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Introduction

mission of the I1ZC, since 2005

Identification of reservoir and
transmission pathway

Development of methods
in prevention, diagnosis
and treatment

Determination of molecular
mechanism in host specificity
and virulence




Concept of diagnosis by metagenomic NGS

Cich

Read everything!
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CATCATCAATAATATACCCCACAAAGTAAACAAAA
GTTAATATGCAAATGAGTTTTTGAATTTTAACGGT
TTCGGGGCGGAGCCAACGCTGATTGGACGAGAGAA
GACGATGCAAATGACGTCACGACGCACGGCGTTAA
CGGTCGCCGCGGAGGCGTGGCCTAGCCCGGAAGCA
AGTCGCGGGGCTGATGACGTATAAAAAAGCGGACT

TTAGACCCGGAAACGGCCGATTTTCCCGCGGCCAC
GCCCGGATATGAGGTAATTCTGGGCGGATGCAAGT

=
o

GAAATTAGGTCATTTTGGCGCGAAAACTGAATGAG
GAAGTGAAAAGCGAAAAATACCGGTCCCTCCCAGG
GCGGAATATTTACCGAGGGCCGAGAGACTTTGACC
GATTATCGTGGGGGTTTCGATTGCGGTGTTTTTTC
GCGAATTTCCGCGTCCGTGTCAAAGTCCGGTGTTT
ATGTCACAGATCAGCTGATCCGCAGGGTATTTAAA
CCAGTCGAGTCCGTCAAGAGGCCACTCTTGAGTGC
CAGCGAGTAGAGATTTCTCTGAGCTCCGCTCCCAG




Concept of diagnosis by metagenomic NGS

Most of them should be originated from human
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CATCATCAATAATATACCCCACAAAGTAAACAAAA
GTTAATATGCAAATGAGTTTTTGAATTTTAACGGT
TTCGGGGCGGAGCCAACGCTGATTGGACGAGAGAA
GACGATGCAAATGACGTCACGACGCACGGCGTTAA
CGGTCGCCGCGGAGGCGTGGCCTAGCCCGGAAGCA
AGTCGCGGGGCTGATGACGTATAAAAAAGCGGACT

TTAGACCCGGAAACGGCCGATTTTCCCGCGGCCAC
GCCCGGATATGAGGTAATTCTGGGCGGATGCAAGT

GAAATTAGGTCATTTTGGCGCGAAAACTGAATGAG
GAAGTGAAAAGCGAAAAATACCGGTCCCTCCCAGG
GCGGAATATTTACCGAGGGCCGAGAGACTTTGACC
GATTATCGTGGGGGTTTCGATTGCGGTGTTTTTTC
GCGAATTTCCGCGTCCGTGTCAAAGTCCGGTGTTT
ATGTCACAGATCAGCTGATCCGCAGGGTATTTAAA
CCAGTCGAGTCCGTCAAGAGGCCACTCTTGAGTGC
CAGCGAGTAGAGATTTCTCTGAGCTCCGCTCCCAG

Human sequence




Concept of diagnosis by metagenomic NGS

Most of them should be originated from human
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CATCATCAATAATATACCCCACAAAGTAAACAAAA
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GAAGTGAAAAGCGAAAAATACCGGTCCCTCCCAGG
GCGGAATATTTACCGAGGGCCGAGAGACTTTGACC
GATTATCGTGGGGGTTTCGATTGCGGTGTTTTTTC
GCGAATTTCCGCGTCCGTGTCAAAGTCCGGTGTTT
ATGTCACAGATCAGCTGATCCGCAGGGTATTTAAA
CCAGTCGAGTCCGTCAAGAGGCCACTCTTGAGTGC
CAGCGAGTAGAGATTTCTCTGAGCTCCGCTCCCAG

