportions of presumptively resistant isolates
which were confirmed as resistant to cefpodoxime (an ESBL antimicrobial), allatendiedia
characterized isolates as resistant with >70% accuracy. BC medium had the highest ESBL resistance PPV
at 0.9545, with LE medium secchajhest at 0.9362. MCX, CE, HE, and MC media airhddrPPVs at
0.8485, 0.8000, 0.7742, and 0.7368, resmety. No significant differences existed at p<0.05 between

candidate media ESBL resistance PPVs. Candidate media performed with lower and more variable
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accuracy in characterizing isolates as resistant which actually exprieS&deta-lactamase resistare

genes. BC medium had the highest ESBL production PPV at 0.5000, with MCX medium at 0.3636 and MC
medium at 0.3158. HE and LE medium gave comparable ESBL production PPVs at 0.2581 and 0.2340,
respectively, and CE had the lowest PPV at 0.1000. Only B@CGXdhedia had ESBL production PPVs

that were significantly higher than that of another candidate mediumTahle45).

PPV of Isolate B eta-L actam R esistance and E SB L Production by Candidate M edium

©
El t.o0 : i [ ] TBX w/cefotaxim e (n=44)
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Figure25. Positive predictive values pfesumptiveESBL resistance characterization, as defined by confirmed cefpofloxime
lactamresistance and confirmed extendsgectrurd -lactamase production, by candidate medium. Error bars represent
standard error of the mean. The number of isolates for each catedidedium is displayed alongside the medium name in the
legend.
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Table45. Presumptive ESBL characterization diagnostic statistitts 95% confidence interval limifsy each candidate
mediumon isolates from all sameltypes.

ESBL Resistance Characterization

Medium ESBL Resistance PPV [95% CI] ESBIProduction PPV [95%
BC 0.9545 [0.8930, 1.000] 0.5000 [02223, 0.6477]
CE 0.8000 [0.6760, 0.9240] 0.1000 [0.007029, 0.1930
HE 0.7742 [0.6270, 0.9214] 0.2581[0.1042, 0.4121]
LE 0.9362 [0.8663, 1.000] 0.2340[0.1130, 0.3551]
MC 0.7368 [0.5388, 0.9348] 0.3158 [0.1068, 0.5248]

MCX 0.8485 [0.7262, 0.9708] 0.3636 [0.1995, 0.5278]

Table46. P-values of differences in candidateS R AEISE) desistance characterization diagnostic statistics from analyses on alll
sample types. Statistically significant (p<0.08Jpues are highlighted in gold.

Presumptive ESBL Resistance Characterization
A-Lactam Resistance

Medium 1 Medium 2 PPV ESBL Production PPV
BC CE 0.6586 <0.0001
BC HE 0.4268 0.0727
BC LE >0.9999 0.0169
BC MC 0.4714 0.7348
BC MCX 0.9826 0.8721
CE HE >0.9999 0.6793
CE LE 0.8070 0.8240
CE MC >0.9999 0.5114
CE MCX >0.9999 0.0582
HE LE 0.5817 >0.9999
HE MC >0.9999 >0.9999
HE MCX 0.9997 0.9877
LE MC 0.6022 0.9998
LE MCX 0.9970 0.9005
MC MCX 0.9969 >0.9999
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CHAPTER DISCUSSION

Overview

This project representthe firstknownevaluation ofooth commercial and genera@chromogenic
ESBL culture medfar the detection and quantification of ESBLcoliplus the quantification of
presumptive ESBL resistance am&ngoli in multiple One Healthrelevant sample matrices across
agricultural and environmental settingBrevious studies have compared mpiki culturebased media
for direct ESBL detection for use with a single sample type, typically in the clinicafs¥Qbthese
studies, several compared commercial media (includifiROMagaESBL and comparable praetary
media) and ESBL antibieBapplemented generic MacConkey media for their sensitivity and PPV in
detecting ESBEnterobacteriaceaérom clinical isolates. These studi@®vide conflicting results about
the PPVs of commercial vs. MacConrkaged nedia: Huang et al. reporting MacConkey isolated ESBL
Enterobacteriaceae from clinical specimens with a greater PPV than commercial media, and Paniagua et
al. reported the opposit&°%. Overall, studies commonly reported ESBL detection PPVs below 50%
across all detection media us#din this study, the majority of generic candidate medigBX with
cefotaxime and MacConkey with cefotaxime an@Dkc¢performed with superior accuracy in detecting
ESBL Enterobacteriaceae compared to commercial candidate media. These results werentdmsiste
analyses across several diverse sample typls.results of this studgnrichthese previously
established results by providing an expanded comparigarommercial vs. generic medi@rformance
in presumptive ESBL Enterobacteriaceae identificatimhresistance characterization across a larger
and more distinct set of Okelevant sample matrices. Additionally, this project allows a richer

comparison of not justhe relative performancef these median ESBL Enterobacteriaceae detection
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but also gantification of ESBL Enterobacteriaceae concentrations and of the proportion of ESBL
resistarce among all Enterobacteriaceae. These are quantitative outcomes for environmental AMR
surveillance of the WH®ricycle ProjectAs such, this study sheds light thhe applicationand
performanceof culture-based media for rapid ESBL Enterobacteriaceae detection in a more
comprehensive way than multiple other studies.

These resultalso informthe Tricycle Project in regard tecenty finalized changes to thelc
indicator system methodologyvhich wasdecided orpart-way through the projectimeline. Initial
AGISAR Tricycle Project studies recognizeduperior performance of generi€SBL culture media in
detecting EEcacross OH settingd hose studies also reportélde greater specificity in ESBL detection of
media supplemented with 4 ug/mL cefotaxirimpublished work)AGISAR has recommended adoption
of MacConkeywgarsupplementedwith cefotaxime(MC medium¥or use in the Tricycle Pjectas a
standardizedharmonizedmethodfor direct EEc detection(These recommendations also identify TBX
with 4 ug/mL cefotaxime as a secondary optidrhg selection of MacConkey a@gexrthe firstchoice
mediumowes to theavailability,appropriateness and familiarity of MacConkey agar for clinical and
veterinary microbiologynalystsHere, the result®f this studyshowed that MC medium performed
with variablesensitivityfrom one sample type to another relative to other media, and that MC medium
was average or worse at presumptively identifying and characterizing ESBL isolates from raw sewage
and surface water samples. In shavtC medium performed worse than multiple other media for
environmental AMR surveillance analyseleweverconfirmatory andyses were not possible for ESBL
isolates which had beesolatedfrom poultry farm waste matrices. As such, the results here do not
necessarily contradict the recommendation of MC medium as a superior culture medium for clinical and
veterinary AMR survé#nce, lut rather suggest that MC medium works less well in environmenEd E
surveillance than multiple other chromogenic ESBL culture medraely TBX agar supplemented with

cefotaxime and MacConkey agar supplemented with both cefotaxime #BidiX
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¢tKAd RAGSNBESYOS Ay OFYyRARIF(GS YSRAI Q& NBftlFGADS
being analyzed points to the sectspecific requirements for microbiological culture media more
generally. A diagnostic medium intended for human or veterinarycaimuse may require detection of a
wider range of target organisms, necessitattngiedium that is less selective and/or more differential,
differentiating target organisms by their uniqgue enzymatic activity or by relevant phenotypic
characteristics (e.glactose fermentation, motility, hemolysis, etc.).

