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APPLICATION NOTE

Wastewater surveillance
using the Urinary Pathogen
ID/AMR Panel

Broad pathogen detection and antimicrobial
resistance (AMR) tracking with the
MiSeq™ 100 Series
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Exceptional breadth and Fast sequanting delivers Simplified anatysis with

dapth of coverage of rasults In < 12 hr for tha DRAGEN™ Micrabial
antimicrabial resistance effickent wasiewaner Enrichment Plus app
genes (ARGS) enabled survediance provides streamiined

with ensichment with pathegen detection and
the Urinary Pathagen characterization
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Introduction

Arifirnicrobial resstance (AMRL has been described a5 2
“silant pamdemic™ By ‘decreasing the effectveness of
available antimicrobias,  AMBE has  the  potental to
rdisciminately influence the severity and clingal cutome
af wleltions independant af undarhyer deseacs af cther fsk
lactors. ] Expandsng urban zalon, glodd fuvel, and groswing
popwiation  densty  create deal  conddiors for the
ransmission of Infeclicus  agerds, and  wih  them,
artirniciabial resistance genes (ARGSL2-3

Mary exsbng AME survelllance programe are based an

wleracions with heaith cang providers and, heefore,
canndl effeciively caplure Sngoing fensmission of
drug-resistant arganisms oulside of the health care
sating. Furthermaore, tradicnal growth-based methods
fir ronitaring drug suscaptitiity cannol provide
gencdypic information about the ceganisme nor e
ARG themselves, or any Information atoul organisms
That are nat cullivable in Ehe BROrEOny wsng standarc
pratacals 3-4

Wastewater suryesilance includes a labaratony method
fhiat Can hedp addfess hesde gaps and undioves (P
cireufating "resisiorme” of a given community, ncluding
drug-resistant organisms and associated mobile
genetic elamants bearing ARGE (Bg. pasmeds) that
may circusate in parallel 3 Maxt-generation ssquencing
[MEE]-bazsd wastewstar surveillance of AMR has been
Showen i Corfeiate with Dhenclypic resistancs gata
from conveniional isolake-Dased sunveillangs In vanals
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Figura t Cormprehenaive MGES workllow for wasiewaler sarvedlanae

MiSeq 100 Sedqes

populstions and mﬂms.d Funhesmora, waslesarar
survesiance can be useful for oread survefance of
KMo of mowel Eheaals et may e transmitted bebween
PECEFEE, nanhuman pogulaiors, SUch s companion
Anirais O gricultura anirngss, aod their shared
enwironmeant ma "One Headth™ approach 3

Accimate and comprabenslve detection of ARGS and
gssociated bDadieria in wastewalar deperds an the
upfront enrchment of ralevant genomic comlent by
filration co concerdraticn technigues. Library preparation
enrnchmeni matnods can helgp overdome the sequencirg
depih othenwise meeded to-comprehensively profile

e resstome in wastewatar samples.B By increasing
The relative alindance of geaomic content of interest

in the Eorany, ennchment a550 unlocks the potential for
Gduancineg it rahes 1rom a Diglogacaly carmglax campas
e wastewataran NS Denchbop insdrurents,

Tries applization npte. demonstrakes the dedecton and
characterizanon of ARGS and assocated Dacierial
palhiegens in-real-warld wastewsier samples Using an
HGES workflow hat integrates the Urimary Pathogen 1)
ANR Envichrment KL tha MSed 100 Plug System, and
onkoand DRAGEN sacondary anatysis [Figura 1]. The

hiSeq iM0 Seres delivers same-day resulfs for etficiert
wastewatar survediance with high-resolution data to

infarm public nealh esponse.

sequance Analyze

DRAGEN Microbaal
Enrichment Plus agp
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Methods
Samples

Ry wedsiewainl sampeas werg cofectad from
wisEnvalar Draatrment piants PWW TR Dy Wiscoogin

State Laboratary of Hygiers (WSLHI (no= 27) and fram
shaclent dormitaries by Colorade Stete Universay (CSL

[ = 231 Dot Stes arein the United Siales, Samples
ware cofected from esch sde over mulipke tme

paints from Mowemiber 4, 2022 to December 16, 2023,
Samiples from WSLH were prepared trom =50 miof
Sampla wasiewatar by LAapiurmg and Soncantiatng e
microbas with Matotap Mrabime & Parbcies iCeres
Manosciences, Inc., Caalog no 42202 Mucleic acids
were extrached using e Wizard Enviro Tedal Muckeic Acid
Kit [Prosmacgs Conporalion, Caakg no, A28 dccording
o the marufackurer's instruckons. Sampées obtained
from CEU wwaheed removal of soficds wa centrifugation

@ ~ 2000 » g followeed By caphure and concantration

b wifusss wah the GR Salkec! Concerdraling Papete
HanovaPred, NG, Mutleis acds were axiiacled using e
GlAsamp Yral R Bini Kit (QIACEN, Catalog no. H2304)
Fccord,g o the manufachurar's instrucions.