Human sequence




Concept of diagnosis by metagenomic NGS

Pathogen detection by sequence identification
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CATCATCAATAATATACCCCACAAAGTAAACAAAA
GTTAATATGCAAATGAGTTTTTGAATTTTAACGGT
TTCGGGGCGGAGCCAACGCTGATTGGACGAGAGAA
GACGATGCAAATGACGTCACGACGCACGGCGTTAA
CGGTCGCCGCGGAGGCGTGGCCTAGCCCGGAAGCA
AGTCGCGGGGCTGATGACGTATAAAAAAGCGGACT
TTAGACCCGGAAACGGCCGATTTTCCCGCGGCCAC
GCCCGGATATGAGGTAATTCTGGGCGGATGCAAGT

GAAATTAGGTCATTTTGGCGCGAAAACTGAATGAG
GAAGTGAAAAGCGAAAAATACCGGTCCCTCCCAGG
GCGGAATATTTACCGAGGGCCGAGAGACTTTGACC
GATTATCGTGGGGGTTTCGATTGCGGTGTTTTTTC
GCGAATTTCCGCGTCCGTGTCAAAGTCCGGTGTTT

ATGTCACAGATCAGCTGATCCGCAGGGTATTTAAA *

CCAGTCGAGTCCGTCAAGAGGCCACTCTTGAGTGC
CAGCGAGTAGAGATTTCTCTGAGCTCCGCTCCCAG

Human sequence

DENV1
sequence!



Strategy of pathogen detection using mNGS € ICEd

Targeted or Untargeted

RNA is preferable
|

1
Extraction @ cDNA synthesis

Polymerase Polymerase

{Targeted 1T (- ) ™ ' Random
Lerimers.immr O C D o LLprimers.

* Tiling-PCR (ex. SARS-CoV-2) « Sequence-independent, single-primer amplification

» 16S rRNA (ex. Bacteria) « Circular Whole-Transcriptome Amplification

* Pan-group-PCR (ex. Flavivirus)  RNAseq

| |

Easy Complicated
Affordable

Expensive

Low-comprehensive High-comprehensive

Gauthier et al., Clin Microbiol Rev. 2023
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Pan-group-mNGS system

The concept
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* 16S rRNA metagenomics
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pan-flavi-nanopore

outline of the method

scientific reports g

A targeted approach with nanopore
sequencing for the universal
detection and identification

of flaviviruses

Patrick Reteng?, Linh Nguyen Thuy?, Tam Tran Thi Minh?,

Maria Angélica Monteiro de Mello Mares-Guia3, Maria Celeste Torres?,

Ana Maria Bispo de Filippis?, Yasuko Orba“, Shintaro Kobayashi®, Kyoko Hayashida®¢,
Hirofumi Sawa“%7, William W. Hall®”*° Lan Anh Nguyen Thi? & Junya Yamagishi®®*"

Scientific Reports|  (2021) 11:19031

Protocol outline

1.  Get amplicon by pan-flavi PCR with index-primers
2. Pool the amplicons.

3. Read with NGS at once to identify flavivirus spp.

Advantage of the methods
1. Identify any flavivirus at once (comprehensiveness)
2. Low cost by multiplex sequencing enabled by index-PCR

Broad spectrum pan-flavivirus assay

X 1.Electrophoresis

| YFV = |
! RT-PCR = _ !
. DENV1 = §
E ZIKV \/2. Next generation i

sequencing

________________________________________________________________
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pan-flavi-nanopore

Limit of detection

(Ct) 30.6 33.9 37.6 40.5 40.0 32.4 353 37.3 41.1 ND

serial dilution (1/10)
gRT-PCR

e

- —
- - F pan-flavi-PCR
=
- - ..
- -—-—— - - -
- e - - - -

NA NA NA 14102 7 NA NA 58340 12 ND ]' nanopore reads

DENV1 DENV2

Ct value around 40 can be detected by the Pan-flavi-nanopore



pan-flavi-nanopore

performance validated using clinical samples

ZIKV 11
WNV 1
DEN1 5
DEN2 78
DEN3 0
DEN4 35
DEN negative 32
gPCR validated RNA
DEN1 true P true N
test P 4 0
test N 1 127
sensitivity 0.800
specificity 1.000