In contrast, an environmental or food safety microbiological culture medium more often
requires detecting one or a few target organisms from a microbially diverse sample matrix wittohard
replicate growth conditions. Additionally, unlike clinical detestimedia, these media may also be used
for the quantification of target organisms. As a result, environmental and food safety media may require
YI EAYdzY LINBRdAzOGAQGAGE (G2 WNBO2@SND | & YdzOK 2F (KS
more tighty selecting against the growth of any ntarget organisms. These selective agents may
include inorganic salts, dyes, surfactants, and antibitfics

In this project, the formulations of the candidate media likely had considerable impact on their
differences in performanceéf the candidate media evaluated here for environmental AMR surveillance,
all rely on ESBL antibiotics to exclude ficlactamresistant orgarsims.TBX and MacConkey
incorporated 1 mg/L cefotaxime and HiCrome ESBL incorporated 10 mg/L ESBL argiBiotigt each
ceftazidime and cefotaxime and 2 mg/L each ceftriaxone and aztreonam. Neither CHROMagar ESBL nor
Chromatic ESBL specified the idaastor concentrations of their proprietary ESBL antibiotic
adzLIL) SYSyGaT a adOKs + FdzZ t  Oia pfaskmytvaéiBSPL résidtané@l Y RA R
characterization based on their formulations is not possible. However, it is worth notigftylihat
HiCrome ESBL was not significantly more accurate at presumptively characterizing ESBL isolates despite

its much higher concentrations of ESBL antibiotics.
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The TBX and MacConkey media also explicitly incorpofatd g/L bile salts to inhibit &m-
positive organisms. The MacConkey media used also contained 1 mg/L crystal violet, which-has anti
Grampositive bacteria activity. (The other media may have included other selective agents but did not
explicitly specify as sucH) The incorporation of bile salts into TBX and MacConkey media have
increased their ease of use and potentially even their diagnostic accuracy in presumptive organism
identification compared to the commercial media used; even though the vast majority of falsely
presumptively identified isolates were Gramegative organisms, the greater selectivity of media with
these selective agents may have made for easily readablesplath fewer background organisms or
confluent colonies, enabling more accurate presumptive identification in a generalAdditionally,

TBX and MacConkeyittv cefotaxime and >Glucmay havealso had a appreciableadvantage in both
initial EEc detection/quantification angdresumptiveE. colidentification based on their chromogen

mix. These media allowdsl colicolony morphologies that more strongly contrasted from the
morphologies of nofE. colicoliforms or norarget organismsLastly, notahat crystal violet has slight
anti-E. coliactivity*??, which may partially explain the reduced sensitivity of MacConkey media in initial

E. coldetection and quantification compared to certain other candidate media.

By Objective

Objective 1the results from the statistical tests comparing the performance of these candidate
media in detecting and quantifyinglec and other ESBL target organisms suggest few statistically
significant differences. Apart froffiour statistically significant diffences in analyzing raw sewag&g
all candidate media were found to be statistically comparable for quantificatiorEaf i& all sample
types. (HiCrome ESBL (HE) and MacConkey with cefotaxime (MCotediatected significantly
higher concentrationshan either of MacConkey with cefotaxime and®uc (MCXyr Chromatic ESBL
(LE) medi) Likewise, for each sample matrix in whickE&nonrdetection was common, all media

detected EEc with statistically comparable frequency. Moreover, both for a givedidate medium
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and for all candidate media collectivehgsultsfrom one surface water sample to another or from one
poultry waste sample to another, did not significantly affect the frequencyteé BetectionThese data
generallysupport the validatiorof all candidate media for detecticand enumeratiorof EEc in these
environmentalsampletypesgiven their comparable performance to CE and MC agdrsh areESBL
selective culture media previously validated for use in environmental sample’lyjfies
While these media generally performed comparably in detecting and quantifyifgy Eis
worth noting thatthe relative differences in-Ec concentrations between candidate media were
somewhat consistent across sample types. For example, CE and LE media were generally the least
sensitive in detecting-Ec regardless of the sample matrix analyzed. With thal, #ae sensitivity of BC
mediumis an exception heréNhile BC medium gave the highest or sechighest EEc concentrations
in both surface water and both agricultural waste analyses, it gave the sdomedt EEC
concentrations in raw sewage analys@sis discrepancy may owe to observer error linked to the high
O2yOSYyUuN) GA2ya AY NI g aSgl3S 2F G RerdmorasspP)Iy | 1S¢ 9
which produce false positive results on commercial chromogeeidia® (i.e., CE, HE, and LE media).
Giventhat the specificity oBC mediunin raw sewagé. colidentification was significantly higher than
that of any other medium (cf. Table 6), it follows that@ermined EEc concentrations would be
lower relative to other candidate media for raw sewage (in which false cognate Enteeobaete
would artificially inflate E=Ec counts) but higher for other sample types (where such false cognate
bacteria existed in lower concentrations relative to raw sewagéd.
This discrepancy above points to statistically significant differences in the diagnostic accuracy of
these media in identifying. colfrom the analyzed sample types (Objective 2). Only three meBig,
HE,and MCX medigd I S CAaAKSNDa SEF OG G S adétermidedipiesuingtivéd y RA O G
col/non-E. colidentification was associated withe actual identity of thesolats. These tests indicate

that only these media are somewhat accurate overall in presumptively identiiegli Of these, only
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colicoliforms Klebsella spp., Enterobacter spp., Serratia spp., Citrobacteb3pp a)Y 9 { / €

However, additional statistical analyses allowed more direct comparisons and gave a more
detailedpicture of presumptive identificatioaccuracyacrossculture media. Most candidatenedia
performed with statistically comparable, moderate-high (i.e., >75%) sensitivity in identifyingc&
across sample typeMost media performed with comparable sensitivity to other selective chromogenic
ESBE. colicoliform culture medi&®. E. colidentification NPVs were similatjgh and statistically
comparable for all candidate medigimilarto previously reported negative predictive values for
comparable medi#. MC medium served as axceptionto these generalizations, displaying
significantly lower sensitivity and NPV in presumpfveolidentificationcompared to the other
candidate media.

Candidatemedia specificities and PPVariedbetweenthe different culturemedia. BC medium
identified E. colwith significantlygreaterspecificity than all media except MCX. MCX medium was
significantly more specific than CE and LE media. Concerning PPVs, BC and MCX medi& detdicted
with significantly higher PPVs than all other media. Of these, HE medium had a significantl{?Righer
than CE and LE medium at p<0.05, and a nearly significantly higher PPV than MC medium (p=0.0763).
For most media, specificity and PPV values were appreciably lower than those found in the literature for
comparable media used to identiBy. colfrom cinical isolates. Low specificities are likely attributable to
observer error compounded by the similar morphologies of different Enterobacterisn@hether
background organisn@n these median the environmental samples analyzgéor example, ref. cdi
and redhaloedAeromonas hydrophileolonies look substantially similar on CE medium immediately
postincubation.) Genetic or phenotypic variability in environmental sgafE. colcompared to
isogenic clinical straigse.g., variability if -glucaonidase enzyme levels affecting environmergthin

E. colpigmentation and thus ease of detection and differentiatipoould also partially explain lower
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specificities. In contrashecausepredictive values are influenced by the prevalenc&otolin the

sample type analyzed, low PPVs may berssequencef a lower prevalence d&. colin environmental

samples as compared to clinical samples. However, as Gazin et al. note, lower and variable-PPVs (39

74%) were seen ithese media fodetection ofE. colfrom clinical isolate®, suggesting that low
predictive value also may be somewtltdtaracteristic othese candidate medjandependently of the
sampleanalyzed.

