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1. NGS FE/r4EEELE

B Akershus University Hospital B Hege Vangstein Aamot Z3%3k /148 NGS SE&HIEE
RETEE > WA ZEXR TIEHNERZ— - NGS Bl HE » KIERE T 2F
AR VI REIANECA « ZA7 » EHY NGS ZE4EHY DNA F ERE » DR e me s Asmis
HIENAG4EHE - IS =UEF (Third Generation Sequencing) » X EIf& % T HEAUEF
#5205 (Long-read sequencing) » HPHEEREEEME | EIEEE - HATERNALSAE
WATE * Oxford Nanopore Technologies (ONT) #1 Pacific Biosciences (PacBio) * ONT I/
U NEYEROKFLIE By DNA 43-FiB3BRI3E3E - & DNA WiE &5 [ emE Rt
BB EHeAIR B DNA F5IERE - PacBio AIRAI SN E (zero-mode
waveguide, ZMW ) $21iy - PNEAEIETFRL 248 R BEHIZR B 2k FLI R BRA 8 L3R 8% -
TEMB B REETE » 1B FPRILERERE -

PUF R EAUE S8 = FRIELES -

> FGRAGEENME ERE - ¥
RAEF | > HECEHEERRS - NIFF3 AR SEHHEAERE -
(Short-read | > ZFHH{EEE - > PCR #3 A] SETF AR SERAR K AR
sequencing) | > EEEUVEREEEIIR - SFMERIRE -

> AR B B KR4S -

> ERAEHAVEE | B{ERE -

> i PCR HESMHVSEERER

B=ZRERF > EEEERRE -
fRFIERRE » HEFF RNA R
(Long-read > BEHEE o
T H kO] DNA -
sequencing) > EEUHREENE -
> HDIERF (real-time) B41E
FaER -




T NGS FAaryBEHE - kBEFEMB T T ERE
(1) Analysis goals : VRABZERIE(TTE 7
(2) Sample type and quality * fRAVIREGAALE(TTEE ?
(3) Data requirements : {FFR 222/ V51 ?
(4) Budget and resources : fREE A EEE BASTHE s 7
(5) Turnaround time * /RATE L RAELGER ?
(6) Availability protocols and bioinformatics pipeline
RESTAE SR ENRE  BEFREETERY

EHE T RRE - T BRI Y NGS P4

Direct environmental and
patient samples

Cultured samples

Single or What do we
mixed want to
strains? know?

Microbial
profiling

Microbial profiling and

Single functional analysis

Sweep Shotgun metagenomlc
Wes [ sequencing® 193078 sequencing

Which
sequencing
technology?

Closed genomes or High accuracy reads

real-time analysis



2. ERFERZEMERIEE

£
ERFE (https:/usegalaxy.eu/) » B SEEYEINSHTE »

SV EMEAD T EREFNREF RIS E S « B8 Galay BIkEE

R (B RE B IR

[ERERTER AR E R -

Workflow Visualize Datay Help~ User~ & 352 A

= Galaxy Europe

i [T

Upload

URL or upload

m disk

Search activities

e
User Preferences |
{ g

¥ LI Interactive Tools

Displays currently active interactive
tools (ITs), if these are enabled by the
administrator,

Workfiow ’
Invocations
¥ & upload
2] . Opens a data dialog, allowing uploads
Visualization | 1rom URL, pasted content or disk.
& || T/ Tools
it 4 Displays the tool panel to search and B
access all available tools.
@ &h Workflows
Hisiory Displays a panel to search and access = |
Multhview 0
workflows. i

s B ETE (quality control) » {&EE
FEBE AR

a1 — S SRR E BRI ESST -
(trimming) {KABHYF X » WHEITAHEE (assembly) FIEFEIEE - JEE 4E4T

LrN .
E T

FAS.TQ f'k.es R Quality control
(lNlumina paired- > (FastQC)
end sequenced) 1
~ Trimming
(Trimmomatic)
Assembly
(SPAdes)
Assembly ’Species
assessment ,identification |
(QUAST) _(KmerFinder)

v

High-quality Klebsiella pneumoniae genome assemblies

4




(1) =EEE (Quality control, QC)

EHETERDZ A REEN—S R EREREE - SEEEiERr

Garbage in, garbage out”