DEN2
test P
test N

sensitivity
specificity

iF05 iF06 iFO7 iF08 iF09 iF10 iF11 iF12

5

High molecular weight gDNA

Optional fragmentation
or size selection

End-prep and nick repair
| 80 min

Ligation of sequencing
adapters

e
Pan-flavi-PCR mix all and lib prep NGS
true P true N DEN3 true P true N DEN4 true P true N -true P true N
45 1 testP 0 2 testP 29 0 testP 2 0
3 83 testN 130 testN 6 97 testN 121
0.938 sensitivity' #DIV/0! sensitivity 0.829 sensitivity 0.182
0.988 specificity 0.985 specificity 1.000 specificity 1.000



an-paramyxo-mNGS

scientific reports o

Development of a
semicomprehensive detection
method for paramyxoviruses and
its validation using Indonesian bats

Dela Ria Nesti'2, Kyoko Hayashida', Tatsuki Sugi!, Wayan T. Artama?, Hery Wijayanto®,
Naoko Kawai® & Junya Yamagishi'™

N _ PWN/IC M _E__G L gene (6000-7000 bp)
¥_L_H HH__H_ H -5

Primer binding locations:

>
RMH: Respirovirus, Morbillivirus, Henipavirus wjp

ARbD : Avulavirus, Rubulavirus ’) 1
PAR: universal paramyxoviruses > 1
PNE: Pneumovirus, Metapneumovirus > > :

: Index-primer

semi nested PCR
(outer PCR without index, inner PCR with index)

sample #1 CTGACTGA [N GTACGTAC CTGACTGA NN GTACGTAC CTGACTGA [N GTACGTAC
sample #2 GTCAGTCA [ AGTCAGTC GTCAGTCA NN AGTCAGTC  GTCAGTCA NI AGTCAGTC
sample #3 ATGCATGC N TGACTGAC ATGCATGC I TGACTGAC ATGCATGC I TGACTGAC
sa‘mple #4 TAGCTAGC [ CAGTCAGT  TAGCTAGC NN CAGTCAGT  TAGCTAGC I CAGTCAGT

)
= Pooled samples of lllumina Bioinformatics
' | RMH, ARb, PNE Nanopore analysis

v

Tomohon
0/31 bats

Banyumas
0/25bats Banyuwangi
.“ﬁ 0/4 bats
A 3
Gunungkidul Nlﬁgngantlga .
2/22 bats Labuan Bajo
2/27 bats
Bat species: Detected virus:
A Rousettus amplexicaudatus -ﬁ- Pararubulavirus (PQ784050.1) -ﬁonhorubulavirus (PQ784051.1, PQ784048.1)
A Eonycteris spelaea Pararubulavirus (PQ784049.1) Orthorubulavirus (PQ784052.1, PQ784047.1)
Asp® Cynopterus brachyotis *Henipavir us (PQ784046.1)
a. b.
Tree scale: 1 —— Tree scale: 1 ———
NC00i921 1 Caqtne q/stemper e NC 001921.1 Canine distemper virus - - - - - - -
MZ318101.1 Henipavirus hendraense NC 075392.1 Sendai virus - - - -
KP271122.1 Cedar virus ey
: PR PQ784046.1 Henipavirus/T-NP19 (14989) - - - -
NC 002728.1 Nipah virus l:lC 002728.1 Nip(ah w'ru)s
— NC 025373.1 Avian paramyxovirus 3 MZ318101.1 Henipavirus hendraense - - - -
JQ743327.1 Parainfluenza virus 5 HMO044318.1 Hendra virus - - - -
FJ609197.1 Paramyxovirus bat/GH18/2008 KP27uzé 1 Cedar virus - - -
NC 006428.1 Simian virus 41 ) NC 025404.1 Achimota virus 2 - -
KY674948.1 Human orthorubulavirus 2 NC 004074.1 Tioman virus - -
NC 025404.1 Achimota virus 2 NC 025403 Achimota virus 1 - - I~
PQ784049.1"Pararubulavirus/R-NP19 (65513) pery NC 025350.1 Tuhoko virus 3 - -
a | PQ784049.1 Pararubulavirus/T-NP19 (66544) 84045 A
PQ784050.1*Pararubulavirus/R-GK019 (166) A 1 OrthorubulavirusiR- e
PQ784050.1 Pararubulavirus/R-GK013 (58184) A PQ784047.1 Orthorubulavirus/T-LB06 (3352) - -
- NC 004074.1 Tioman virus 0Q990773.1 Human orthorubulavirus 2 - -
NC 025403.1 Achimota virus 1 NC 006428.1 Simian virus 41 - -
FJ609195.2 Paramyxovirus bat/GH47/2008 MK423241.1 Parainfluenza virus 5 - - -