Comparinghe overall diagnostic efficienayf each mediunas a summary of its accuracy in
identifyingE. coli BC and MCX media were comparably accurate. These two media were significantly
more accurate thamther mediaexcept HE mediumTfHediagnostic efficiencpf BC mediumvas higher
thanthat of HE mediunat p<0.10 but not p<0.05.) These results suggestBtatand MCX media are the
most accurate of the candidate media studied in identifyingolifrom surface waters, municipal
wastewater, and wastes fromepresentativetypes of poultry farms. This superior accuréijkely
attributableto the formulation2 ¥ G KSaS YSRAIFQa RAFFSNBYIGAI GAy3
distinctiveness oE. colvs. nonE. colicoliform and norcoliform colony morphologie®dditionally, BC
and MCX media (as well as MC medium), in contrast to the commercial candidate ared@mulated
with bile salts to inhibit the growth of Grajpositive organismavhich may reduce the accuracy of
presumptive target organism identification and/or characterizaiioimese Grarmpositive species
display morphologies insufficiently diffamtiable from target organism morphologieiss previously
mentioned, observer error frequently occurred when using CE, HE, LE, and MC mediakasaibn
colonies could commonly resemite coli.

Briefly, @ncerning confirmatory data on presumptive nén colicoliforms, BGnedium was
again generally significantly more accurate than all media except MRizh was typically secondost

accurate. Generally, candidate megierformedworseacross all parameters (except PRY)

presumptively identifying noft. colicoliforms than at identifyinde. coliThese results conflict
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somewhatwith Gazin et al. The authors also reported a comparable ESBL Enterobactesalssdiee
medium presumptively identifying KESC coliforms with worse specificity than for idenEfyaudi
however, KESC coliforms were identified with greater sensitivibne reason for a medium identifig
KESC coliforms less accurately tBarcolmay be that coliform colony morphologies more closely
resemble background colony morphologies tharcolmorphologies do for most of these media.

Smaller differences existed ihe ability of candidatenediato presumptively characterize
isolates as ESBésistant. All candidate media performed statistically comparably and with moderate
to-high PPVs (795%) in characterizing isolates which were confirmed as resistant to cefpodoxime, a
representative ESBantimicrobial. For all candidate media, less than 50% of presumptively ESBL
resistant isolates were confirmed to produce extendgmbctruny -lactamase enzymes. BC medium
detected ESBproducing isolates with greater accuracy than CE, HE, and LE m&Xamdium
detected ESBproducing isolates more accurately than CE medium. No other significant differences
occurred

Explanationgor thesefindingsare not immediately appargnWhile accuracy in detecting ESBL
production was much lower than expectedigi the high accuracy in detecting confirmedactam
resistance, slective culturebased media detecting confirmed ESBbducing isolates with <50% PPV
was alsaeportedin Grohs et at* As for the discrepancy between media in predicting ESBL producing
isolates, one hypothesisomes from the fact that classf Alactamases (those detected by confirmatory
testing here) are most common among Enterobacteriaé&a€he greater accuracy of BC and MCX
mediain species identification may prevent the erroneous identification as ES&tlicoliformsfor
isolates which are actually ndenterobacteriaceae producing naass A -lactamases or which
possess intrinsic resistance to ESBL antimicrobials.

In summary, most mediaachievedanalyses on environmental samples with a high sensitivity

and hgh NPV in identifying. coliAll media performed with a moderat®-high PPV in presumptively
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characterizing isolates as resistant to ESBL antimicrobials. However, most media performed with <75%
specificity and <50% PPV in identifyiagcoliand norkE.colicoliforms and presumptive coliform
identification sensitivities and NPVs were also generally <50%. Additiaibthedia performed with
<50% PPV in identifying E§Bbaducing isolates. Compared to other candidate media, BC and, to a
lesser extentMCX media presumptively identifidel coliand nonE. colicoliformswith significantly
superior specificity and PPV and characterized &Rlucing isolates with significantly higher PR&h
the other candidate media testedror these reasons, BC and MCX media should be considered the most
accurate media for detecting-lEEc and other ESBL coliforms in environmental samples.

While a decision on which of these media to use withgiaalsurveillance schemas outlined
by theTricycle Projecy SOS&dal NAf & RSLISYRA 2y (K fheira@dsdibity Qa (G SOK
and financial factors should also be considered. All candidate media require supplementation with ESBL
antimicrobials (and, for MCX medium, a polar aproticsoh of XGluc) after autoclaving. As such, use
of these media necessitates an autoclave, a cold chain for antimiced®als and sterile reagent
water (and polar aprotic solvents, for MCX medium) in addition to the provided media and
corresponding powered supplements. Access to these materéald capabilitiesnay not bepossiblein
microbiology labs in the lowesesource settings, limiting the feasibility alt of these media and, by
extension, the Tricycle Project surveillance scheme. With Hids differences in accessibility do exist
02 RAFTTFSNBYUGALFGS GKSaS OF yRARI @bwidépRadlard . / = a/ = |
comparably inexpensive base selective media (TBX and MacConkey, respectively) and require only a
generic, widespread, inpensive cefotaxime salt for their antimicrobial supplements. (The addition of
supplemental XGluc and a polar aprotic solvent somewhat limits the accessibility of MCX medium.) In
contrast, CE, HE, and LE commercial candidate media all depend on proniaigrobial
supplements, which complicates access in labs where materials supply chains are infrequent or

insufficient. (Proprietary suppinents also raise the question ofwhich ESBL antimicrobials are
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detected isolates resistant?) In addition, commial culture media and supplements (approximately
$35$170/L prepared medium) are considerably more expensive than those for the generic media ($11
$24/L prepared mediumy. Thus, taking into account technical performance together with accessibility
and cost factors, BC and, to a lesser extent, MCX media are the most reliablziemnstly, and
accessible candidate media for a Tricycle Projectesli;ince scheme

Evaluations of these candidate ESBlective chromogenic media also yielded informative
details about EEc concentrations and prevalence amongd=akkolwithin multiple environmental sample
types (Objective 3). Candidate media reportethean EEcconcentrationin raw sewage of Te10°
CFU/100 mL, and a proportion of ESBL resistance betweeit ®8%. These-Ec concentrations were
consistent with literature valueslthough the reported prevalence of ESBL resistance is higher than has
been noted in other urban wastewater influef&'% Theinputs of wastewater from a large clinical
hospital complex into this wastewater network magcount fora higher prevalence of ESBL resistance
within the sewage matrix, as has been described elsewhere in the litet&dture

Upstream andlownstream surface water meanBe concentrations were much lower10
CFU/100 mL) than in raw sewaged nondetection of EEc in such aample wagommon.Differences
in EEcconcentrationsand presumptive proportions of ESBL resistance antormplbetween upstream
and downstream surface waters were insignificant. These findings were consistent with the literature on
surface water EEcoccurrence and concentratiotfS. However, while the proportions of ESBL resistance
among upstreant. col{0.400.67%)matched literature values, proportions of ESBL resistance in
downstreamE. coliwere appreciablyhough not significantlyigher. Reasons for thdifferenceare
uncertain,although wastewater effluent loading offec has been linked tincreased prevalence offc
without increased EEcconcentrationsn downstream receiving waters compared to the same receiving

water upstream of the wastewater discharge pdffit
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Community farmpoultry manureE-Ecpresence and concentratiomanged considerably
depending on andidate medium, from 4.0° CFU/g fresh manurdialf of allcandidate media quantified
mean EEc concentrations of 0 CFUFurthermore two media pairs reported 0.00% presumptive ESBL
resistance among detectedEc;although the third pair of media deteet 30% presumptively resistant
colonies, this estimate would also have been 0.00% if not skewed by a single anomalously high sample
E-Ec concentration on BC medium. Thus, wheEcEoncentrations and proportions were higher than
null, this was driven bgontrastinglyhigh singlesample values. In a similar study detectinB&Erom a
variety of poultry farm environments in the Netherlands, Blaak et al. found geometric mEan E
concentrations of 1DCFU/g freerange laying hen feces, within the lower range of medfcE
concentrations detected herdilso,78% of samples tested positive foEE, appreciably higher than in
this project. Blaak et al. also noted that presumptivEdconcentrations weress than 0.01% of the
total E. coliconcentration in this sample matPf Thuswhile the proportions of presumptive ESBL
resistance among freeange layer fecek. coldetected here were quite variable, they were also
somewhat consistentwith previously published values.

