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Ma smysl bojovat s antibiotickou rezistenci?
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Antimikrobialni terapie - historie

Prevence infekénich komplikaci:

- 1846 Semmelweis (desinfekce rukou)
- 1865 Lister (fenol — operaéni rany)

Chemoterapie:

- 1899 Honl, Bukowsky - pyocyanaza — antibakterialni
extrakt z P. aeruginosa
- 1932 Klarer and Mietzsch — sulfonamidy

Objev penicilinu

- 1928 Fleming (Penicillium chrysogenum (notatum) )
- 1941 — 1945 Florey, Chain (purifikace)
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Vznik antibiotické rezistence
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Antibiotic resistance is ancient

Vanessa M. D'Costa"?, Christine E. King***, Lindsay Kalan'", Mariya Morar'”, Wilson W. L. Sung®, Carsten Schwarz®,
Duane Froese®, Grant Zazula®, Fabrice Calmels®, Regis Debruyne’, G. Brian Golding®, HendrikN. Poinar'™* & Gerard D. Wright"*

The discovery of antibiotics more than 70years ago initiated a
period of drug innovation and implementation in human and
animal health and agriculture. These discoverics were tempered
in all cases by the emergence of resistant microbes'*, This history
has been interpreted to mean that antibiotic resistance in patho-
genic bacteria isa modern this view is rei

with high concentrations of Escherichia coli harbouring the gfp (green.
fluarescent protein) gene from Aequarea victoria (Supplementary

Information).
After fracturing of the sam ples (Supplementary Fig. 3), total DNA
from a seri along the radius of

‘the fact that collections of microbes that predate the antibi
are highly susceptible to antibiotics’. Here we report targeted
metagenomic analyses of rigorously anthenticated andent DNA
from 30,000-year-old Beringian permafrost sediments and the
identification of a highly diverse collection of genes encoding res-
istance to Plactam, tetracydine and glycopeptide antibiotics.

i di the complete in resist-
ance element Vana confirmed its similarity to modern variants.
These results show conclusively that antibiotic resistance is a
natural phenomenon that predates the modern selective pressure
of clinical antibiotic use.
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“Zivotnost“ antibiotik

RAPID COMMUNICATIONS

ANTIBIOTIC UPS AND DOWNS

s now anfibiaics come on he market (pvard arrows) e . Nosocomial outbreak by NDM-1-producing Klebsiella
resistance develops (downward arrows), but the drugs introduced RESISTANCE . . .
continue to be used. The growing collaction of antbiotcs s pneumoniae highly resistant to cefiderocol, Florence,
over time is offset by the increasing resistance. CRiErE —
= 'y ‘ it — L Italy, August 2021 to June 2022
Introduced Resistance resistance
Marco Coppl*?, Alberto Antonelli**, Claudia Niccolait , Andrea Bartolini?, Laura Bartolin? , Maddalena Grazzini3, Elisabetta
Erythromycin Enterococcus Mantengoli>*, Alberto Fareset , Filippo Pierallis , Maria Teresa Mechi®, Vincenzo DI Pilato*¢, Tommaso Glani*?, Glan Maria
introduced resistance Rossolini**
N 1. Department of Experimental and Clinical Medicine, University of Florence, Florence, Italy
I Levofloxacin 2. ﬂ\c;n]:ltr:n?y?nd\;lrn ngzﬂUnll glgler{:el(uarstgét UanEYS(Ily I;ngspultat Flotr;r;‘:e ;tiatl H ety
v introduced 3. Hospital Infection Prevention and Control Unit, Florence Careggi University Hospital, Florence, Ital
Staphylococcus & bintoncive Care Urit. Florence Carcags Untvercity Bospial Flosancartaly o oee 2
Penicillin res‘ivstgnce 57 - (Sa ge‘;ar‘tmenlnESur!gjlc;t;l(\en(esgnd ﬁ%egraled Dt\y;;nospultsl([F)L\SC) Ur;l‘vterslty of Genoa, Genoa, Italy
eftaroline
mtmciuced l()iﬂa;idinae _:,S(?:{::geoccus T d iz Cor : Glan Marla i)
_ INtroduce A
v A |
a lococcus neumaonia - -/ 3 - -
Pl resstance I Staptylococcus A nosocomial outbreak by cefiderocol (FDC)-resistant
nt.erobacter\aceae ) resistance . . -
Teftuorin resistance Hne=oici NDM-1-producing Klebsiella pneumoniae (NDM-Kp)
introduced . - "
A [ - occurred in a large tertiary care hospital from
— Vancomycin v i
PENICILUN stiglls I Staphylococeus August 2021-June 2o022 in Florence, ltaly, an area
cein M I i i
where NDM-Kp strains have become endemic.
aphworoum v
kool Retrospective analysis of NDM-Kp from cases
oo observed in January 2021-June 2022 revealed that
VANCOMYEIN 21/52 were FDC-resistant. The outbreak was mostly
Typically used . . .

