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Detekce SARS-CoV-27?

» VyS8etfeni mnoha set vzorkl denné

» Naroky na zpracovani vzorkl (preanalyticka, analyticka, postanalyticka faze)

* Automatizace vysSetreni
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Detekce SARS-CoV-27?

» VyS8etfeni mnoha set vzorkl denné

* Naroky na zpracovani vzorkl (preanalyticka, analyticka, pg

* Automatizace vysSetreni
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Vyvoj klinicko-mikrobiologicke diagnostiky
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Historie mikrobiologie a jeji milniky
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a hemoci

Louis Pasteur (1822 —

1895)

Robert Koch (1843 —

1910)
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Historie mikrobiologie a jeji milniky

Klinicka mikrobiologie

Molekularne-
genetické metody

Kultivacni - —
diagnostika Rozvoj antibiotické
Antibioticka rezistence
terapie

Alexander Fleming dalsi metody

(1881 — 1995)
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Rozvoj virologie, klinické mykologie
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Klinicka mikrobiologie a |éCba infekci

* Rychlost diagnostickych metod

Patient's features:
age, renal function, neutropenia,
underlying conditions...

. y
+* « Pfesnost metod

Bacteria:
susceptibility (MIC),
resistance mechanisms?

gy
Source of infection @

Inflammatory response
(severe sepsis/shack)

* Moznost prevence Sifreni (molekularni
epidemiologie)

wancas — Clinical Microbiology REVIEW
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Treatment of Infections Caused by Extended-Spectrum-Beta-
Lactamase-, AmpC-, and Carbapenemase-Producing
Enterobacteriaceae

(@ Jests Rodriguez-Bario,® Belén Gutiérrez-Gutiérrez,* Isabel Machuca,® Alvaro Pascual®
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Klinicka mikrobiologie souCasnosti

INFEKCE

i
hostitel prostredi
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Klinicka mikrobiologie souCasnosti

A Virulence B
pathogenicity
(binary traff)
_ host 1
parasite phenotype
phenotype (Pw)
(Pe)
00 01 02 03 04 05
environment (E) ' T ) ’
temperature, nutrients, virulence
predation, intra-specific competition {decrease in host fitness )
co-infections, commensal flora
What is a pathogen? Toward a process view
of host-parasite interactions
Pierre-Olivier Méthot'*™ and Samuel Alizon®
"Université Lavak Québec, Canada; “Centre Interuniversitaire de Recherche sur la Science et la Technologie; Montréal, Canada;
*aboratoire MIVEGEC (UMR CNRS-IRD-UM1-UM2 5290), Mantpellier, France
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Klinicka mikrobiologie souCasnosti

INFEKCE

[ [

PAUL DE KR

« Studium interakce hostitel vs. patogen pfedstavuje vyznamnou vyzvu pro klinickou
mikrobiologii
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Klinicka mikrobiologie souCasnosti

These are 10

times as many 22000

nutsldle approximate
organisms are number of genes
there are

in the human

human cells in gene catalog

the human body

Reductant
genes in the
human gut

microbiome

80-90%
individuals
humans are
different from
one another

Integrating Microbiome Network: Establishing Linkages Between Plants,
Microbes and Human Health

90% diseases can be raced in some way back
to gut health and microbiome Suresh B. N. Krishna', Anamika Dubey’, Muneer A. Malla’, Richa Kothari’, Chandrama P. Upadhyay’, Jamila K.

Adam' and Ashwani Kumar™
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Klinicka mikrobiologie souCasnosti

* Omezeny pocet kultivovatelnych mikrobu (“kultivovatelni” mikrobi)

* |vramcijednoho druhu nebo tzce pfibuznych taxont dochazi k vyznamnému rozdilu
ve virulenci
(napf. Escherichia coli vs. Shigella spp., Bacillus anthracis vs. Bacillus.
cereus)

Funded by = J  CZECH
the European Union e . RECOVERY
NextGenerationEU I o i Spoars PLAN