In broiler pen litter, mean{Ec concentrations varied by media betweeri-10° CFU/g, and
presumptive EEc concentrations were detected at betweel 2% the concentrations of tot&. coli.
These concenations and proportions of presumptive ESBL resistance are both considerably higher than
those noted for broiler pen dust in Blaak et al. {@FU/g and 0.78%, respectively). However, in that
study, 100% of samples testeeEE positive, considerably highiian in this study

As in Blaak at el., the findings here suggest thECEoncentrations were insignificantly
different at p<0.05¢ though there were significant differences at p<@ldetween the two farm waste
sample types, with¥c more prevalenfthough insignificantlgo) among alE. colin broiler litter vs.

free-rangepoultry manuré®.
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Additional Methods Considerations

Overall, the majority of sample types (with the exception of raw sewage) were defined by
infrequent detection of EEc and generally low proportions o€ as a share of tot&l coliln contrast,
total E. coliconcentrations were considerably highand growth of norFESBL Enterobacteriaceae
background organisms was commadgiven that these findings were typically consistent across
candidate media, these results not only describe the infrequent presence of ESBL resistanc&among
coliin these matrices but suggest the need to maxintiaéh the sensitivityand selectivity bthe
methodsg not just the candidate culture mediaused to detect them. One possibieodificationis to
include apre-enrichment step to improve ESBL Enterobacteriaceae detection sensitivity. By incubating
aliquots of the collected samples in a nutrignedium containing ceftazidime and cefotaxime before
detecting target bacteria using CHROMagar ESBL, Schauss et al. were able to improve the senkitivity
productivityof ESBL Enterobacteriaceae detection in agricultural and environmental Wastéss
improvement in productivitys especially important given the high prevalenceefsbt f SR WALl 6t S
notOdzf G dzNF 6t SQ o0F OGSNAI GKAOKZI RdzS oxygendrantbiothh Sie 27F
associated stressemperature, nutrient availability, coulturing), grow in the environment but not in
laboratory condition&'? On the other hand, its important to note that this would add an additional-18
24K2dzNB G2 (GKS ¢NRAOeOfS tNR2SOGQa LINPLRASR adzNIISAC
be rapid and 2 y& S SThishihproved sensitivity of detection assdetwith a preenrichment step
would have to beonsideredagainst the additional e costs in the AMR surveillance context.
Additionally, Schauss et al. noted that grerichment also amplified the detection of néarget
organismé!:, potentially to the detriment of presumptive target ESBLamigm identification.
Another possible modificatigrmeant to exclude notarget organismsis to increase the
incubating temperaturgart-way through the incubation period. Here, a uniform incubation

temperature of 36C was used to allosufficientgrowth of thetarget non-E. colicoliforms, which do
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not grow as well at highenteric environmenti SYLISNJ i dzNBa |a (K2asS WFSOFt O
closely associated with fecal contaminatid® Ina A YA £ | NJ aiddzRASa YSIyild (2 Ay7¥Fz
methods developmet) Schmitt et al. plated their samples and incubated at@7or 6 hours before

increasing to 44.&C for another 1218 hours, thus allowing growth of nef. colicoliforms while also

limiting growth of nontarget organismso improve selectivitfunpublished work)Given the high rate

of nontarget organisms falsely presumptively identifiedEacolior other coliforms, higher incubation

temperatures may improve diagnostic accurdcyy O 2 N1J2 NI i A2 /S BF NyKQAdeo iRy & K

considereddepending on resource/personnel availability in cooperating facilities.

Limitations

Several limitations did exist in this study. Due to complications and limits in funding the
confirmatory testing of bacterial isolates, a redugatmberof presumptiveisolates could be analyzed
F2NJ ALISOAL GA2Y YR NBaArAallyOoS (SatdAy3ae ¢KAa oSk S
identifying EEc and other ESBL coliforms from certain sample types, most especially broiler litter
samples but also freeangepoultry manureand downstream surface water. Additionally, delays
associated with the transfers of funds for confirmatory testing necessitated the freezing, revival, and
serial subculturing of isolatesGiven the project timeline and the variability betweeandidate media
in the rate of isolation of representative presumptive isolates, isolates for certain candidate media were
likely stored for longer or revived and-calltured more often than for isolates from other candidate
media.These processes mayveencouraged a loss of resistance traitevenly between isolates
isolated from the different candidate med#4, compromising the reliability and uniformity data
describing how accurately media characterized presumptively resistant isolates.

Furthermore presumptive and confirmatorgharacterization of ESBL resistance relied on
growth on medium containing one ESBL antibiotic (cefotaxime) follme&gubdoximeAST and a

phenotypicclavulanic acid inhibition tesTo be sure, these tests are expedient and crucially
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informative, given their phenotypic characterization of resistance. However, given the existence of now
more than 200 sufglassifications of betiadamases, these tests risk both false positives and false
negatives®? Presumptive ESBL resistance characterization with cefotasirpplemented culture
medium may introduce some ts8aas cefotaxime is consistently susceptible to-MITXlactamases but
less consistently susceptible to other ESBLs derived from THM or-lldddmases. Similarly,
ceftazidime (a comparablé“3jeneration cephalosporin alternative to cefotaxime) is lemssistently
susceptible to hydrolysis from GNKESBLY®1¢ As a resulteliance on a generic cultugased
medium supplemented with a single ESBL antibiotic risks failing to detect a variety of ESBLs carried by
target organismsThe VITEK confirmatory ESBL resistance characteripagithhods are also imperfectly
accurate. For example, the use of cefpodoxime to screehdactam resistance allows high sensitivity
for detecting a wide range of ESBLSs but also a relatively high proportion eptaiives!®. Moreover,
E. colandKlebsiella pneumoniasolates which lek ESBLs but overproduce SHXRGs may produce
falsepositive results in VITEK ESBL screéHit§ Qdavulanic acid inhibition ESBL screeningalaofail
to detect certain classes bflactamags'®'? As a result, confirmatory AST procedures were less than
perfectly accurate in assessing ESBL and ptHactamase resistance.

The inexperience and limited proficiency of the research analysts in distinguishing colony
identities, together with a reliance on imperfectly spedifi©-gluauronide and -D-galactoside
chromogens, also represented a significant limitation. As notegtipusly, observationof subtle
differencesm the commercial chromogenic media is requiredftw,example distinguish between ak.
colicolony confluent with afenterobactelisolate vs ar\cinetobacter baumanndolony. Moreover, in
sample matrices wére noncoliform bacteria are present in high numbers relativéetacoliand coliform
concentrations, thg -D-galactosidase arid-D-gluauronidase activig ¥ 0 KSa S Wo I QA NR dzy RQ
interfere with the rapid detection oE. coland other coliforns based exclusively on colony morphology.

Furthermore, environmental strains &. coland norE. colicoliforms may possess differenceg HD-
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glucuronidasendf -D-galactosdasee I f § SNAY 3 GKS&AS O02f2yASaQ Y2NLK?2f
product guides and seen with QA/QC control strains. These different morphologies complicate the
identification of target organism®ue tothese factors, candidate mediaspecially the comnreial

media, which displayed a more varied rergf target colony morphologiesjere observed to give lower

accuracy in presumptively identifying colonies than might be found in other, more experienced labs.

