2 TURK KLINIK MIKROBIYOLOJI VE

= INFEKSIYON HASTALIKLARI KONGRESI

Infeksiyon Hastaliklarinda Tani1 Yontemleri ve Tanisal Yonetisim

Hedefe Yonelik Hizli Molekuler Yontemler ile
Metagenomik ve Yeni Nesil Dizileme (NGS)
Tabanli Tani Yontemleri

Dr. Mert A. Kuskucu,
Koc¢ Universitesi, Tip Fakiiltesi, Tibbi Mikrobiyoloji Anabilim Dali
Kog¢ Universitesi, Is Bankasi Enfeksiyon Hastaliklari Arastirma Merkezi (KUISCID)

29 NISAN-3 MAYIS 2026

ROYAL SEGINUS OTEL, LARA - ANTALYA




"Enfeksiyon hastaliklari denildiginde siklik sirasina gore akla gelenler ile bir
kelime bulutu olustur"

Klamidya
idrar Yolu Enfeksiyonu PNOMONI
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Alet Cantasindaki Pek Cok Alet;
ve Yeni Kavramlar;

RNase 1« Primy 1 contaning T7 promotor

WA Ao —— ) Primer |
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Preparatlon l Distribution ] I PCR reaction ] I Readout ]
~ OO0
" 0000 .
b Q000
*O®00
gDNA, cDNA, RNA, Sample partitioned @ Positive reactions Absolute
plasma into many reactions @ Negative reactions  quantification

I HAVENT A CLUE WHAT IT
DOES, BUT I DON'T KNOW HOW
1 MANAGED WITHOUT IT.

Spektrum

KOMPAKT

iber uns verratel




Son sozii basta sdylemek...

amemaan  Journal of
=4 Maosower Clinical Microbiology”

Implementation of Rapid Molecular
Infectious Disease Diagnostics: the Role
of Diagnostic and Antimicrobial

Stewardship the microbiology laboratory tngy is exce.edmgly ‘faced with
a superabundance of academic information and pressure to
Kevin Messacar,>® Sarah K. Parker,® James K. Todd,® Samuel R. Dominguez® perform eXhaustivel expensive, Cllnlca//y irrelevant [testing]’:

which, when misguided “misleads physicians into erroneous
diagnosis and inappropriate therapy”.

“more practical, economical, clinically meaningful approach”

The clinical microbiology laboratory is in the midst of a diagnostic revolution.

Messacar K. J. Clin. Microbiol. doi:10.1128/JCM.02264-16



Ne Yapardim, Ne Yapiyorum, Ne Yapacagim?
 [Wnem  [Avantgjln _________|Demwantajln

Klasik Yaklasim

Boyama Yontemleri
(Gram, EZN vb)

KUltlr Yontemleri

Serolojik Yontemler

Hizli Ucuz

Cok sayida 6rnek ¢alismaya uygun
Ucuz
Altin Standart

Akut enfeksiyondan sonra tani
potansiyeli
Ucuz

Yuksek etken yuki olmadikea
dustk duyarhlik
Diasik 6zgulluk

Antibiyotik ve antifungal
kullanimiyla sinirh duyarhlik
Hassas organizmalar icin sinirh
hassasiyet

Viral testte sinirli kullanim
Ozellikle aside direncli bakteri ve
mantar kulturlerinde sonuc¢ almak
icin uzun zaman gerekli

Akut enfeksiyon sirasinda negatif
olabilir Humoral bagisiklk
yetersizliklerinde yanls negatifler
Yanls pozitifler



Enfeksiyon Hastaligi Tan;
Ne Yapardim, Ne Yapiyorum, Ne Yapacagim?

Hedefe Yonelik PCR Basit Hipoteze baghdir
Hizli Her zaman calismayabilecek
Ucuz primerler
Kantitatitasyon yapabilme Genomun ¢ok kuguk bir kismiyla

sinirhdir
Coklu PCR Hizli Birden fazla amplicon icerdigi icin
Yeni Klasikler Birden fazla organizmayi tespit gorece olarak tek hedefli PCR’lara

edebilir gore dustk duyarlilik

Primer baglanma bolgesi
mutasyonlari nedeni ile yalanci
negatiflik

MALDI-TOF Yuksek 6zgullik Kiltlrde Uremis izolat gerektirir
Kaltur sonrasi hizli



Enfeksiyon Hastaligi Tan;
Ne Yapardim, Ne Yapiyorum, Ne Yapacagim?