S e Z sustained by clonal expansion of a mutant with
inactivated cirA siderophore receptor gene, which
exhibited high-level resistance to FDC (MIC232 mg/L)

1930 1940 1950 1960 1970 1980 1990 2000 2010 and spread i|-|depe|-|de|-||:|_1k|I of FDC ex posure.
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Vyvoj novych antibiotik

Table 1
Global cost of R&D for a new antibiotic and effect of incentives on R&D and eNPV.

Entry into phase | clinical trials

PCRD Phase Phase I Phase Il Registration
Base case without incentives
L Drug delivery, Global cost (million)* $19 $16 854 5196 529
Preclinical development xtensive in vi Progression rate® 035 067 0.46 0.70 0.87
extensive in '\l'l'l\fﬂ Duration 5 years 0 months 1 yeard months 2 years2 months 2 years5 months 0yeg
efficacy profiling Total programs* 1522 533 357 1.64
Global capitalised cost (million)? $708 $153 5292 %393

eNPV ($m)

Candidate declaration With matched (50%) co-funding as part of Publi

Global capitalised cost (million) $354 §76 520 $791
DMPK, eNPV ($m) -5701
Toxico |Ogy Global cost (millions) 529 $40
and Global capitalised cost ($m) $35 540 $1385
QfﬁCBCy eNPV ($m) -$1313

of PPP for R&D and implementation of the Tier B framework for registration

From target choice to clinical trials: 4 — 6 years

assays Global capitalised cg 5146 $99 517 520 $692
eNPV ($m) -3603
. / \ Health Py 121 2017) 1025-1
Lead d90|arat|0n .-"f '-\ Contents lists available at ScienceDirect
\ :
/ \ Health Policy
/ \ :
/ Hit \  BasicDMPK e e
and
/ot )
A\
’;’E lead N efﬁcacy Upiola Joural of Madical Sciences. 20145 119: 162-169 informa Time for a change in how new antibiotics are reimbursed: @wm
Y. Y assays Development of an insurance framework for funding new antibiotics
. \\ based on a policy of risk mitigation
REVIEW ARTICLE
- . Adrian Towse**, Christopher K. Hoyle®, Jonathan Goodall®, Mark Hirsch®,
Hit declaration Jorge Mestre-Ferrandiz*, John H. Rex©2

of new

DIARMAID HUGHES' & ANDERS KARLEN®

Library screening
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Vyvoj novych antibiotik a trzni ekonomika (zaver )

| DON'T GET IT, THE
MARKET ECONOMY
WORKS...
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Jakeé jsou alternativy?
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Nova antibiotika v klinické praxi a vyzkumu ./ \¢

* Inhibitory enzymu (napf¥. karbapenemaz) s; =k,
. Juy ;Q< ;Qv“
« Synergické molekuly W

« Hybridni antibiotika of]
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REVIEWS

Drug combinations: a strategy to
extend the life of antibiotics in the
21st century

Mike Tyers' and Gerard D. Wright?*
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Dalsi alternativy

Strategy Advantages over conventional antibiotics Possible disadvantages
Phage therapy » Self-replicating pharmaceuticals * |mmunogenicity
= Selective towards specific sfrains of = Phammacokinetics
bacteria » Release of bacterial endotoxins
Amenable to genetic engineering = |nadequate preparations — failure to remove endotoxins

CRISPR/Cas2

Antimicrobial
peptides

0. National Institute
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Amenable to genetic engineering

* Selective towards specific sfrains of

bacteria
Mot prone to resistance development

Can be tuned for a variety of
antimicrobial applications
Reversal of antibictic usage

* Specificity towards pathogenic strains

Mot prone to resistance development

* Broad-spectrum activity is an

advantage, depending upon
application

and pyrogenic substances
Resistance development

Production

* | ack of sufficient knowledge

Expensive large-scale production

* Toxicity

Expensive large-scale production

* Susceptible to proteolysis
= Toxicity
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Dalsi alternativy

Bacteriocins
SMAMPSs®
IDR peptides”