NC 025350.1 Tuhoko virus 3 LC685525.1 Mumps orthorubulavirus - - -

|P§784051.1 OrthorubulavirusiT-LB16 (32447)| NC 025373.1 Avian paramyxovirus 3
4
PQ784052.1'OrthorubulavirusiT-LB06 (51262 ”
LC685525.1 Mumps orthorubulavirus
NC 075392.1 Sendai virus




x &% : pan-flavi-mNGS

e E&

RNA purification

indexed pan-flavi-PCR purification

« QPCRICELBT HRE - BHEE 7=

e IOX M  RNAFERI500M + PCR 4001 + NGS 200
« TJIETAIINRLERITHTER)

« ftipan-group-mNGS & D multiplex{t, & AJ &E

o fAEFEEICMEITEE/N—FF—KD

Pierson TC, Diamond MS. Nature Microbiology. 2020



Strategy of pathogen detection using mNGS € ICEd
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|

1
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“Thigeted T L (- O T Random
.primers. frrr - C D o LLprimers.
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Unknown pathogens can be found by mNGS ¢ic S
SARS-CoV-2

Article

A pneumoniaoutbreak associated witha
new COl‘Ol‘laVil‘us Ofpl‘Obable bat Ol‘igin Data Table1). Asalaboratoryinvestigating CoV, we first used pan-CoV

PCR primerstotest these samples”, given that the outbreak occurredin

winter and in a market—the same environment as SARS infections. We

https://doi.org/10.1038/s41586-020-2012-7  Peng Zhou'5, Xing-Lou Yang'?, Xian-Guang Wang?®, Ben Hu', Lei Zhang', Wei Zhang', fﬂun d ﬁ\"E 5 Hmples o bE P‘C R-p gsiti\,re fﬂr CUVS. 0 nesa mplE (WWU*’-!-),

Received: 20 January 2020 Hao-Rui Si'?, Yan Zhu', Bei Li', Chao-Lin Huang?, Hui-Dong Chen?, Jing Chen'?, Yun Luo™ .

i y Hua Guo™, Ren-Di Jiang"?, Mei-Qin Liu®, Ying Chen', Xu-Rui Shen®*, Xi Wang'*, collected from the bronchoalveolar lavage fluid (BALF), was analysed by
Accepted: 29 January 2020 Xiao-Shuang Zheng'?, Kai Zhao'?, Quan-Jiao Chen', Fei Dengd’, Lin-Lin Liu®, Bing Yan', . I . . . . . d . f

Fa-Xlan Zhan', Yan-¥i Wang'. Geng-Fu Xiao' & Zheng. LI Shi'™ metagenomics analysis using next-generation sequencing to identify

potential aetiological agents. Of the 10,038,758 total reads—of which

1,582 total reads were retained after filtering of reads from the human

genome—1,378 (87.1%) sequences matched the sequence of SARSr-

Published online: 3 February 2020

a Saccharomyces cerevisiae CoV (Fig. 1a). By de novo assembly and targeted PCR, we obtained a
" killervirus M1, complete genome (52) 29,891-base-pair CoV genome that shared 79.6% sequence identity
—— o Glypta fumiferanae ichnovirus to SARS-CoV BJO1 (GenBank accession number AY278488.2). High

segment C9, complete sequence (36)

x. Glypta fumiferanae ichnovirus
= e segment C10, complete sequence (36)