» R BHER R GEER RIVOHTEER o B lllumina €

FERl B o (i A FastQC ERAS T AR BhERFIEHAE P IRY B AT -

QFastQC Report

Summary

@ Basic Statistics

@Per base sequence quality

@Per tile sequence quality

4)Per sequence quality scores

@Per base sequence content

{  Iper sequence GC content

Per base N content

Sequence Length Distribution

T T T . e
ufﬁu[ AT ;

Quaity scores across af bases (Tlumna >v1.3 encodng)

- —{}—
™
L ik 4
N 1
CH i
LIN
L N ATt
5

|

L

t 2345678609101 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 20 29 30 31 32 33 3¢ 35 26 37 38 39 40
Positien in read (bp)

> Per base sequence quality

Per base quality 37 &5 SR EHE FFITE EHE A BN mE B - WWLREIE =

o ALEATR P o B E SR 3nrYanE S - R E P EeRrY
ArESEE T  SHEEENBEEEREDIT T HAZEIREER - Per sequence
quality # & RIEREEFIINEIRBESBOME - WREFHERS > 21
et AEAS (IR SE &I © Per base sequence content 2 BN (El IR A BHY
ATCG &8 - Biif b - &Pt R LRI % - U ERA S BB -
Per sequence GC content ¥z &8~ GC & &R TAE » B RE R 1R » 4L&R (X
FEEHIBER - QIRASREEGIUEIEE - BTEEREEATFEE
B804S - Overrepresented sequences #7255 HFE RS 2 - B o tH BUSAER
il 0.19EIFEF » B HI Y R EERIRINEES - &ie EiRE > WL
BB AT B A 2 A R RE R 5 i B R LR
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(2) fEES (Trimming)

HARMERREREFER T ERESENFY  J-EES N THyLEtE
M o B Illumina EFFER BB > (£ Trimmomatic #i#g 7] EAURBIEMMERT AR
SERTESEFS (40 adapters ~ primers) ~ {EAEAVERE: @ DU RERFY] - 2
B4 09 EF AR A AP RE F FastQC #REGHEHEFPF IRy an B 474 > A H A
MultiQC BXBSFI R daH 2 ThLIR » RGBT IEIERY A L -

Barcodel Barcodel
O

Barcode2 Barc/odez

S SRR
s S Gy
) .
R

High-quality biological sequences

(3) 4HZE (Assembly)

BB MTEHEET B E P B RHASE RGPS (contigs) @ ZREEZERIVAR
g o 1) Tllumina EFFERBE] > (£ SPAdes #Ag AT LA BI B MTIRHE IR HYE 7
EORIEERR contigs - B2 0] DA A QUAST $kEEZIE Tl 4R AR 5 E » B 382 contigs
WE - EFEE - YR NSO/NO FEHFEIEE -

/b8 contigs HE ST AR B SERSHOARLE - TIARSHT contigs BB BVRE
R » AR A S ER R P RS EE
I A B TE R PP BN S 5 188 TE TR th 7 -



EFEREZATA contigs BIREEMER » MBRMRELTEEFRMERG - ft%
FIREAIAR AN e R | MARMILTRIIE RS RER » RITTSEEETL - I contigs
BRIGRERREVNERT - ERBREETERRE S0% 0% » $HRERIFHRE contig Ky
RERIR NSO » BUEAARRAHSES BT 5 NOO RIZ Bt B4 R 00% B
FERV R BRI - [FIRERBL T SHEEH SE R -

QUAST

Quality Assessment Tool for Genome Assemblies by CAB

View In Icarus contig browser

All statistics are based on contigs of size >= 500bp, unless otherwise noted (e.g.,
contigs).

—— mswzms @ show heatmap
Worst  Medlan Best

Statistics without reference ~ 18489_5_27_fasta ~ 18489_5_29_fasta ~

# contigs 91 92

# contlgs (>= 0 bp) 91 92

# contigs (>= 1000 bp) 82 84
Largest contlg 367753 340669
Total length 5622430 5624775
Total length (>= 0 bp) 5622430 5624775
Total length (>= 1000 bp) 5616472 5619369
NS0