These limitations illustrate the need for sufint microbiological training for laboratories looking to

adopt one of these media for a One Health environmental AMR surveillance method. Additionally,

further quality assurance methods for colony identificateomd characterizatioshould be used to

supdementthe reliance orthe appearance of target colonies provideddandidate media

chromogens.

Sample size and timingas another limitation. Sample sizes were limited, particularly for
poultry wastes, in large part due to challenges and delays in olimgimccess to cooperating farms (after
access to sampling at wet markets and abattoirs had been pursued and consistently denied). As a result,
sample sizes for these matrices are limited, hampering the power of related analysis the primary
objectives of this project concerned comparisons of the performance of the candidate direct ESBL
Enterobacteriaceae detection culture media within this context, the limited power of comparisons
between sample sizes was a considerable constrAsguming trends iB=Ec prevalence and
concentration differences between sample types were to hatifjitional significant differences
between sample types may have resultdddging byesults of significance testhat were significant at
p<0.1 but not p<0.05, one might expect that increased statistical power might lead to a significant
difference in the proportions of ESBL resistance in upstream vs downstream surfacé&Ewedéas well
asdifferencesin the logtransformed EEc concentrations poultry manure vs. broiler litter
Additionally, sampling schedule limitations meant that upstream/downstream surface water and

municipal wastewater samples could not sampled to temporally link the transport of thesesvate
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throughout their shared hydrological network. Temporal linkage of samples would have allowed for a
more highly controlled comparison of upstream vs downstream surface wekerdncentrations and
ESBL prevalence (and the effect thatterl sewage dig@arge has in the presence, concentrations and

characteristics of these target AMR bactgria

Future Work

There are several opportunities for additional \wado both address the limitations of this
researchand advance newliscoveriesMore repeated analyses, for poultry waste and surface water
sample types especially, would lend additional power to indicate either comparability or significant
differences between initial quantification and presumptive identificatising these mediandfurther

characterization ofsolatedtarget organisms.

In addition, there is a need to incorporate more representatagrjculturallyimpacted
environmental samples, as thmultry waste samples collectdeere were limited in their comparability
to the live animal market wastewater matrix that the Tricycle Project recommends surveilling. The
incorporation of live market wastewater, abattoir wastewater, or another sinsitarrce oflivestock
associated wstewater sampleswould more closely mimic the realorld usage of these culture media

for EEcOHsurveillance.

As mentioned above, the Tricycle Project has indicatedtti@atwo recommended media
should be supplemented with cefotaxime at 4 ug/mL, in costtta the 1 ug/mlconcentrationdor the
candidate media used heand chosenbefore that recommendation was made. To more accurately
representtheseESBImediaaccording tahe recommended guidelines, analyses of these sample types
should be repeated witlgeneric media supplemented with 4 ug/mL cefotaxifBg.focusing on a much
smaller set of candidate culture media at two antibiotic concentrations, a more rigorous evaluation of

the performance of thee media may be undertaken. These media and methodsiatiahs may follow
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Analytical Methods for the Detection of Microbial Pathogens in Foods and ¥eddklitional statistical
analyses, such as BlaAdtman analysis, may be used to more accurately and robustly relate diffessenc

in the performance of these media within this standardized compattéon

Furthermore, a stated goal of this project was to compuesability of canddate mediato
guantify EEc as a proportion of tot&l. colias quantified byhe correspondingnon-antibiotic version of
said medium. For expediency adde tocost constraints, this work evaluated the generic media but not
the commercial media in this regard. In the future, commercial candidate media could be evaluated for
their ability to quantify proportions of presumptive ESBL resistance ariongliby corducting parallel
analyses witttcommercial nofESBL media from the same manufactuserch asCHROMagar
Orientationin parallel with CHROMagar ESiBeven the same commercial EdBtolicoliform media

with the antibiotics not added.

Lastly, while somefdhe candidate media here are more accessible in resclimtiéed settings
than others, all require potentially prohibitively expensawd difficult to sustairtold chainand
heating capacities such as incubators, waterbathd autoclaves for their pparation. To address this,
a future iteration of this project should explore alternative formulations of the recommended
MacConkey and TBX agar media that do not need autoclaviegpoiantibiotic refrigeration for their
preparation. Pectirbasedgellingmediainstead of the equivalent agar mediae one potential
alternative given their ability to solidify at much lowgambient)temperatures andatmospheric
pressures These alternative formulations should be validated for use in initial quantificatidn a

presumptive identification and characterization of target organisms from these and other OH sample

types.
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CHAPTER 7: CONCLUSION

This work represents one of the firsgstematicevaluations otandidateculture-based media
for the recently proposd Tricycle AMR Surveillance Project fiategrated and harmonized direct ESBL
E. coldetectionusing consistentnethodsand culture mediacross samples from multiple One Health

settings Key findings are summarized below by objective:
Objective 1:

-HiCrome ESBL and MacConkey with cefotaxime media were more sensitive in
quantifying municipal wastewater ESBLcolihan either[ A 2 ¥ A CIddm&t€ BSBL or MacConkey
with cefotaxime and >xGlucmedium Otherwise, all candidate media were comparably g&smsin
guantifying wastewater ESHL coli

-In surface waters and poultry waste samples, all candidate media detectedEE&BL
with comparable frequency. All candidate media showed no significant differences in frequency of
detection when moving &m one surface water sample to another or one poultry waste to another.

-For all sample types, all candidate/baseline media pairs gave proportions of

presumptively ESBL resistdatcolthat were statistically comparable.

Objective 2:
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-TBX with cefotaxime was significantly more accurate than other media in presumptively
identifyingand characterizing ESBL coliand norE. colicoliforms from all sample types analyzed and
confirmed by biochemical or phenotypical analyses. MacConkéyogfbtaxime and >Gluc was also
significantly more accurate than many of tb#her candidatemediatestedin identifying and

characterizing ESBL target organisms, though it was less accurate than TBX.
Objective 3:

-ESBIE. coliwere present in municipalewage atoncentrationsof 1°>-10° CFU/100 mL.
ESBIE. coliwere typically present in municipal sewage at approximately2the concentration of total
E. coli.

-In surface water samples, ESBlcoliwere typically presenat concentrations <10
CFU/100 mL, and often 0 CFU/100 mL for a given sample. Proportions &.ESBanged from 1 to
4% and did not vary significantly upstream vs. downstream of the treatguicipalwastewater effluent
discharge point.

-In poultry wase samples, ESHL coliconcentrations ranged from-00° CFU/g. Again,
non-detection of ESBE. colivas common in a given sample. EEBtolrepresented from 0 to 30% of
all E. colin these samples, though that higher limit may be anomalous. Propartid ESBL resistance
were insignificantly different between the two poultry waste samples analyaedodel industrial farm
and a model independent organic farm

Ultimately, thereare many factors to consider when deciding which agar medium is the brest fo

identifying and quantifying ESEL colin wastewater, surface waters, amehimal agriculture fecal
wastes. The results of these experiments and analyses suggest that TBX agar medium supplemented
with cefotaxime is the best optiofor AMR surveillance ethods in these and other One Health settings.
This determination ibased onTBX givingensitive initiapresumptivedetection and quantification of

ESBIE. coliacross sample typesombined with its superioconfirmatoryidentification and
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characterizéion of ESBE. coliand nonE. colicoliforms and its relatively high accessibiltjacConkey
agar variants may aldme asuitable choice depending on the predominant sample matrices to be
analyzed, the proficiency of the analysts conducting AM&ysis and the resource constraints of the

entity supporting the surveillance activity
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APPENDIA: WEEKLY SAMPLING CONCENTRATIONS AND PROPORTIONS OF PRESUMPTIVE ESBL
RESISTANCE BY SAMPLE TYPE AND MEDIUM/MEDIA PAIR

Table47. ESBL Eolt concentrations, in CFU/100 mL, in raw sewage for all candidate and baseline media by sampling week.