Probiotics
Antibodies

» Speciiicity towards pathogenic strains

of bacteria
Resistance to heat and UV

* Ease of synthesis
» Mot prone to resistance development
* Broad-spectrum activity is an

advantage, depending upon
application

Work by modulating the immune
system

Mo resistance development as no
direct antimicrobial activity

Easy availability

Selective towards specific strains of
bacteria

= Do not damage the microflora

Synthetic Mimics of Antimicrobial Peptides (SMAMPs)

Innate Defence Regulatory Peptides
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of Virology and Bacteriology
>

» Expensive large-scalke production
* Susceptible fo proteolysis

= Boute of administrafion

* Expensive large-scalke production
» Susceptible fo proteolysis

Used mostly for intestinal infections

» High cost of production
* Poor sheff life

Cell

REVIEWS

Alternatives to Conventional Antibiotics in the
Era of Antimicrobial Resistance

Chandradhish Ghosh," Paramita Sarkar,' Rahal Issa,” and Jayanta Haldar’*




Jiné pristupy kromé fagoterapie (napr. Plasmid curing)

(A) CRISPR/Cas mediated cell (B) CRISPR/Cas mediated vaccination (C) CRISPR/Cas to select for a
death sensitive population
Q. CRISPR/Cas L Lysogenic Phage
encoding genes can CRISPR/Cas encuding CRisPR/Cas
CRISPR/Cas ided via (targeting ARG oF rargeting ARG and yie
(targeting ARG or phage, phagemid, plasmid gene] "8 ih -
plasmid gene) or plasmid o ag
Attempted
conjugation of
plasmid

system integrates
into chromosome

Lysogenic Phage
with CRISPR/Cas l

A Cell Death
Invading plasmid is

A cut by CRISPR/Cas
system

»
»
> | - »

Bacteria where lysogenic CRISPR/Cas phage
has integrated are sensitized to the
antibiatic(s) and protected from lytic phage

REVIEW ARTICLE
Strategies to combat antimicrobial resistance:
anti-plasmid and plasmid curing

Bacteria without lysogenic CRISPR/Cas

phage, which are a resistant to the Michelle M. C. Bucknerf, Maria Laura Ciusa and Laura J. V. Piddock**

antibiotic, are killed by the Iytic phage
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Lepsi zacileni antibiticke terapie
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Nanotechnology-based
approaches in
antibiotic delivery and
formulation

Targeted
delivery of
antibiotics

Passive
" - targeting
'}5%‘35 Anlibody:coniugn;d" Y X

5?9 nanocarrier

N Aptamer-conjugated
p nanocarrier

U pcsstinfectionsby o
= ing,

. o g
4 » Peptide-conjugated & ,,
;. &7 nanocarrier <&

Pharmaceutical Research (2025) 42859-889

itps://doiorg/10.1007/511095-025-03871x

REVIEW ARTICLE
The Next Frontier: Unveiling Novel Approaches for Combating
Multidrug-Resistant Bacteria

Praveen Mallari' - Leila D. Rostami® - Ida Alanko®” - Fadak Howaili’ - Meixin Ran’* - Kuldeep K. Bansal® -
Jessica M. Rosenholm? - Outi M. H. Salo-Ahen®*
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Stale se potykame se selekCnim tlakem — bakterie chteji
prezit... (zaveér Il)
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Existuje dalsi mozny pristup?
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Vznik infekce

INFEKCE
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Antivirulencni strategie

* Napr. pohyblivost u Listeria monocytogenes

Resveratrol Setomimycin Azorubme n=8,10,12, 14,16, 18
Benzalkonium
.' Natu ral Synthetlc chloride

Avoidance from autophagy

* Swarming motility [*Invasion into epithelial Cells
* Swimming motility
* Actin-based motility
* Biofilm formation

Adhesion patterns

#

L. monocytogenes

Formation of biofilm on biotic
and abiotic surfaces
Survive at low pH, low temperatures,
high osmolarity, and UV radiation

Conjugates = Nanomaterials
Ferulicoacid grafted & ,Mi;g&

% ooeace
Chitosan COS-EGCG
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Antivirulencni strategie

« Napf. inhibice toxinu

Intestinal lumen
siNb
Intimin % Stx-binding
STEC Intimin-binding

‘ Stx

1Le
D

Transcellular translocation
Il
Contents lists available at ScienceDirect
Intestinal epithelium

Cellular Signalling

l ELSEVIER joumal homepage: www.elsevier com/locatecellsig

One problem, multiple potential targets: Where are we now in the Em
development of small molecule inhibitors against Shiga toxin?