Library preparation

SepHEncing-raacly litfanes weae peeparad Tiom a
MUy Wolure of 30yl of axiischad 1ol nuckic

acid (THA] input using the Urmary Pathcgen IDf&MR
Enrichrent Kit, Set A (RLIO) (96 indexes, 96 samples)
[Aurwirs, Sataiog nd, 20080308 Forl comparisan
shotgun metagemomice librariee were préepased using tha
game kit, omitting enfchment steps,

WSeq 100 Sarles

Sequencing

Prguised libraries were sequentsd on [he Miseq
00 Pius System using a 256 flow cell with B run
configumAtion of 2 = 151 bp.

Data analysis

After Seguencing Wiy Complats, data weste downzamphsd to
M |enrichad and unennched) and 4b urennched  anly)
clustersffragments per sampée using the FASTS Toolkt App
Downsampled and sondewnsampled data were analyzed
LsEng e DRAGEM  Microbial Envichrmant Pleg apd in
BaseSpaca™ Sequence Hub This app can also b aocessed
anboasd the MiSeg 100 Plus System

Results
Sequencing metrics

Tre wiasiawatar [braras weds shauenced acrss

thres rums an tha MiSeq (100 Plus System. Ssquencimg
mEircs preoss he thres runs wers high with = S,
repds greaher tnan QA0 and of = 57 % reads passing fiter
(PF], inckCating Doty high-gquality data and consistent
instrument Ioading concantrations. The total number

of pairad-end [PE] reads pbtamed exceeded the

S0M specification of the fiow cell, resuling In deeps
ConrScpe and pataniialy mare contdant idertifasatian
of ARGs and microbes. Far all three runs, the comoined
insfrument run fime and analyss fimes weare under 1
hours | Takée 1}

Table 1: Saquencing matrics For the MiSeq 10D Plus System

: Mo, of Total no. PE % reads
% PF
Sequencing run samples Ruimn time Analysis time read PF - Q30
Fun " Ehe 44 min 045 min GeFEs08E B0 9 §68N
Fun 2 4] 7 hr 12 min ~40-45 min BB B50.076 8707 B4.72%
Run 3 18 Fhr13 min =045 min FDLEF 364 3900% 9410
3 M-GL-D3522 w1.0 Far Research Uose Onby Mot for use in disgnostic procedunas.
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Wastewater sample compaosition

WisLEAT FnahyEE 10015 within The DRAGEN Microbdins
Emrichment Phas app facilitale irferpeetalion of
enrichmeant parformancs at a glance. Sample
cornposiion plols show the proportion of tangeted,
uniasgated, amoiuous, and undlassified feads. The
parceriage of readd in each cafegorny represerds Hair
pro@artion retEative fo the iotal rumber of reads inibe
sampe (Figure F4) or relative 10 1he proartion of reads
within the Ergstedor untangeled categones themssives
(Figure 28], For example, 52 1% of the 1okl reads.in the
samphe gre classified as fargeted AMR reads; and 33.1%
of ail the reads in the spmple are untargeted beienal
(Figure 22] In confrast, B8 7% of largeted reads are AMA
ragds, and 24 4% of all untargeted reads are classified as
bacteral reads (Figure 26}

AMR detection in wastewater samples

Tne terget ennchment design of the Uinngny Pathcgen
ICAME panal s baghly sensitive, outperforming shataun
metagenamics for idenlifying genses assocated with
AR, The target enrichment approach slse alkies for
graatar analylical sansiivity a1 & lowes fumbsss of etal
regds comparad to shotgun melagenamecs mathods
(Figure 3}, Importantly, the CRAGEN Microoial Enrichment
Flis apn autormaically Hags relevant ARGS associaled
with exfended-specirum B-Bolamass (ESELl and
carbapenemas genes, These ganes are desgnated as
crifical prioriies by global health agencies dus to their
role in multidrug registance and rapid dssemination -8
THiG anablas useis o facus on the mesl ralasant ARGS
in fatoedats sele, providing a clear stafting poist Tor
furtter analysss

