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Track emerging infectious
diseases with wastewater
sur veillance

Broad detectionofpathogenswiththe
MiSeg™ 100 Series

Comprehensive workflow includes library praparation, target
enfichment, seguencing, and data analysis
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Fast, Mlexibde sequencing that delivers same-day results for effective
O and efficient wastewater surveillance
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Introduction

The modern world is witnessing an alarming imcrease in
the threat posed by Infectlous disesses, Globalization
and international traved Tacilitale the rapid spread

of infectious agents across borders. ] Additionally,
expanding urbanization and growing population density
create jdeal conditions for the transmizsion of infectious
agents, Moreover, the emergence of drug-resistant
sirains of bacteria and viruses Rosas a significant
challenge in the treatment and control of infections. 2

Wastewaler survaillance i & method for detecting,
identifying, fracking, and characterizing potential
pathogens to assess the health of a population.d This
method provides data to heip monitor outbreaks and
serves as an early warning of infectious threats at the
community level, as demonstrated through genomic
surveifance of SARS-Cov-2.4 By knowing where these
threats are, communities can better allocate resources
during a public ealth response. PCR based-methods
Gan provide rapid and relatively low-cost snapshots of
the prasence or absendce of expecied pathogens, but
their performance for monitoring and detection depends
on preexisting knowledge of micreorganism sagquence
variability and of variant detarmining mutations. Mext-

generation sequencing [(MGS] workflows are ralatively
more axpensive in time and cost, but are more tolerant
to mutation, enable varkant discovery, and can provide
detailed gancmic information bayond quaditative
detection of pathogens.5=7

Accurate and comprehensive detecton of viral
pathogens in wastewater depends on both the

upfront enrichment of wiral genomes by filiration

or concentration technigues and NGS llbrary prep
enrichment methods 1o overcome the analytical
challenges inherent 1o studying the relativehy small
genomes of viruses, the most abundant of which

make up only a small proportion of the total gemomic
material in wastewatar, 810 By increasing tha relatve
abundance of gemnomic content of interest in the library,
enrichmeant alse unlocks the potential for saquencing on
benchiop instruments,

This applcation nate demonstrates detection and

characterization of wiral pathogens in real=workd
wastewater samplas using an MGES workflow that
Integrates the Mumina Yirsl Survellance Panel v2, the
MiZeqg 1100 Seres, and cnboard DRAGEN ™ secondary
analysis (Figuie 1, The MiSeqg 100 Plus System delivers
same-day results for efficient wastewater surveillance
to enable a rapid pubdic health rasponsae.
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Methods
Samples

Raw wastewater samples were coliected from
wasiewater treatment planis by Wisconsin State
Laboratory of Hygbene (WELH) [n = 12] and from
studen! dormitories by Colarada State Unbvarsity (CSU)
[n = 12); both sites are lecated in the United States.
Samples were collected from each slte over multiple
time points from Movember 4, 2022 w Decembear 16,
2022, 10=50 ml of sampla wastewatar was prepared

by WSLH by capture and concentration of viruses with
Manotrap Micrablome & Particles (Ceres NManosclences,
Ine., Catalog no. 44302), Muclele ackds wera extracted
uging the Wizard Ervire Tolal Mucleic Acid Kil (Proamega
Corporation, Catalog no. A2901). Samples prepanred

by C5U Invalved removal of solids via centrifugation

af ~Z000 x g, Tollowed by capture and concantration
of wireses with the CP Sedect Concentrating Fipatte
(InnovaPrep, Inc.). Mucleic acids were estractad using
the CHaarnp Virad BMA kinl Kit [CHAGEM, Catalog no.
E2ooda).

Library preparation

Sequencing-reedy libraries were prepared from a
maximum Yedume of 8.5 pl (= 100 ng of extracted total
muchelie acid (TMAY) Input using the Viral Survedlance
Panel v2 Kit, Sat & (36 sampbes) (lluminag, Catalog na,
20108081}, Libraries were combdned imto four pools of
gix librares each {6-plex) with a loading concentrathon
al B0 phd Tor Ssequendcing,

Sequencing

Preparad Fbraries were seguenced on the MiSeg 100
Plus Systern wsing & 25M flow cell with & run
conflguration of 2 = 150 bp, For larger studies,
sefusncing runs can be scaled up to the NaxtSeq”
1000, MedSeq 2000, MovaSeq™ G004, and MovaSeg X
Systems,