NS9O

aulN

L50

L90

GC (%) 57.22 57.22
Mismatches

# N's per 100 kbp 6.92 8,73
#N's 389 491

¢4 BEEEE

12 I SESE R E P R i 2 E A TR DR EE s T LR » TTLAGE
FEETARE (DTU) FrAsdnyss _EYfEsE & T B KmerFinder (https:/cge.food.
dtu.dk/services/KmerFinder/) » 131 ¥ FASTQ/FASTA BRI EFTEL Y » T YfE -

Center for Genomic Epidemiology

Home Publications Contact

KmerFinder 3.2

5 A L1 Y 50 B (R R B R A 36 — P B B R S B A AR s oo AT -
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3. [HIYRIRREIE

o Bk EREVAE IR E B E FITE A RIR AV BT - ZEEBREE Akershus
University Hospital BI#74 FAERF (NICU) o » 7 2 #HEPEZ2E] 3 Bl Ertapenem H1
sEpE T B H IR B (Klebsiella pneumoniae) 5 [FERTMIRENG, B¢ Lo AL 1T
1% SIFTA R A ST T E(EER - MIRE T KB REAEAR - E{TE RN
SN 5 AP REE R ARARE - BIME 2 [EEREA R R E AR R E
Rrgis e o bl 10 (ESEREEEA R BT EF O FAGHEESRE F—HE
g > A B BIETEE AR AR ERFREH S0 (Centre for Genomic Pathogen
Surveillance, CGPS) Bi&5HY 7o 4 E FIF2 2\ Pathogenwatch (https:/pathogen.watch/) >

R e SRk =il
(1) EREI

L BRI FASTA #8%€ H{H % Pathogenwatch 48l » (T AL EFF1 538

( Multilocus sequence typing, MLST ) &5 IR R EMFFIEL A (sequence type, ST)
S - ZRBAHREIEREN Y ET oM - B g B rERE e - B
B LR T EGERMER T R ERERRRR (RAV 2T

]
| a
| s
s 1
B Typing A s . " 5 ekt | Map c & CO-BY-BA, kmogary
MLST -Pastest COMLST CLASSFICATION INCTYPER MLEBORATE
4] ST PROFUE COMLST  LINCODE SUBLINCAGE  CLONALGROUP  ING TYPLS. e OLOCUS
BB 1874122 W7 34617438 1637 0019704750000 147 147 IncFIB(K); InCFII(K); IncHI2-IncHIZA repB(R1701)  KLGA (wzi6d) K64 ovon a2
B8 1oz w07 4125007 9 0.0.369.0.0.0.0.0.1.1 307 307 IncFIA(PBKI0EB3), IncFIB(K), IncFII(K). IncR KL102 (wzi173)  unknown (KL102) 01/0242 O2alg
B P reass33 25 33100.079 1725 0010560033000 258 258 CORNAL, IncFIB(K); IncFIB(RQI), INCFII(K) KL107 (w2i154)  unknown (KL107) o022 0rafg
[ B 1eess27 258 3310079 1723 0010560033010 258 258 COIRNAL, IncFIB(K), IncFIB(pQil); IncFil(K) KL107 (vzi154)  unkagwn (XL107) ovonz Onfg
B I3 9409529 258 33101079 1725 0070560033000 258 258 COIRNAY. IncFIBIK). InFIB(pQ). IncFII(K) KL107 (wzi151)  unknown (KL107) 01022 02y
BB raeosa 25 33109079 1725 0010560033000 258 258 CORNAY; IncFIB{K). IncFIB(pQil). IncFIl(K) KL1OT (wei154)  wiknown (K1107) 01/022 02alg



(2) BrlELLY

BE BT E PRI E— S R E SR R TEEY - DRI RS
8451 ST258 R » AR 2020 B 2023 FF48 5 HEIEAM ST258 HY5E M EC At
HEITELENR - W MG HTATE LA -

H+

DATE COUNTRY colL 1soL HOST
anznuoz 1s1January 2021 USA 20210101 spulum Human

> [FEBRR » BIE A B LBk -
A RERIERR - TS B RER %
BATHY By 2021 FESEERSE & 2 Btk

> FIEEREAM ST258 HYFEEH,
A 3R B HET T LA RS B -

BB HETIN S - STRES R REE RIS
Pathogenwatch HYEGRRS ~ FRAE > UK T —HHIEIHRSE - I LESARE - BT
WEE R EIRRE  [RETREREEGESN - 2RI RETRRIIE
HYEREEEES » BAERRENFTEER » EEEEETREERE -