Yeni Yaklasimlar

Klasik Dizileme icin
Hedefe Yonelik (16s,
ITS) Universal PCR

NGS icin Hedefe Yonelik
Universal (16s, ITS) PCR

Metagenom Analizi

Gorece Ucuz
Steril viicut sivisinda tek patojeni
saptayabilir

Steril vicut sivisindaki patojenleri
saptayabilir,
Coklu test olasilig

Hipotezsiz veya tarafsiz test

Yeni veya beklenmedik
organizmalarin kesfi

Kantitasyon potansiyeli
Genomun herhangi bir bolimuni
tespit etme yetenegi

Konak ile ilgili bilgi saglar

Yuksek etken yuki olmadikea
dustk duyarhlik
Cevresel kontaminasyon egilimli

Yuksek etken yuku olmadikga
dusuk duyarhlik

Kantitasyon olasiligi

Pahali ve zaman alici
KGtliphane hazirlamak karmasik

Pahall

Zaman alici

Tum genomlar i¢in veritabni
mevcut degildir

Cevresel kontaminasyon egilimli



Hipotez; Olamak ya da Olmamak...

Hedefe Yonelik Hizli
Molektuler Yontemler
Coklu Test Formatlari

Yeni Nesil Dizilemeye
Dayali Yaklasimlar
Metagenom
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METAGENOM

Bacteria

o

-
B~
C

.

. i

W
-y

Viruses
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Unbiased and Hypothesis-Free



Metagenomik Tani Yaklagimi

Konak Faktorleri

Steril

Ornekler plotal

Ornekler




Metagenomics to Assist in the Diagnosis of
Bloodstream Infection

Alexander L. Greninger'” and Samia N. Naccache?

Preanalitik

Analitik

Postanalitik

e Normal cilt florasi

e Antibiyotik kullami

e Gecici bakteriyemi

e mMNGS dogrulamasi icin kullanilan fazla numuneler, steril olmayan kimya veya hematoloji bélimlerinde
teknikler

e Reaktifler (6rn. ellisyon tamponlari, nikleik asit ekstraksiyon kitleri, enzimler) sirasinda kontamine
olmustur. cevresel viral, bakteriyel veya fungal kirleticilerle tGretim

e Kullanicinin normal florasi veya potansiyel patojenlerin yayilmasi (gizli solunum veya ishal virtsleri)

e Ekstraksiyon, ters transkripsiyon, zenginlestirme, kitiphane hazirligi sirasinda ¢apraz kontaminasyon
e Onceden olusturulmus kitaplklarla capraz kontaminasyon

e Ayni barkod semasini kullanarak 6nceki calismalardan sizma

e Ayni calistirmada farkli barkodlardan indeks atlama

e Bildirilen patojenin kontaminant mi, normal flora mi yoksa kandan gelen bir patojen mi oldugunun
belirlenmesi



Mini Review

Highlighting Clinical Metagenomics for Enhanced Diagnostic
Decision-making: A Step Towards Wider Implementation

Jessica D. Forbes **<, Natalie C. Knox €, Christy-Lynn Peterson ¢, Aleisha R. Reimer “*
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ORIGINAL ARTICLE

Diagnosis of Sepsis with Cell-free DNA by Next-Generation Sequencing
Technology in ICU Patients

Yun Long,™* Yinxin Zhang,”““* Yanping Gong,”"** Ruixue Sun,”"“* Longxiang Su,* Xin Lin,"**

allﬂl, DI

Strain identified
BC NGS  BC and
Type Pathogen (+) (+) NGS
Gram-positive Enterococcus faecalis 2 1 2
bacteria
Enterococcus faecium I 3 3
Lactococcus lactis 0 1 |
Staphylococcus aureus 1 2 2
Gram-ncgative  Acinetobacter baumannii 2 1 2
bacteria
Aeromonas hydrophila 0 1 1
Bactervides fragilis 1 1 1
Citrobacter freundii 1 1 1
B - -
T Escherichia coli 0 1 1
ali f . ) = 0.013). In additi i virul Klebsiella pneumoniae 1 3 3
cqu lty 0 pl'OpOl'thﬂb (p — U. ) n addition, VIT< Pseudomonas aeruginosa 1 2 2
pathogens including CMV, EBV, HSV-1 and human parvo- Fungi C:aldida albicans I 0 2(')
T 11 17

virus B19 were identified in 14 samples by NGS. Combined




Clinical Metagenomic Sequencing
for Diagnosis of Meningitis and Encephalitis

M.R. Wilson. H.A. Sample. K.C. Zorn. S. Arevalo. G. Yu. |. Neuhaus. S. Federman.