Sampling B BC CE HE LE M MC MCX MX
Week
1.19.17  7.27E+05 2.47E+04 2.40E+05 4.46E+05 9.67E+04 7.60E+06 9.50E+04 2.07E+04 6.33E+05

02.01.17 1.84E+06 7.13E+04 1.90E+05 6.88E+05 1.27E+05 6.33E+06 2.46E+06 1.80E+04 1.00E+05
02.08.17 8.60E+05 7.20E+04 2.57E+04 4.40E+05 1.66E+05 5.17E+06 1.05E+06 1.60E+04 7.67E+04
4.04.17 2.69E+06 4.07E+04 5.87E+04 1.25E+05 6.10E+04 2.37E+07 8.07E+05 1.97E+04 2.92E+06
07.13.17 4.83E+05 1.59E+05 7.47E+05 6.28E+05 2.13E+05 1.20E+07 8.23E+05 1.00E+05 1.69E+06
07.25.17 1.25E+06 2.72E+05 1.98E+05 2.67E+05 2.10E+04 8.03E+06 4.86E+05 2.54E+05 1.20E+05
08.26.17 3.68E+06 1.11E+05 1.59E+05 1.57E+07 7.23E+04 6.25E+07 7.12E+05 3.87E+04 6.97E+05
09.22.17 1.25E+06 2.72E+05 1.98E+05 2.67E+05 2.10E+04 9.30E+09 5.34E+05 2.84E+06 1.88E+08
10.03.17 3.69E+06 3.57E+05 4.23E+05 5.60E+04 1.21E+05 4.66E+07 3.05E+05 1.05E+05 3.07E+06

10.05.17 6.98E+06 1.77E+05 1.96E+05 3.39E+06 4.13E+04 6.73E+06 2.99E+05 3.13E+04 2.04E+06

Table48. Proportions of presumptive ESBL resistance among E. coli in raw sewage, as determined by candidate/baseline media
pairs, for all sampling weeks.

Sampling Week MC/M BC/B MCX/MX
1.19.17 1.25% 3.39% 3.26%
02.01.17 38.8% 3.88% 18.0%
02.08.17 20.3% 8.37% 20.9%
4.04.17 3.41% 1.51% 0.67%
07.13.17 6.88% 33.0% 5.93%
07.25.17 6.05% 21.7% 212%
08.26.17 1.14% 3.02% 5.55%
09.22.17 0.00574% 21.7% 1.51%
10.03.17 0.65% 9.68% 3.42%
10.05.17 4.44% 2.54% 1.53%
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Table49. ESBL E. coli contetions, in CFU/100 mL, in upstream surface wéterll candidate and baseline media by
sampling week

Sampling Week B BC CE HE LE M MC MCX
04.07.17 500 9.67 0.667 4 1.67 500 10.3 5.33
06.01.17 29.3 0.000 0.000 0.000 0.000 173 0.000 0.000
06.09.17 437 0.000 0.000 0.000 0.000 172 0.000 0.333
06.21.17 447 0.000 0.000 0.000 0.000 196 0.000 0.333
07.21.17 152 0.000 0.000 0.000 0.000 123 0.000 0.000
11.02.17 124 1.33 0.000 0.000 0.000 181 0.000 1.67
Table50. Proportions of presumptive ESBL resistance among E. gpfitteam surface watemas determined by
candidate/baseline media pairs, for all sampling weeks
Sampling Week MC/M BC/B MCX/MX
04.07.17 2.07% 1.93% 1.07%
06.01.17 0.00% 0.00% 0.00%
06.09.17 0.00% 0.00% 0.57%
06.21.17 0.00% 0.00% 0.79%
07.21.17 0.00% 0.00% 0.00%
11.02.17 0.00% 1.08% 1.37%

MX

500.
0.000
58.3

42.0
145
121

Table51. ESBL E. coli contetions, in CFU/100 mL, in downstream surface wédeall candidate and baseline media by
sampling week

Sampling
Week

02.17.17

02.22.17
03.01.17
03.10.17
04.07.17
10.26.17

B

190.

987
83.3
228
102
573.

BC

0.000

0.333
0.333
0.000
0.333
447

CE HE
0.000  0.000
133 360
200  0.333
0.333  0.000
3.00  0.000
933 117

LE

0.000

0.000
0.000
1.00
0.000
2.67

M

100.

18.3
31.3
26.7
10.0
500.

MC MCX
0.000 0.000
2.00 0.000
3.67 1.67
0333 0.333
0.000 0.000
4.00 8.33

MX

122

8.00
36.3
31.0
68.3
441

Table52. Proportions of presumptive ESBL resistance among E. dolistreamsurface water, as determined by
candidate/baseline media pairs, for all sampling weeks.

Sampling Week
02.17.17
02.22.17
03.01.17
03.10.17
04.07.17
10.26.17

MC/M
0.000%
10.9%
11.7%
1.25%
0.00%
0.800%
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BC/B

0.000%
0.338%
0.400%
0.000%

3.27%
7.79%

MCX/MX
0.000%
0.000%

4.59
1.08%
0.00%
1.89%



Table53. ESBL E. coli concentrations, in/@Fd community farm poultry manurer all candidate and baseline media by
sampling week.

Sampling B BC CE HE LE M MC  MCX  MX
Week

06.21.17 2.00E+ 1.80E+ 6.67E+ 1.13E+0 O0.000E 2.00E+0 O0.000E O0.000E 1.61E+
e 05 05 03 5 00 5 00 00 06

070617 250E+ OO000E 133E+ 6.67E+0 0000E 200E+0 0.000E 0.000E 2.03E+
06, 07 00 03 2 00 6 00 00 06
11817 L87E+ OO000E 0000E O0000E 0000E 8.23E+0 0.000E 0000E 8.97E+
-S. 07 00 00 00 00 6 00 00 06

Table54. Proportions of presumptive ESBL resistance among E. cofhimunity farm poultry manuteas determined by
candidate/baseline media pairs, for all sampling weeks.

Sampling MC/M BC/B MCX/MX
Week
06.21.17 0.000% 90.0% 0.000%
07.06.17 0.000% 0.000% 0.000%
11.08.17 0.000% 0.000% 0.000%

Table55. ESBL E. coli concentrations, in/@Fd conventional farm broiler pen littéor all candidate and baseline media by

sampling weekNote that data is not available for the concentration of tdEalcolias quantified by MX medium for the 03.21.18

sample. This 03.21.18 data was excluded¥r | f f O2y OSYy (G NI} GA2y & 3INI LKA yR Fylf&aasa
broiler litter.

sampling g BC CE HE LE M MC  MCX MX
Week
02.21.18 7.21E+ 1.38E+ 2.67E+ 1.03E+ 3.67E+ 5.49E+ 6.97E+ 2.97E+
(1) 06 05 03 04 03 06 04 04 6.67E+04
02.21.18 9.03E+ 4.97E+ 0.00E+ 4.33E+ 0.00E+ 4.37E+ 4.67E+ 1.30E+
2) 05 04 00 03 00 04 04 04 1.25E+05
0321 1g [-03E+ 0.00E+ 0.00E+ 0.00E 0.00E+ 503E+ 0.00E+ 0.00E+ Data ot
e 05 00 00 +00 00 05 00 00 available
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Table56. Proportions of presumptive ESBL resistance among E. cofiviantional farm broiler pen litteas determined by
candidate/baseline media pairs, for all sampling wedlate that data on MCX/Mxetermined proportions of presumptive
ESBL resistance wast awailable for the 11.08.17 due to a lack of materidls.such, 11.08.17 data was excluded from all
proportions calculations for this media pair on this sample type.