> HETENTTBE R LB wE -

10




4. EEEFREZE (Transcriptomics)

d g A B S SE A A ch AT AR B AT RNA > BB — (B PR s S AR Aridiesk
i RNA > #8 R "RNA EFF (RNA sequencing ) » fBELZ T @ E&HVERREL Y
fE42; C-reactive protein (CRP) ~ BErythrocyte sedimentation rate (ESR) LA Procalcitonin

(PCT) %5 - TERVIEZ ISR AT EMAHRRE -

DR A 3 A SR AT 38 B Bl > T RIRIA T AR 2 3R M A (K - [ELIESE
S T B AR W E 2 MAZER - 8 A EESERI 2 R E VTRl > A Y]

e s EE R AR EAE R - BRIfE ERIE (host response) BEEkHHAYAYIEIRELL
B B T T IR T T BE SRS AR SR M B AR I 25 TR A - ZRIZGER
Bt ch S A 454 28 [ 4 (Fatty acid binding protein 4, FABP4) ¥TAF#0 € Ry BB E &
2 IR R T AL S 1S - FABPA RE#sREN EGATRERVIEEIERE - 285
% T RESS > T TR 8 RLA % B FABPA RREEREE & - VR IR/
SSE R D AN BT AEREFEH o 559ME The Immunophenotyping Assessment in a
COVID-19 Cohort IMPACC) 5% -h 3555 - # G AG 22 AT IR BhE M7k E] COVID &
AR > F4E SR AEL LR SARS-CoV-2 viral load (PCR Ct value) » B ATEHE
SEFTESH] COVID-19 5 B AYTH%

DU 06 PR G B 220 B A S A (B R A GRAES -

{EH R ES
F B E HIEDIHYRIRE -
> T DAE FTE & B R AR R E Y REBCEERE DDA B R R -
ez - > R RRIRE TSN -

> iR ET2ERITRRTEN - > ERREEATERACOR(F RNA
R R T A -
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5. REKEZE

BEZRBE A5 (Artificial intelligence, A) FIHESR583 (Machine learning, ML) &
s e oK E AT L EREEH A2 University of Zirich BY Adrian Egli » B BT822
EVIER o ALSE ML HRRAER R EFSEINE TRRRENAE  E5EE
—hiatEREE R Al BB R SEAF(E(REE - BBI2R - B AT S B H i
REBIHREFERSE B BT ST 803 H 8 4 T RE o B S T (B A B R AT 7
R o RELTERRSE ALRBHER MG B EIIEIE -

BT ATE2Z ML 7£ NGS B » BIRAREL ERFS RS AR (Pre-analytics) » STERE
53T (analytic) ~ S3#71%%38 (Post analytics) * FEHTAT » ASESHEE! (large language
model, LLM) FJRERT AFRHEEMT—Lhidst - WAEKRMEER - EEAREER -
DNA ZHIFJEIH « NGS FEHVEHES - BEESHIBET - ML TR BUH
EFTHRTERGTHENE:  FRAY (genotype) BAKFKIRAY (phenotype) Z FIHIBHEHIL -
AR REHNERE (Minimum Inhibitory Concentration, MIC ) & « 43714 » Al 5L
RN SE B BB - WEEBNEERASE -

Adrian Egli 2%tz T — G B AP BRI & LA BRI S M4 Y Al SRR S
= .
(1) B—F + THERK
B IR IR R R AR AT RIRE DL R A S R B A 3R B B s e A
RERY RIS AT -
Q) F=F - BIREVERE(L
TERRIL ATTEELZ Y » AR RO TR - W54 FAIR JRA © TTHY
1% (Findable ) ~ T4 (Accessible) ~ #/EFL3EM: (Interoperable) FIAEE
{fEF (Re-usable) * gl EEHEA SERELAVELS -

12




() B=F ¢ BENEEEREE
B REHIHIE & BEIZRBAEIR AT - 4 e AR ERIEAR
R MR TR EVEE -

@) HHF : ASTHE
4 R —(EH S B RS TR E TRERE Al BAE - RIRZEET S A R
FEHT A B ERELREN - RIIL - H#EB) Al SERYRASEERN E M AL {EAD Al
WE - BRI E L -