Analysis of esuls from sequencing wastewalss samples
with the Urinary Pathogzn [D/8MR pansl showed 1
proportion of AME genes detected al each callectan
Eibe, caeonired Dy kncar associaion Wil a famiy

af antirecrobils drggs [Fgurs 4481 Thess findings
higregght the pesvalence of diverse AR gerss i varkus
COMMmnites, inclusive 3 dense fuman pooulaions
[darmitary samples; and a "Cne Heallh® sample ofa
broad communiy (WWTP =ampies),

Microbe detection in wastewater samples

Arabedic of Séquencing results from wastaale: @mples
uzing the Urinary Pathogen (DfAMR panst revealad

the déztribution of microbes across wo collecticn

sibeE NCILCEN] Qram-nedative baciena, gram-postive
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Figure I; Cormpositian of waslawater samples

I HigTs CIATIDEGE TG Wy frEs pTElciaT nio 1D 1R “|
aie targated fhiue), ankmdeled lyellos) arbgpeus
|orarca il umikmsfdmr owdl O Sampkh compostion
aimminded as (M) abmalie shawe ihe percantine ol resdo N
Mch ategary wEnlive 5 e ks numier of wedd In e
smamplo, and (21 reiniro shows e FRICOm3gits METAsS 1o N

prppamon o ieaeds walhin N lgeied  or LETlangeTiegd
CHEE e N s

bacters, angd viouges (Figuee 3], The majonfy of reads
fram both siles weare associated with gam-negstiva
bectera, including byoical gui-azsociated organisms
and apporunisic pehogens s ag Escharichia. ool
Kigtsiend BREuwmcoies, Fesodamionis aerimiasa,
gl Adiretodrcler boumarad, Enichment wilks s
Urinary Fathogen IDYAMR parel also revealed the
presence of genomic content from ather bacherial

and wizal grgankems,; For example, dormitany smples
shaxeead a relatively highar proportion of gram-posilive
bactera, including Enterocoecus spp, Stophylocaccus
G, Sireprocaccis spp, and acid-fas CIITANIEMS Were
datsciod Serass ol Sites . athaugh dermildey samples
shmed a higher propartan [Fgure 5.
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Shotgun melageromics sequansing Urinary Pathooen D) AMA Paned

Fiqure 3: Comparisan of AMER pene ﬂE[Eﬁll!lh in LivEnar y P‘Hﬂbﬂg!ﬂ ICyaMA parel-endched Ve shatgun h'I-EI?I!gE'Ih'_'II‘IIIEE libraries

e Bl s i iespigiesd aed gesjuerican an e MGSes |00 Phis Syslem, 1he resimaFh ST s o pwrasied e 19 ThA chsleis o
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Figure d: Ragistomes of ﬂﬂi!l'l'!-l'll'_'lr!.l' afvd WIWTP sainples [ Frgure 5 Microbe detection by collaction sits
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Samgies Trom WNWT P exhibitad graater vied divarsty,

gl feflec b the Erger and mora Relerooenedus
popuiaton from which the samples were collected from:
Wiral detections at oth sies Included JO polyormaves
aend B LObOmany ins, Aciticnd®y, Human papdlemaviug
[HF] wias entifeed in b doemitary samples, and
Adenovirus E was detactad 0 the WANTP zampleg These
findings emprasize e focus of the Urinary Pathogen
IDJaMR pans on datesing and quanihying Bactesa and
Associaled AR ganes relevant For human healim, while
at=o beghlighting ils capacily 1o caplure broader méciobis
rends ¢ comples sampde fvpes.

Summar y

The MiSeq 100 Series combdned wan e Lirnsary
Palragen IDPARR Endctiment Kil prowickes a Tast,
comorehersive workilow thal enables cetection and
chmractenzation of ARGs and associated nacierlal
LIEI||1&QBI'I‘5 il fﬂ!:i"r' fromn samples o Suchor wasieraer
supvaillance as part of public Health efforts

Learn more
hiSeq MO0 Series
Urinary Pathogen IEYAMR Enrichment Kit
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