A Screening, Earcliment, and Follow-vp B Study Sites

442 Frsests wew iienied
A

C Protocol for Metagenomic NGS Assay
Clinical Laboratory Sequencing SURPI+ Computational Analysis

Subtract

Receive Isolate Construct Generate Filter for human Detect Report results
sample DNA and metagenomic sequence high-quality background pathogens in EMR
RNA NGS library data sequences

sequences




A Established Diagnoses in the Study Patients

Metagenomic
NGS only (N=13)

Both (N=19)

Conventional
testing (N=26)

B 57 (27.9%) Infectious




Konak Faktaorleri... Transkriptom

H Infection MW No infection
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nature microbiology

Article https:/dol.org/10.1038/541564-022-01237-2
Integrated host-microbe plasma
metagenomicsfor sepsis diagnosisina
prospective cohort of criticallyill adults

Whole-
blood
RMA-seq

Plasma
RNA-seq
DMNA-seq

Patients admitted from ED to ICU and enroled in EARLI cohort 10/2010-01/2018 (n=1,261)

¥

Patients excluded from analysis (in = 940)

* Mol hypotensive at enrolment

* Mot mechanically ventilated at enrolment
*  No whole-blood PAXgene tube collected

Patients who were hypotensive OR mechanically ventilated at enrolment AND
had both whaole-blood PAXgens tubes and plasma collected (n= 321)

Sepsis adjudication

* Temp =38"C or <36°C

Microbiology Sepsis study group

* Heart rate =80 Clinically

* Respiratory rate =20 n.f:;:g;;t‘m Other positive micrabiology

P s e B
Mo evidence of infection MNo-sepsis
Unclear infection status Indeterm

Whale blood: (RMA-seq) | Plasma: (ANA-seq + DNA-seq)

QC to remove RNA-seq samples with <5 x 10" transcripts

Host sapsis
classifier

Mo-sapsis (0= 92)

n=221

Mo-sepsis (n = 37)
n=110

Wiral classifier

n=129

Viral classifier
apsis®™ [n = 42)

Pathogen Integrated host +
detection microbe model

* Host score =0.5

* mNGS pathogen +
microbial mass >20pg
* Viral score =0.9

Rules-based
pathogen model

Mo-gepsis (n = 37) Mo-sepsis (0 = 37)
Sepsis™™* (= 19) Sepsis™®™™™ (n = 19)
Indeterm (n = 9) Indeterm (n = 9}

n=138 n=138



Neutrophil degranulation

Innate immune system

Regulation of complement cascade

Immune system

Hyaluronan uptake and degradation
COPIlI-mediated vesicle transport

Golgi cisternae pericentriolar stack reorganization
Activation of NIMA kinases NEK9, NEK6, NEK7
Protein repair

Translation

Signalling by ROBO receptors

rRNA processing

Regulation of expression of SLITs and ROBOs
Olfactory signalling pathway

Selenoamino acid metabolism

Eukaryotic translation initiation

T
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sepsis
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Normalized enrichment score

True positive rate

®
Normalized expression

True positive rate

1.0

1.0

— GV aplits, AUC = 0.81 (0.05)
Validation split 1, AUC - 0.82

10 lidation

AUC « 0.85 (0.02)

0.4

T

T
0.8

0.2 0.6
False positive rate
0.047 0.047 0.007 0.012
o 3
VA o T ——
= x
- - ES

CcD177

DHX36

— GV splits, AUC = 0.97 (0.03)
Validation split 1, AUC = 0.77

10 Validation splits |, AUC « 0.90 (0.06)

0.4

A

0.6

False positive rate

0.8

1.0




a Decreased in  Increased in
viral infection  wiral infection
*. ................ P.