6. EFEITI

BT AN BARIEREIAR » Fth S e RS T A TAF
HESERIRZE « SNRACBIERN A IERAE - AR TG HIZEEEER
BB B  AESREE LS EISUR L S FAVIE -

> Matthew Flynn /2% B HYH SR 846 -
it 3B AR ST 2 5 48 FeverPAIN score 28
SHEEZ R R AR AR E S EEZ
ETPUER - 55 THE R FeverPAIN
score » B] BURZD 30%MVETAEZEHE » T
BB RZER » EIRERA BN
SR B - Matthew BEREERIAT
JKERE NGS HIHEREITE - R AR
R SRRV ST -

13




> Austin Yan Z0ZEARHYRIZFIEEET > [H
Rpth e S ERHIB RS A - il =y
W E ARSI E MR EBRR (BD,
Inflammatory bowel disease) ¥ B AIFHLE
I (microbiota) #k » MARFIZEY)Z
EIHYZZEEF - Austin B RI{RHELE
University of Ottawa #E{EBEERHAE ) -

» Kelvin Tsui 2 F A EAH S BT
AN PE TRV ERIEBATLEER
NGS iEaeyEM - WIS E T JeRl
M E RN R ER A< K22 The Peter Doherty
Institute for Infection and Immunity #{EH%

R R -

> John WA Rossen & iE R TIESHIE
& RN R YA E IR 2
SRR F2ET/ N
(ESGMD) HYRIfEESE » BERFEREE
RIS - SRR B R PR WA M2 AT
INFLEAESRIVER » ORI
iz ~ JUERDUEEA R EE IE
T o FFE B LT B R TAEHEEE -

14




—_—

L=

RO ER R M (E R R G PR R RERNER (NGS) TIEY5 [EE T 2
BT HASHEE -ANSHER - #EMEEZESEL 2L 14
T NGS HIBHEAMT -~ HIFefitess » WEBEEEGIR AL NGS fVEREGT - mEZ
& D R A EEYE LAV BB ERTIEE RN o BN > RS T 0
FIFE NGS Beiem SUEIURATIRS - BMERT N EREE  BRER T ATEEERE2E
ERHAREFPIER - EMEMRIESRT - BEMFRSHELLSIIERAES
17 HEREL T T B 0 IFE SRR EERE RS HEED » EES -

IILJ

B8 NGS » Fr RSB EAVERIRE R E A - et a2 E LA - [HA4E
HBRRE - N FLINE AR RIS AR Bl - e HRER - B tBE T =illEE
HYAEESRRZEE » B EMMIENEEE NGS tHRITEIZRY A ER DL S PR, - H P g SR e
%I|H92: Kira Waagner Birkeland B985 » FE2EMEAITAVIEE E H & GpkpiE - 27
Don't work alone. Unity is strength.”  « & # I HEHANE » B DI EE S HIEE DU AT RS
stah o BRI E RS » RO RE

FEREHIRT » BRT SEEES - FEEERN S EIER - €45 b1
BEANSERBEFREMR » SMUBREAFETEFRRTHE - A~ FEVEEFE
5l - FEBEE EAIER > ] AR A PRER > W PSRN E - FEER NGS TIEY
b BlEERE RAEREE - - TEYE - MAWE - EWEASE - AREESRERE
WEFREE A AR ESTRINAAIFEAEE - MERAST ST IR BRSO
ERRAER o E— P RERIHI e S (R -

RV B A MR AR T4y FMIRAIAE S E N S R AE - 28T > BE
pA I B AR P EAEE THES - ZAIHEMRSNATEE AR - i NGS 89
i » FMIER BB T I HREVEL - 725K NGS LIES & » NMER R EZEEE -