Dulcamara mottle virus,

SARSt-CoV (1,379 o B It costs just 300 USD
but expensive for diagnosis...

complete genome (28}

Hyposoter fugitivus ichnovirus
segment B5, complete sequence (24)



SISPA based mNGS for agnostic diagnhosis

POC study using clinical samples

-~ -y

12 ASFV (+) 3 FMDV (+) 4 RABV (+)
20 ASFV (-) 5 FMDV (-) 4 RABV (-)
gPCR
ASFV
+ -
12 0
mNGS
0 20

180 Kb

:> P |:> comprehensive
RNA purification amplification by
indexed SISPA
gPCR
FMDV
+ =
+ IIIIII 0
MNGS
- 3 5

multiplex NGS

RABV

MNGS

detection

gPCR



SISPA based mNGS for agnostic diagnhosis

POC study using clinical samples

v i 1) 0 SN
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12 ASFV (+)  3FMDV (+) 4'RABV (+) A g;ﬂﬁ’gggﬁgﬁ"@ NG ot
_ _ ) purification multiplex etection
20 ASFV (-) 5FMDV (-) 4 RABV (-) - deved SISPA
/ \ viral reads (0.0035%)
. __________
@---======- & — - — N  @m==---
cDNA . .. [ ) e
.......... P & TIIIII L. @-—======--
N @ @-—--------
biotin @--——===—==- @---—=====-
Viral probe panel Hybridization Pull-down & enrichment @
. L . viral reads
« Provided by TWIST bioscience ITWIST 4%)
« Targeting 3,135 viral species P
* Accepting some mismatches then virtually comprehensive
k « Expensive / host




SISPA based mNGS for agnostic diagnhosis

POC study using clinical samples

- -

12 ASFV (+)  3FMDV (+) 4 RABV (+)
20 ASFV (-) 5FMDV (-) 4 RABV (-)
gPCR
ASFV
+ -
+ 12 0
MNGS
- 0 20
gPCR
ASFV
+ -
+ 2 0
MNGS

RNA purification

L |
¥ L o
L R T TR R

comprehensive
amplification by
indexed SISPA

Enrich viral genome
by probe hybridization

multiplex NGS detection
RABV qPCR
MNGS
gPCR

RABV

gPCR
FMDV
+ =
+ 0 0
MNGS
gPCR
FMDV
+ O
+ 0 0
MNGS

MNGS




SISPA based mNGS for agno

Enrich viral genome
by probe hybridization

further validation using clinical samples

H!;‘N;lnuu IO TR ]
!l i: |:> comprehensive

lu-"l

v’/’

12 RABV (+) .
12 R ABV( RNA purification amplification by multiplex NGS detection
indexed SISPA
with Twist without Twist
sample ID inex organ Ct value |Lyssavirus adenovirus papilloma parvovirus morbillivirus Salivirus  kobuvirus|Lyssavirus adenovirus papilloma parvovirus morbillivirus Salivirus kobuvirus
1 iFO1 siliva 37.7 0 0 113 5 0 0 1 0 0 3 6 0 0 0
2 iF02 siliva 29.5 5 0 0 2 1 0 0 0 0 0 6 0 0 0
3 iF03 siliva 25.7 149 0 0 6 0 0 0 0 0 0 1 0 0 0
4 iF04 siliva 29.4 2 0 0 2 0 0 0 0 0 0 3 0 0 0
5 iF05 siliva ND 2 0 5 3 3 0 0 0 0 22 0 0 0 0
6 iF06 siliva ND 0 0 0 2 2 0 0 0 0 0 2 0 0 0
7 iFO7 siliva ND 1 37 0 4 3 0 0 0 1 0 1 0 0 0
8 iF08 siliva ND 0 0 0 0 0 0 0 0 0 0 1 0 0 0
9 iF09 brain 25.4 65 0 0 2 0 0 0 1 0 0 1 0 0 0
10 iF10 brain 24.9 22 0 0 2 1 0 0 0 0 0 3 0 0 0
11 iF11 brain 21.4 60 0 0 1 0 0 0 0 0 0 1 0 0 0
12 iF12 brain 20.3 85 0 0 1 0 0 0 0 0 0 1 0 0 0
13 iRO1 siliva 26.7 6 0 0 3 1 0 0 0 0 0 2 0 0 0
14 iR02 siliva 29.6 5 0 0 2 0 0 0 0 0 0 0 0 0 0
15 iR03 siliva 37.3 6 0 5 8 0 0 0 0 0 0 2 0 0 0
16 iR04 siliva 314 30 0 0 3 0 42 0 0 0 0 1 0 0 0
17 iR05 brain ND 0 0 0 1 1 0 0 0 0 0 1 0 0 0
18 iR06 brain ND 0 0 0 17 3873 0 0 0 0 0 0 5 0 0
19 iRO7 brain ND 0 0 0 1 0 0 0 0 0 0 2 0 0 0
20 iR08 brain ND 0 0 0 171 0 0 0 0 0 0 24 0 0 0
21 iR09 siliva ND 1 0 0 0 0 0 0 0 0 0 1 0 0 0
22 iR10 siliva ND 0 0 0 0 3 0 0 0 0 0 0 0 0 0
23 iR11 siliva ND 1 0 0 1 0 0 0 0 0 0 0 0 0 0
24 iR12 siliva ND 1 3 0 33417 4 0 61 0 0 0 184 0 0 0