Data analysis

Aftar sagquancing was complete, data wera downsampled
to th and 4M clusters/fragments per sample using the
FASTO Toolkit App, Downsampled and nondownsarmpled
data  was  analyred using the DRAGEMN  Microbial
Enrichment Plus (DME+) app onboard the MiSeg 100 Plus
System, The app can also be accessed In the clowd In
BasaSpace™ Sequence Huls,

Results
Sequencing metrics

The four wastewater pools were sequenced across fouwr
rums cn the MiSeg 00 Plus System, Al four runs resulied
in an average ¥ Q30 greater than 90% and percent resds
passing filber [FF} of ~80%, indicating both high-guality
reads and consistent instrument loading concentrations.
The total number of peired-end (PE) reads obteined
excesds the 50M specification of the flow cell, For all fous
rums, the cambined instrument run time and onboard
analysis times were under eight hours [Tzable 1. This
demonstrates that the MiSeg 00 Plus Systern offers
spead and efficiency necoessary to provide timely resulls
important for public health monitoring and responsa,

WET: -
MiSeq 1100 i * PF Total no, of Tatal no. of paired- Run time Enl;m;:u::ﬂ'ue
Pl run % Q30 paired-end reads end reads PF ¥
Run 1[C5L) B369% 73.49% 78,073,280 B2,0E4, 196 7 hr 11 min 18 smin
Run 2 105U Bl 35% Fa.0 8% 74,073 240 E1.723 176 2 b 12 i 1 min
Run 3 {WELH) B4.57% B1.62% 78,073 280 £4,530,830 P — 49 rran
Run 4 (WSLH) AN B1.43% 79,073,280 54,369,944 7 he 12 min P
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Detection of viral genomes

To help establish and compare the amouwnt of
gaquencing depth nesdad for effective pathogen
detection, anahysis of the reads was simukated at various
dapths, In addition, data normalization was naaded

for accurate quantification due to the large variation in
length of the detected viral genarmes, Thersfore, the
percent of the genames covered swiss platted agaris
the log1d RPKM [Reads Per Kilobasa par Million} reads
across the four wastewater semple library pools and
simulated &t three sequencing depths: downsampled to
184 fragments, dewnsampled to 40 fragrments, and full
dapth (Ao dewnsampled or <5 fragments per sampal.
REKM is a common means to normalize NGS data that
combénes the depth of coverage with the length of the

target region. This permits more accurate comparisons
gcross different pathogens, as well as for a singbe
pathagen over thme. Coverage of the detected viruges
can ba segragated inlo theae ganaral ranges, defedction
(5=20%), surveillance [(20=60%], and full genome
coverage {G0-100%) (Frgure 2§ Viral pathogens Inthe
loweest range were confidently detected, bul lacked
sufficient coverage to frack vival evolution or accurate
variant information. Viral genomes in the mid-range
had sufficient coverage for effective molecular
characterization and changes in viral concentrations
aver ime, Ganomas detectad in the highest range wers
able to be characterized with variant determination. At
greater read depths, the total number of viral genomes
wias higher, bul platesued at arcund 4M clusters/
fragments (80 PE reads) [Figura 2 and Table 2).
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Characterization of viral genomes

Az part of the longitudinal stedy, detected viral genomea
were plotted and arranged with ascending logid RPKM
velues in a heat map that showed warious levels of
detection for enteric and respiratory viruses Bcross
collection sites and over time, as mesasured by relative
abundance [Figure 2} and by genome coverage (Figure 4],
Flotting genome cowerage over time showed increased
lewals of enteric winuses, including Coxsackie virus AFB,
Morowirus, Mamestrovirus  [human  astrowirus), and
Salivirus in Decermber time points (Figure 4), consistent
with previous reports detecting high abundance of these
and other pathogenic viruses shed in humean stool. 11
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Similerly, the respiratory vineses Bocavirus and
Ahinowirus A'C showed alevated levels in samplas
callected In December (Figure ), These data ane
consistent with historically cbserved ssasonal increasss
in transmission of respiratory pathocgens in early winter,
perhaps accelarated by travel aver the Thanksgiving
hotiday, 12

summary

The MiSeq 100 Series is part of a fast, comprehensive
MWGS workflow that enables broad detection of viral
pathogens for effective wastewater surveillance as part
af public health efforts,

Learn more —
Wiral Surveillance Panel w2
MiSeq 100 Series

DRAGEM sacondary analysis
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