Interferon signalling -
Interferon alpha/beta signalling —
Interferon gamma signalling ——

Antiviral mechanism by IFN-stimulated genes
Cytokine signalling in immune system -

-4 2 0 2 4
Mormalized enrichment score

True positive rate

— CV splis, AUC = 0,90 (0.07)
== Validation split 1, AUC = 0.79
o4 ¥ —— 10 validation splits, AUC = 0.87 (0.04)

0 0.2 0.4 0.6 0.8 1.0
False positive rate

Fig.4 |Detection of viral sepsis based on host gene expression. a, GSEA

of differentially expressed genes from whole-blood RNA-seq (n =129)
demonstrating pathways enriched in patients with viral sepsis. The top five most
significant pathways by Pvalue (hypergeometric test) are plotted. Source data
including enriched genes and pathway Pvalues are provided in Supplementary
Data12aand in the Source Data file. b, GSEA of differentially expressed genes
from plasma RNA-seq (n = 73) demonstrating pathways enriched in patients
with viral sepsis. Allidentified pathways are plotted. Source data including
enriched genes and pathway Pvalues (hypergeometric test) are provided in
Supplementary Data 12b and in the Source Data file. ¢, ROC curve demonstrating

Increased in
viral infection

Decreased in
viral infection

Response to elevated platelet cytosolic Ca®*
Interferon alpha/beta signalling

RUNX1 interacts with co-factors

Chemokine receptors bind chemokines

2 -1 0 1 2
Mormalized enrichment score

d
101 jemmmmmm———— e
I
I
0.8 -
]
g .
0.6 -
2 :
T 1
g :
S 04 |
E ——
|_
0.2 -
—— CV splis, AUC = 0,94 (0.09)
s - — Validation split 1, AUC = 0.96
04 v —— 10 validation splits, AUC = 0.94 (0.07)

0 0.2 0.4 0.6 0.8 1.0
False positive rate

performance of the bSVM classifier for detecting viral sepsis fromwhole-blood
RNA-seq (n=129). The AUC and s.d. (in parentheses, when applicable) are listed
for CVinthe training set (red line: average over 10 random splits; red shaded
area: +1s.d.), the held-out validation set (dashed grey line) and over 10 randomly
generated validation sets (solid grey line: average; grey shaded area: +1s.d.).

d, ROC curve demonstrating performance of the bSVM classifier for detecting
viral sepsis from plasma RNA-seq (n = 73). The AUC and s.d. are listed for CVin
the training set (red line: average over 10 random splits; red shaded area: +1s.d.),
the held-out validation set (dashed grey line) and over 10 randomly generated
validation sets (solid grey line: average; grey shaded area: £1s.d.).



| Patojen Tespit Performansi

Genel Duyarlihk (Kan Dolagimi)

EE.
=]
(]

§. aureus [ E. coli %100
idrar Yolu (UTI) %38
Alt Solunum Yolu (LRTI)

Ozgallik orani No-Sepsis grubunda %73 olarak gergeklesti. Yanlis negatiflerin gogu, drnekleme dncesi antibiyotik alimi ile iligkilidir.

| Viral Sepsis ve Konakg Yaniti

ikincil Viral Stmiflandirica

RNA virGslerinin dogrudan mNGS ile tespitindeki zorlukian
agmak igin geligtirildi.

Interferon Sinyali

Antiviral bagigiklik icin zenginlestiriimis O/ 9 6
yolaklar saptand.. o AUC Dogrulama

Klinik solunum yolu viral PCR testlerinin %92'sini basariyla
ongorda.




| Entegre Konak¢1 + Mikrop Modeli

@ Q

%99 Duyarhhk %74 Tahmin Giicii
Kaltdrle kanitlanmig sepsis vakalarinin neredeyse tamamini "Sapheli” (kultar negatif) vakalann %74'Gnde sepsis
tanimladu. 6ngoérda.

) 0

%89 Tam Dogrulugu %78 Ozgiilliik
Belirsiz statGdeki vakalarin %89'unu sepsis olarak Enfeksiydz olmayan durumlan basariyla diglama potansiyeli
siniflandird.. gosterdi.
Tanisal Ustiinliik

Entegre mNGS yaklagimi, acil serviste kullanilan mevcut klinik
skorlardan ¢ok daha yuksek performans gosterdi.