Challenge for unknown pathogen identification

sample

nature \19 SN B B - *1 r A ) -, e e
- e ,, ~ N
Explore content ¥ About the journal v Publish with us v Subscribe 2 7 - .
3
nature > news > article 4 . n
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The WHO confirms three meningitis deaths, which it says might have triggered 12 0 e - = — =
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The Nigerian health ministry has been told to investigate reports of deaths in the northeastern 2 2/2 2 We re p O S it ive fo r p eg ivi r u S - | i ke by m N G S

state of Gombe (pictured). Credit: Tolu Owoeye/Shutterstock



Challenge for unknown pathogen identification

nature

Explore content v About the journal v Publish withus v Subscribe ?g KP710598.1/Pegivirus C/Cameroon/2015
L— KP710599.1/Pegivirus C/Cameroon/2015
—— OR031220.1/Pegivirus C/Edo/Nigeria/2018
— 0Q791472.1/Pegivirus C/Edo/Nigeria/2018
— OR031219.1/Pegivirus C/Edo/Nigeria/2018
L—— OR031226.1/Pegivirus C/Edo/Nigeria/2017
[ OR031221.1/Pegivirus C/Edo/Nigeria/2018

nature > news > article

NEWS | 05 March 2024 | Correction 07 March 2024

s
oo

° o L] L] P .
[—— MN551064.1/Pegivirus C/Niger/2019
Menlngltls COUId be bEhlnd 373 L— PP783767.1/Pegivirus C/Denmark/2018 PY
I} ] ’ < ¢ KP710604.1/Pegivirus C/Cameroon/2015
— g
myStery l“I‘IESS reports in 74| —— 0Q791469.1/Pegivirus C/Edo/Nigeria/2018 w
5 5 4 OR031215.1/Peaivirus C/Edo/Niaeria/2018
ngerla —— PV548677/PEGIVIRUS C/GOMBE/NIGERIA/2024

The WHO confirms three meningitis deaths, which it says might have triggered | OQ791475.1/Pegivirus G/EdofNigeria/2018
100 OR031232.1/Pegivirus C/Ebonyi/Nigeria/2018
1

rumours of an outbreak of an unknown disease. o e
9 OR031218.1/Pegivirus C/Kogi/Nigeria/2018

00 1 OR031223.1/Pegivirus C/Unknown/Nigeria/2018
100 — OR031227.1/Pegivirus C /Nigeria/2023
¥y f 0 OR031228.1/Pegivirus C/Kogi/Nigeria/2018
100 10h — OR031230.1/Pegivirus C/Edo/Nigeria/2018
OR031225.1/Pegivirus C/Edo/Nigeria/2018