O

HARLES UNIVERSITY
aculty of Medicine in Pilsen

g

. National Institute
of Virology and Bacteriology



Soucasné trendy v klinické mikrobiologii

* Rozvoj diagnostickych metod

— Molekularné genetické metody (PCR, sekvenace DNA, celogenomova

sekvenace, metagenomika)

— Metody hmotnostni spektrometrie (identifikace mikrobu, dalSi aplikace)

« Studium patogeneze na molekularni urovni

* Molekularni epidemiologie infekCnich nemoci
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Molekularne-genetické metody

Cilena (multiplexni) PCR

Metabolomic analysis

Metagenomic analysis Metataxonomic analysis Metatranscriptomic analysis
{——\ = Y - /r e
MO | . 5
: oo o 885~
« Celogenomova sekvenace || " Y& . sy (=== =7
DNA extraction DNA extraction RNA extraction Metabolite extraction
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. — 4 Data processing
 Metagenomika I-l]
Microbial MAG Microbial Diversity Abundance Cifierential gene
composition construction oomposmnn analysis estimatien expression analysis
Omics in gut microbiome analysis
Tae Woong ‘Whon'", Na-Ri Shin®, Taxonomic & functional analyses ) a Taxonomic analysis 4 e Gene set enrichment analysis ) \:\ . Biological interrogation

Joon Yong Kim', and Seong Woon Roh"™
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Limity metataxonomickych technik

* Detekce taxonu neni mozna obvykle ani na uroven druhu...
« ZjiSténa kvantita taxonu nemusi odpovidat realné kvantité ve vzorku
* Nejsme schopni determinovat virulenci mikroba

* Umozni nam statistické metody determinovat realnou kauzalitu daného taxonu?

Community 2 Community 3 Community 4

R.:lmivz Abundnnm

Mm' ite Abundances REVIEW Open Access
Staphylococcus aureu:
Bacteroides fragilis 1 4 1 1 o s . . . @
Abbermansio muciniphls 1 ) 2 ' Identifying biases and their potential
. S . - . : . . . . . updates
Fig. 2 Microbiome data is compositional and does not represent absolute counts. As a consequence of the arbitrary total amount of sequencing
reads a DNA sequencing platform can generate, the resulting data is compositional. This means that one DNA sequence does not comrespond to SOI Utlo ns in h uman m IcrOblome StUdles
one cellular unit, and an increase in relative abundance from one group can result in the decrease of relative abundance of another. This can Jacob T. Nearing', André M. Comeau” and Morgan G. I, Langille®™ ®

occur even when the absolute abundance of a group does not change
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Limity metagenomickych technik

« Narocna bioinformaticka analyza

Stale pomalé (2-5 dni)
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Kdy aplikovat metagenomiku?

« Obecné u primarné sterilnich
materiall

Meningitis/ Advantages

Meningoencephalitis
= Rapid identification of known and novel

pathogens in a single run
= Rapid sequencing of pathogen full genomes
= Selection of antimicrobial therapy

p , , v - E liti
) Stale Ve Vyzkumnem reZ|mu o = Impact on clinical outcomes, neurological
\ consequences, and mortality
\ 4 « Epidemic dynamics and prediction of
\al outbreaks
« Co nastane po aplikaci IVD-R \ | I sl spustivityand specfiofy
| 1 4
legislativy? (nelze provadét ; s
diagnostiku ve vyzkumném rezimu) @
. -
P Limitations
' Viruses
B - ; » Background and contaminating bacteria
= = DNA contamination from CSF pleocytosis
« Limited bioinformatics tools and reference
4 Poriha d bioinf Is and ref
Evaluating Infectious, Neoplastic, Inmunological, and Degenerative i\ databases
Diseases of the Central Nervous System with Cerebrospinal \\ » Evidence from small retrospective studies
Fluid-Based Next-Generation Sequencing \ \ » Costly and labor intensive
ail “ Fungi

Konstantinos I. Tsamis'2® . Hercules Sakkas® - Alexandros Giannakis' - Han Suk Ryu* . Constantina Gartzonika® -
llias P Nikas?
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Kdy aplikovat metagenomiku?