Sampling MC/M BC/B MCX/MX
Week
06.21.17
1.27% 1.91% 44.5%
07.06.17 107% 5.50% 10.4%
11.08.17 Data not
0.000% 0.000% available
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Table57.Results of MALBIIOF MS speciati@and VITEK 2 antimicrobial resistance characterization analyses for all isolates.
Isolates were assayed for resistance to cefpodoxime, following EUCAST AST standards, and select isolates were analyzed for
{.[ LNRRdzOGAZ2Y ® b2{Sr dlobNBG T Gk 2NFEFOFBIR. S NESA WS RRaaRISAA S &
WYAYAYdzY AYKAOG{AMNR{NEL RLISHTING TH A2 YTQTWLY G SNYSRAIF GSQT w T
LA GNB | TRINWOK K | wadiaPatrt ASHTYYHEFT A WIBNQT

9
I.I
I.I
b

APPENDIX 2: SPECIATION AND ANTIMICROBIAL RESISTANCE PROFILE DATA FOR ISOLATED TARGE
AND NONTARGET ORGANISMS ACROSS ALL SAMPLE TYPES

WazNHI y
9D I' WRINRRAzPR2Yy3AQ

Sample
Name

BC MD EC
3

BC MU EC
11

BC MU TC
18

BC MU TC
19

BC MU TC
20

BC RS EC
35

BC RS EC
36

BC RS EC
37

BC RS EC
38

BC RS EC
39

BC RS EC
40

BC RS EC
41

BC RS EC
42

BC RS EC
43

BC RS EC
44

Medi
um

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

/ NB S

Sam | Presump Specim Rec'd

ple
Type

MD
MU
MU
MU
MU
RS
RS
RS
RS
RS
RS
RS
RS
RS

RS

tive FIB

EC

EC

TC

TC

TC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

en#

11

18

19

20

35

36

37

38

39

40

41

42

43

44

3/8/201
7
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
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MS ID

Escherichizoli

Escherichia coli

Acinetobacter

baumanii complex

Acinetobacter

baumanii complex

Acinetobacter

baumanii complex

Escherichia coli

Escherichia coli

Escherichia coli

Escherichia coli

Escherichia coli

Escherichia coli

Escherichia coli

Escherichia coli

Escherichia coli

Escherichia coli

Cefpodoxi
me

MIC S/

I/

R
>=8 R
>=8 R
>=8 R
>=8 R
>=8 R
>=8 R
>=8 R
>=8 R
>=8 R
>=8 R
>=8 R
>=8 R
>=8 R
>=8 R
>=8 R

ESBL

MIC

NEG

NEG

NEG

POS

POS

NEG

NEG

POS

NEG

POS

POS

POS

ARS
YwS 3
t h-



BC RS EC
45

BC RS EC
46

BC RS EC
a7

BC RS EC
48

BC RS EC
49

BC RS EC
A

BC RS EC
B

BC RS EC
C

BC RS EC
D

BC RS EC

BC RS TC
34

BC RS TC
35

BC RS TC
36

BC RS TC
37

BC RS TC
38

BC RS TC
39

BC RS TC
40

BCRS TC
41

BC RS TC
42

BC RS TC
43

BC RS TC
44

BC RS TC
45

BC RS TC
a7

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

BC

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

45

46

a7

48

49

34

35

36

37

38

39

40

41

42

43

44

45

a7

11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
11/10/2
017
11/10/2
017
11/10/2
017
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Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli

Klebsiella
pneumoniae
Aeromonas

hydrophila/caviae
Acinetobacter
baumanii complex
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae

Klebsiella
pneumoniae

Klebsiella
pneumoniae

Klebsiella
pneumoniae

Klebsiella
pneumoniae

Klebsiella oxytoca

Klebsiella
pneumoniae
Enterobacter

cloacae/asburiae
Klebsiella oxytoca

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

POS

NEG

POS

POS

POS

POS

POS

NEG

POS

POS

POS

NEG

NEG

POS

POS

NEG

POS

NEG



BC RS TC
48

BC RS TC
A

BC RS TC
B

BC RS TC
C

BC RS TC
D

BCRSTC

CE MD EC
1

CE MD EC
2

CE MD EC
3

CE MU TC
10

CEMUTC
11

CE MU TC
8

CEMUTC
9

CE RS EC
30

CE RS EC
31

CE RS EC
32

CE RS EC
33

CE RS EC
34

CE R&C
35

CE RS EC
36

CE RS EC
38

CE RS EC
39

CE RS EC
41

BC

BC

BC

BC

BC

BC

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

RS

RS

RS

RS

RS

RS

MD

MD

MD

MU

MU

MU

MU

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

TC

TC

TC

TC

TC

TC

EC

EC

EC

TC

TC

TC

TC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

48

10

11

30

31

32

33

34

35

36

38

39

41

11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
3/8/201
7
3/8/201
7
3/8/201
7
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
9/28/20
17
9/28/20
17
9/28/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
11/10/2
017
11/10/2
017
11/10/2
017
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Klebsiella
pneumoniae
Raoultella
ornitholytica
Pseudomonas
fluorescens
Escherichia coli

Klebsiella
pneumoniae
Klebsiella
pneumoniae
Citrobacter freundii

Citrobacter
werkmanii
Citrobacter freundii

Cedecea neteri
No id on MS
Cedecea neteri
Cedecea neteri
Aeromonas sobria
Escherichia coli
Aeromonas sobria

Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Citrobacter spp

Micrococcus
luteus/lylae
Aeromonas
hydrophila/caviae
Citrobacter freundii

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

POS

POS

POS

POS

POS



CE RS EC
42
CERSEC

CERSEC

CERSEC

CERSEC

CERSTC
41
CE RS TC
42
CERSTC
43
CE RS TC
44
CERSTC
45
CE RS TC
46
CERSTC
47
CERSTC
48
CERSTC
49
CERSTC
50
CERSTC
52
CERSTC
54
CERSTC
55
CERSTC

CERSTC

CERSTC

CERSTC

CERSTC

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

CE

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

EC

EC

EC

EC

EC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

42

41

42

43

44

45

46

47

48

49

50

52

54

55

11/10/2
017
1/31/20
17
1/31/20
17
1/31/20
17
1/31/20
17
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
11/10/2
017
11/10/2
017
11/10/2
017
1/31/20
17
1/31/20
17
1/31/20
17
1/31/20
17
1/31/20
17
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Aeromonas spp

Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Klebsiella
pneumoniae
Aeromonas
hydrophila/caviae
Enterobacter
cloacae/asburiae
Enterobacter
cloacae/asburiae
Klebsiella
pneumoniae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Klebsiella oxytoca

Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Klebsiella
pneumoniae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae

<=0.2

5

4

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

0.5

POS

POS

POS

NEG



HE MD EC
3

HE MD EC
5

HE MU TC
5

HE MU TC
6

HE RS EC
29

HE RS EC
30

HE RS EC
36

HE RS EC
37

HE RS EC
38

HE RS EC
39

HE RS EC
40

HE RS EC
41

HE RS EC
42

HE RS EC
43

HE RS EC
44

HE RS EC
45

HE RS EC
1

HE RS EC
2

HE RS TC
36

HE RS TC
37

HE RS TC
38

HE RS TC
39

HE RS TC
40

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

MD

MD

MU

MU

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

EC

EC

TC

TC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

TC

TC

TC

TC

TC

29

30

36

37

38

39

40

41

42

43

44

45

36

37

38

39

40

3/8/201 Citrobacter freundii

7
3/8/201
7
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
1/31/20
17
1/31/20
17
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
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Aeromonas
hydrophila/caviae
No id on MS