100 NC 001710.1/Pegivirus C/USA/1996
43 KR862312.1/Pegivirus C/South Africa/2010
NC 001837.1/Pegivirus A JUSA/1996

By Sarah Wild

. NC_034442.1/Pegivirus K /Germany/2013 )
98 |_| NC 038437.1/Pegjvirus | /Guatemala/2010 |

o ' NC 030291.1/Pegivirus B /Bangladesh/2007 *

NC 038433.1/Pegivirus D /JUSA/2018 | ﬁ

5 | NC 020902.1/Pegivirus E /JUSA/2011 {
NC 027998.2/Pegivirus H /USA/2008 | ’m
] NC 038435.1/Pegivirus G /Kenya/2010 | *
il NC 038434.1/Pegivirus F /Guatemala/2010
100 ! NC 021154.1/Pegivirus J /JUSA/2008 | @

NC 001477.1/Dengue Virus 1/West Pacific/1974

The Nigerian health ministry has been told to investigate reports of deaths in the northeastern
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How to reduce cost? maybe pool them but...
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Ultra parallel full-comprehensive mNGS

MNGS Screening Enhanced by a Group Testing Algorithm (mEGA)

test 2n pools instead of 2" samples

Diagnosis by mNGS Group testing algorithm
O comprehensiveness X comprehensiveness
/\ multiplicity O multiplicity Ultra parallel analysis
° ° i RESEARCH ARTICLE
,i‘ 'ﬂ‘ ,“‘ 'ﬂ‘ -f[  Group testing algorithm |  Pleae, mSphere
. . . . test 8 pools instead of 16 samples
w w w w - § Circular Whole-Transcriptome Amplification (c(WTA) and mNGS
; Screening Enhanced by a Group Testing Algorithm (mEGA)
SRV SEF-SRF SR ? § Enable High-Throughput and Comprehensive Virus
'ﬂ‘ '“‘ T 'H‘ i Identification
[ ] [ ] [ ] [ ] i
» i Patrick Reteng,? Linh Nguyen Thuy,® 2 Mizanur Rahman,® Ana Maria Bispo de Filippis,? Kyoko Hayashida,** Tatsuki Sugi,*®
ﬂ ﬂ ﬂ w ? i Gabriel Gonzalez,' William W. Hall, 2" Lan Anh Nguyen Thi,” © Junya Yamagishi*®
- i September/October 2022 Volume 7 Issue 5
% ﬁ % ? The concept has been * 44 samples of fever of unknown origin were analyzed
:”:f’;i;ii?; « DEN2, HBV and B19 were detected at once without prior knowledge

______________________________________________________________________________________________________________

» Scale up is needed for social implementation.



Up-scaling of mMNGS (n=512)

to enable 5%/sample and 2 problems found

@y
v

512 swabi.'

of febrile Nigerian patients

1000
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read counts

ETMV
HBAV

Pool into 18 tubes
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15 g -
B SARS CoV-2 MKIPyV
mCICUMuV  mCPV

RNA purification
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Whole RNA amplification

e

1 12 " 13 14 *

15 16 * 17 18

pool ID
HHV VienV BTV W PVYMV BTVCV
W PyMv B SAGY W Sars CoV Bat CoV

1. Bowtie to human
2. Blast to human
and virus
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e Tobacco Mosaic Virus (TMV) was successfully
traced back (confirmed by RT-PCR).
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e Obtained number of viral reads were limited
(5337/290M).
e There was a large bias in the number of reads
obtained in each pool, probably caused by

uneven PCR.



Improving sensitivity of mEGA

with a commercial hybridization panel
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» Provided by TWIST bioscience
Targeting 3,135 viral species
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viral reads (0.0035%)
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Viral reads were x1850 enriched by TWIST viral read enrichment panel.



Improving PCR bias

indexing, pool then PCR
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Improved mEGA

Analysis of 512 fever of unknown origin human serum
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Improved mEGA

Analysis of 512 fever of unknown origin human serum
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Improved mEGA

Analysis of 512 fever of unknown origin human serum
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Improved mEGA

Multiple positives can be differentiated by SNPs
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