Oncology Applications

= Diagnosis and classification

ol ¢ i i g + Prognosis
[ — @ z ' O « Therapy selection
f « Therapy response
\ f-f' o f L +» Minimal residual disease
\ ;‘f i - ; - 0 i + Cancer evolution
\\ N N : g & - - Therapy resistance

. T o T %" * Intra-tumor heterogeneity
[ o "":,» o v ;

y i
& Tumor
< @ Cancer cells
*3)\ & o Evaluating Infectious, Neoplastic, Immunological, and Degenerative
\'\\ “  RNA Diseases of the Central Nervous System with Cerebrospinal
- \ d Fluid-Based Next-Generation Sequencing
= ©  Exosomes
A . Konstantinos I Tsamis'2© . Hercules Sakkas® - Alexandros Giannakis' - Han Suk Ryu* . Constantina Gartzonika?-
llias P. Nikas?
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Aplikace hmotnostni spektrometrie v mikrobiologii

« MALDI-TOF MS je standardni metodou pro taxonomickou identifikaci bakterii a mikromycet

» Presna a rychla identifikace bakterii (v€etné anaerob) a hub
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Aplikace hmotnostni spektrometrie v mikrobiologii

Moznost detekce antibiotické rezistence

Detekce karbapenemaz

Detekce rezistence ke kolistinu
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u»-g.w.r\._._djkfu
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Detection of Colistin Resistance in Escherichia coli by Use of
the MALDI Biotyper Sirius Mass Spectrometry System
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Aplikace hmotnostni spektrometrie v mikrobiologii
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Funkéni detekce bakterialnich toxinu
— Badcillus anthracis

—  Clostridium botulinum
— (Clostidioides difficile toxin B)
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Toxins 2015, 7, 3497-3511; doi:10.3390/10xins 7093497

toxins

1SSN 20726651
www mdpi.com/journal toxins

Article

Mass Spectrometric Detection of Bacterial Protein Toxins and

Their Enzymatic Activity
Suzanne R. Kalb, Anne E. Boyer and John R. Barr *

Peptide Sequence m/z Observed
BoNT/A substrate Acetyl RGSNKPKIDAGNQRATRXLGGR-NH: 2406
BoNT/B substrate LSELDDRADALQAGASQFESSAAKT KRKYWWENLK 4025
BoNT/E substrate WWWAKLGQEIDTRNRQEDhRIMAKADSNKR-NH, 3614
BoNT/F substrate TSNRRLQQTQAQVDEVVDIMRVNVDKVLERDQKLSELDDRADAL 5111
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Aplikace hmotnostni spektrometrie v mikrobiologii

« Detekce markeru zanétu véetné interakce mikrob-hostitel

Rapid Detection of Procalcitonin in septic serum by Immunoaffinity MALDI Chips
Josef Dvorak '2, Lucie Kraftova®, Vendula Studentova®, Martin Matejovic*®, Jaroslav
Radéj*5, Thomas Karvunidis*®, Jan Horak*®, Marcela Kralovcova® Jaroslav Hrabak 4,

Zuzana Kalaninova "2, Michael Volny 2, Petr Novak 2, Petr Pompach 123
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Vyvoj soucasné mikrobiologie a jeji zazraky

* V soucCasné dobé prochazi mikrobiologie bouflivym technologickym rozvojem

* Molekularné-genetické metody (v€etné sekvenovani 2. a 3. generace) jsou provadény na
rutinni bazi

 V poslednich dekadé dosSlo k prudkému rozvoji aplikace hmotnostné-spektrometrickych
metod

+ Diagnostika je zalozena na syndromech (syndrome-based)
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Vyvoj soucasné mikrobiologie a jeji zazraky

Identifikace
patogena

Klinicky
Funkéni
vySetreni
vzorku

Stanoveni
citlivosti
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Jak bude vypadat mikrobiologicka diagnostika budoucnosti?

Vyzkumna laboratof

.y

Klinicky
mikrobiolog
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Co nam hrozi?
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