No id on MS
Escherichia coli
Escherichia coli

Citrobacter
werkmanii
Escherichia coli

Aeromonas
hydrophila/caviae
Citrobacter farmeri

Escherichia coli
Citrobacter spp

Aeromonas
hydrophila/caviae
Escherichia coli

Escherichia coli
Escherichia coli

Aeromonas
hydrophila/caviae
Enterobacter
cloacae/asburiae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Enterobacter
cloacae/asburiae
Klebsiella
pneumoniae
Aeromonas
hydrophila/caviae

2

2

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

POS

POS

POS

POS

POS

POS

POS

POS



HE RS TC
41

HE RS TC
42

HE RS TC
43

HE RS TC
44

HE RS TC
45

HE RS TC
1

HE RS TC
2

HE RS TC
3

LE RS EC
26

LE RS EC
28

LE RS EC
29

LE RS EC
31

LE RS EC
32

LE RS EC
33

LE RS EC
34

LE RS EC
35

LE RS EC
36

LE RS EC
37

LERS EC
38

LE RS EC
39

LE RS EC
40

LE RS EC
41

LE RS EC
42

HE

HE

HE

HE

HE

HE

HE

HE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

TC

TC

TC

TC

TC

TC

TC

TC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

41

42

43

44

45

26

28

29

31

32

33

34

35

36

37

38

39

40

41

42

10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
1/31/20
17
1/31/20
17
1/31/20
17
11/10/2
017
11/10/2
017
11/10/2
017
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/13/2
017
10/13/2
017
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Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Enterococcus hirae

Enterococcus hirae

Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Stenotrophomonas
maltophilia
Aeromonas
hydrophila/caviae
Escherichia coli

Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Citrobacter freundii

Citrobacter
werkmanii
Citrobacter freundii
Aeromonas
hydrophila/caviae
Escherichia coli
Escherichia coli
Escherichia coli

Citrobacter freundii

Enterobacter
asburiae/cloacae

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

POS

POS

POS

POS



LE RS EC
43

LE RS EC
44

LE RS EC

LERS EC

LERS EC

LE RS EC

LE RS EC

LERS TC
32
LERSTC
33
LERS TC
34
LERSTC
35
LERS TC
36
LERSTC
37
LERS TC
38
LERSTC
39
LERS TC
40
LERSTC
41
LERSTC
42
LERSTC
43
LERSTC
44
LERSTC
45
LERS TC
46
LERSTC
a7

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

LE

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

EC

EC

EC

EC

EC

EC

EC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

43

44

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

a7

10/13/2
017
10/13/2
017
1/31/20
17
1/31/20
17
1/31/20
17
1/31/20
17
1/31/20
17
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
9/28/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/6/20
17
10/13/2
017
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Enterobacter
asburiae/cloacae

Citrobacter freundii

Citrobacter freundii

Klebsiella oxytoca
Citrobacter braakii

Enterobacter
cloacae/asburiae
Aeromonas
hydrophila/caviae
Klebsiella
pneumoniae
Klebsiella
pneumoniae
Klebsiella
pneumoniae
Klebsiella
pneumoniae
Escherichia coli

Klebsiella
pneumoniae
Aeromonas

hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

POS

POS

POS

POS

POS

POS

POS



LERSTC
48
LERSTC
49
LERSTC
50
LERSTC
51
LERSTC

LERSTC

LERSTC

LERSTC

LERSTC

MC MU
TC 10
MC MU
TC 11
MC MU
TC 12
MC MU
TC 13
MC MU
TC 14
MC MU
TC15
MC RS EC
11
MC RS EC
26
MC RS EC
27
MC RS EC
28
MC RS EC
29
MC RS EC
30
MC RS TC
11
MC RS TC
12

LE

LE

LE

LE

LE

LE

LE

LE

LE

MC

MC

MC

MC

MC

MC

MC

MC

MC

MC

MC

MC

MC

MC

RS

RS

RS

RS

RS

RS

RS

RS

RS

MU

MU

MU

MU

MU

MU

RS

RS

RS

RS

RS

RS

RS

RS

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

EC

EC

EC

EC

EC

EC

TC

TC

48

49

50

51

10

11

12

13

14

15

11

26

27

28

29

30

11

12

10/13/2
017
10/13/2
017
10/13/2
017
10/13/2
017
1/31/20
17
1/31/20
17
1/31/20
17
1/31/20
17
1/31/20
17
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
10/13/2
017
10/13/2
017
10/13/2
017
10/13/2
017
10/13/2
017
11/10/2
017
11/10/2
017
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Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
No id on MS

Enterobacter
aerogenes
No id on MS

No id on MS

Staphylococcus
capitis
Escherichia coli

Micrococcus
luteus/lylae
Klebsiella
pneumoniae
Klebsiella
pneumoniae
Escherichia coli

Citrobacter freundii

Citrobacter freundii

Raoultella
ornitholytica
Klebsiella oxytoca

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

NEG

POS

POS

POS

POS



MC RS TC
13
MC RS TC
14
MC RS TC
15
MC RS TC
26
MC RS TC
27
MCX MU
EC1
MCX MU
EC 2
MCX MU
TC 21
MCX MU
TC 22
MCX MU
TC 23
MCX MU
TC 24
MCX MU
TC 25
MCX RS
EC 26
MCX RS
EC 27
MCX RS
EC 28
MCX RS
EC 29
MCX RS
EC 30
MCX RS
EC 46
MCX RS
EC 47
MCX RS
EC 48
MCX RS
EC 49
MCX RS
EC 50
MCX RS
EC1

MC

MC

MC

MC

MC

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

RS

RS

RS

RS

RS

MU

MU

MU

MU

MU

MU

MU

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

TC

TC

TC

TC

TC

EC

EC

TC

TC

TC

TC

TC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

EC

13

14

15

26

27

21

22

23

24

25

26

27

28

29

30

46

47

48

49

50

11/10/2
017
11/10/2
017
11/10/2
017
10/13/2
017
10/13/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
11/10/2
017
10/13/2
017
10/13/2
017
10/13/2
017
10/13/2
017
10/13/2
017
1/31/20
17
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Escherichia coli
Klebsiell_a
pneumoniae
Escherichia coli
Citrobacter spp
Klebsiell_a
pneumoniae
Escherichia coli
Escherichia coli
No id on MS
No id on MS
No id on MS
No id on MS
No id on MS
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli

Escherichia coli

Enterobacter

cloacae/asburiae

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

NEG

POS

NEG

POS

NEG

NEG

POS

POS

POS

POS

POS

POS

POS

POS

POS

POS



MCX RS
EC 2
MCX RS
EC3
MCX RS
TC 28
MCX RS
TC 29
MCXRS
TC 30
MCX RS
TC 46
MCX RS
TC 47
MCX RS
TC 48
MCX RS
TC 49
MCX RS
TC 50
MCX RS
TC1
MCX RS
TC 2
MCX RS
TC 3
MCX RS
TC4
MCX RS
TC5

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

MCX

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

EC

EC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

TC

28

29

30

46

a7

48

49

50

1/31/20
17
1/31/20
17
10/13/2
017
10/13/2
017
10/13/2
017
10/13/2
017
10/13/2
017
10/13/2
017
10/13/2
017
10/13/2
017
1/31/20
17
1/31/20
17
1/31/20
17
1/31/20
17
1/31/20
17
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Escherichia coli

Citrobacter freundii

Enterobacter
asburiae/cloacae
Pseudomonas
putida
Aeromonas
hydrophila/caviae

Citrobacter freundii

Acinetobacter
baumanii complex
Klebsiella
pneumoniae
Klebsiella
pneumoniae
Klebsiella
pneumoniae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae
Aeromonas
hydrophila/caviae

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

>=8

POS

POS

NEG

NEG
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