= Entegre mNGS: AUC 0.81 - 0.97
= Klinik Degiskenler: AUC 0.62
= gSOFA Skoru: AUC 0.48



Journal of Medical Virology 88:1152-1158 (2016)

Relationship of Plasma Cell-Free DNA Level With
Mortality and Prognosis in Patients With
Crimean-Congo Hemorrhagic Fever

Mehmet Bakir,'* Aiynur Engin,' Mert Ahmet Kuskucu,” Sevtap Bakir,” Omiir Gundag,'
and Kenan Midilli

!Department of Infectious Diseases and Clinical Microbiology, Faculty of Medicine, Cumhurivet University, Sivas,
Turkey

*Department of Microbiology, Cerrahpasa Medical Faculty, Istanbul University, Istanbul, Turkey

Department of Biochemistry, Faculty of Medicine, Cumhurivet University, Sivas, Turkey
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Original Article )
Cell free DNA as a new prognostic biomarker for COVID-19, A prospective = &
cohort study

Hazal Erdem “"", Ilker Inang Balkan ", Ridvan Karaali ", Seval Urkmez, Birgiil Mete °,
Gokhan Aygiin "¢, Nese Saltoglu ", Omer Fehmi Tabak °, Mert Ahmet Kuskucu **



A cell-free DNA metagenomic sequencing assay that

integrates the host injury response to infection

Alexandre Pellan Cheng?, Philip Burnham?, John Richard Lee®™<, Matthew Pellan Cheng®®, Manikkam Suthanthiran®,

Darshana Dadhania
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Metagenomic next-generation sequencing aids the diagnosis of viral
infections in febrile returning travellers

Hanna Jerome®', Callum Taylor™!, Vattipally B. Sreenu?, Tanya Klymenko?,
Standard of care MNGS analysis

diagnostics

Not suspected by

treating physician

and therefore not

Blood film negative tested (PCR
at the time of negative)
testing but Ko
preceding samples -
positive ' Case 1: Serology negative. PCR (not
- tested originally) subsequently

confirmed by specialist diagnostic

laboratory

Case 2: Not suspected by treating !

r Diagnosed by 1" physician and therefore not tested ;

throat swab

Not considered to be a human pathogen

Methods: Plasma samples from 40 returning travellers presenting with a fever of =38°C were sequenced
using MNGS on the Illumina MiSeq platform and compared with standard-of-care diagnostic assays.
Results: In total, 11/40 patients were diagnosed with a viral infection. Standard of care diagnostics re-



Bobrek Transplant Alicilarinda BK
Poliomaviriis Reaktivasyonu ile Uriner
Mikrobiyom ve Konak DNA
Dinamiklerinin Yeni Nesil Dizileme

Tabanlh Entegre Analizi

Uriner Metagenomik is Akisi

Calisma Tasarnmi & C')mekleme

;Z —o'® + Bobrek transplant alicilan (n=60)
= . + Saglikli kontroller (n=30)
« Klinik veri eslestirme

8

Ornek Toplama & On islem

% Orta akim idrar ~ santrif(j (pellet odakli)
' - Negatif proses kontrolleri

L~ Toplam DNA izolasyonu ONT Kitiphane & Dlzilerra
g’g + Bakteri + Viral (BKPyV) » - Native barcoding, pooling

+ Konak DNA « MinlON / GridiON

« Miktar / kalite kontrol ™ -'EJ

Ham Veri isleme F
+ Basecalling, _
demultiplexing

- Kalite filtreleme —)

Biyoinformatik Analiz

- Konak DNA oram & (opsiyonel) metilasyon ‘ = ﬁ.

£ - Uriner mikrobiyom (taksonomi, gesitillik) 2
£ )

)}
ows? . BKPyV: okuma, kapsama, konsensus _.

mEE - AMR gen profilleri

« Feature birlestirme

.:_. « Siniflandirma, kimeleme, kesifsel modeller

= Klinik iliskilendirme & dogrulama




Nasil basa ¢ikacagim ???

Yapay Zeka

T e fowis Lisids il arnmad.
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