15



BRESERNEYEREE—ER T NEEHE - SRS RS ey
PRI MRE OV N EHR AR - BT B TR AR B RS A0
FERFRIRFHER T -

16




g ~

BB (EENCEER)
SEERGHEET T RSB R AEETIRE - WHIS e A R FERILE R -

¥H5A B FTRL AIAVEREAICEE R - DT REIAEIEE -

(—) BT 2EEEER (Whole genome sequencing) “F&
T 2 EEAE VAR BRI B E B IR e R A ERNE
% o EIEE - PUEEE « DUk TE ERIEE = REIREA A SRR > BRTE
SR ERH RS E RN 4N ERARAREIRIVENT ST - B8 £ EMHRRY
A ESAE L R B SR AR SR R RSB AR SR T 1R - MR EREREE 0T Hne
EBEREEER HEESBELMRNZLIE - WRBHRENBTELEERN
EFRYEEST - NERESERRRITZTRD A R IR At B RIRFHYSTRy - tEbiNAimie s
R IR =R A BRI YRR SN

i

() FEEETIMAEYERE (Antimicrobial stewardship) FEJJI

b T L TR AR R EE TS RN T R T B s
MERGHIFIES AV EE M - S EHIEEMEMAY) (Multidrug-Resistant Organisms, MDRO )
HIH IR 2B A IR A E APREL - B E YR PSSR B 2K B R A AR 28
SIS NRMETTSEER > TS Se B R o] RE I 1 /K P E N AR S e VR (g - B
et Ch I LA Y FREHE (ASP, Antimicrobial Stewardship Programmes ) $f4%

MDRO HI{EB AR E - 2IRAFLBRAZEFNHIREYERETE - IRy
Hospital Universitario Virgen Macarena #t@H -z — - BIEWIA L ARG o] LIATEEH

2 AT e e ERGT - Eiifg > REERmAs ek A

(=) FrEEguR ¢ B - BRI
et TR T B B R B RV E M - R RREE 0 5T
wEEYE > AR ABHEERS  WABBRBERE - AFERNERETR

17



%~ FIRADREHME - MIE - BAEMRERESER » S%Raf AEas)
VIR S EAERA - WE AV ERMG R I RHR - SINERAEYENEL - BF
BERE > BN EREBRRBEIBR - S0 T 5T B LR R R £ R
Wi EZRRVER - BEREIUSERBERF TS TUEBER M M BE 5
TAI2EEE Y] - WMEIRAEHAEETTE - BEEIIROEERR - thy558E
WENZEEE -

() SRR B S ERATE » SRR E AR I B R & VR s

G5 LNBEARERA AN ERS & » BB SNREE AP
TR T SRR E AR ER - BEEHEON - FERE THRE » SRR
FIESTER P EETRE - FRRSE IR E B B0 - BILER » RIThEREE
RIBERISTERHSIBE TR BRI HTRI TSR & (E 3 E AR - 15351
RENRER TS SR EAR > BEEEBN RS FRE RS EE - HHEr
ARIRRESIEBNELE TR AR © EBES AN ERS(E - SRS 25
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ESCMID Postgraduate Education Course

The Future of Infection Diagnostics: A Comprehensive Guide to
Next-Generation Sequencing

02 - 04 September 2024

Attendance Certificate

This is to certify that Hslen-Po Huang attended onsite the Hybrid ESCMID Postgraduate Education Course “The
Future of Infection Diagnostics: A Comprehensive Guide to Next-Generation Sequencing” which was held in
Larenskog, Norway from 02 to 04 September 2024,

EACCME® credits

"The Future of Infection Diagnostics: A Comprehensive Guide to Next-Generation Sequencing” Larenskog,
Norway, 02/09/2024 - 04/09/2024, has been accredited by the European Accreditation Council for Continuing
Medical Education (EACCME®) with 15 European CME credits (ECMEC®s). Each medical specialist should claim
only those hours of credit that he/she actually spent in the educational activity.”

“Through an agreement between the Union Européenne des Médecins Spécialistes and the American Medical
Association, physicians may convert EACCME® credits to an equivalent number of AMA PRA Category 1
CreditsTM. Information on the process to convert EACCME® credit to AMA credit can be found at
https://edhub.ama-assn.org/pages/applictations.”

il ive educational activities, occurring outside of Canada, recognised by the UEMS-EACCME® for ECMEC®s are
deemed to be Accredited Group Learning Activities (Section 1) as defined by the Maintenance of Certification
Program of the Royal College of Physicians and Surgeons of Canada.”

Organizer

European Society of Clinical Microbiology and Infectious Diseases (ESCMID)
Aeschenvorstadt 55, CH-4051 Basel, Switzerland

Phone: +41 61508 0174

E-Mail: courses@escmid.org

Website: www.escmid.org

Best regards,

Gabriela Albornoz
ESCMID Education Coordinator
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