Samantha K. Tucker, Rebecca E. McHugh, Andrew J. Roe
School of nfecio sl imanity, Univvrsity of Olesgo, Glasgane G12 8TA, Urited Kingdor
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Antivirulen

A4

cni s

Komplexni pristup

trategie

Alkaline LasB, LasA,
protease LasD, PrpL,
1 Lipases
HasAp ToxA,lLapA
Adherence and Biofilim
colonization formation
an_tibiotic
Proliferation resistance
host inflammation
regulation

Virullence Features
Factors
@ Inhibitor
@ ﬁ) Ca?

((z) Regulator

ExoS, ExoY
ExoT, ExoU

l

Phagocytosis
evasion
|
Apoptosis

Acute
mfectlon

EstA, CupB,

Lep

l

Rhamolipid
production

|

Motility

Tsel, Tse2
Tse3

l

Defense
cell lysis

Interactor

B i
> Tsil
A 4

P. aeruginosa

Factors
Quorum

sensmg / P
Elastase @pytok' (@ ="
Type Il Frotsases Cytoklnes e :, lement
(s%:g;t)lon \ IL-16,TNF-a) \ 1 P
LPSa flagella O @=%"-
\_/ S Opsonizing
Th cell antiblodes
Interventions
Anti-virulence Immuinotherapies
* QSinhibitors egfuranones * Monoclonal antibodides
« Biofilm disruptors eg. eg.anti-PerV

DNase, NO donors
Immunotherapies

* Monoclonal antibodies
eg.anti-PcrV

Host Immune Response

Innate Immunity
*|ETs
* Phagooytosis

Neutrophag *ROS

* Vaccines targetting
outer membrane-e-proteins,
T3SS components)

Phage therapy
» targeting MDR: iosolates

~ 7
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VIRULENCE
2025, VOL. 16, NO. 1, 2590160
hitps./00i0rg/10.1080121505594 2025 2580160

@ Taylor & Francis

BACTERIAL PATHOGENESIS

@ OPEN ACCESS [ % et i imanes

Path

Multidrug-resistant Pseud
ey

rug P

and novel th

P

Mohammed Salem Alharbi (2, Soha Abdallah Moursi 2°, Ahmed Alshammari*, Rana Aboras*, Ehab Rakhads,
Ashfaque Hossain!, Sami Alshubrumi?, Khaled Alnazha?, Azharuddin Sajid Syed Khaja®, and Mohd Saleem®
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Antivirulencni strategie

» Praktické aplikace

Online Laboratory Investigations

Vagus Nerve Stimulation Attenuates Multiple
Organ Dysfunction in Resuscitated Porcine
Progressive Sepsis

Michaela Kohoutova, MSc"% Jan Horak, MD?>*

agmar Jarkovska, Ing, PhD"%

Jan Benes, MD, PhD*?; Jitka Sviglerova, MD, PhD"% Jitka Kuncova, MD, PhD"%
Martin Matejovic, MD, PhD*% Milan Stengl, MD, PhD'*

Vendula Martinkova, MD*'; Vaclav Tegl, MD>*; Lukas Nalos, MD, PhD'?; Lucie Vistejnova, Ing, PhD%

Clinical Engineering

Blood
Purification

Blood Purif
DOI: 10.1159/000547419

Received: January 24, 2025
Accepted: June 23, 2025
Published online: July 14, 2025

Endotoxin and Cytokine Removal with a
New (CA) Sorbent Cartridge

Anna Lorenzin®P Natascha Perin®®  Massimo de Cal*®  Monica Zanella®
Claudio Ronco®

2Department of Nephrology Dialysis and Transplantation, San Bortolo Hospital, Vicenza, Italy; Pinternational
Renal Research Institute of Vicenza (IRRIV), San Bortolo Hospital, Vicenza, Italy

Blood
Purification

Critical Care Nephrology

Blood Purif
DOI: 10.1159/000546923

Endotoxin, Virus, and Bacterial Removal:
Why, When, and How?

Lui G. Forni*® Vedran Premuzic<¢

#Intensive Care Unit, Royal Surrey Hospital Foundation Trust, Guildford, UK; ®School of Medicine, Kate Granger
Building, University of Surrey, Guildford, UK; “School of Medicine, University of Zagreb, Zagreb, Croatia;

“D for
Zagreb, Croatia

Dialysis and University Ho

Received: January 16, 2025
Accepted: May 9, 2025
Published oniine: June 18, 2025

spital Center Zagreb,
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Jake pristupy zvolit?

* Nutny individualni pfistup s ohledem na stav pacienta a jeho imunitni systém

AntivirulenCni strategie Klasicky ,antibioticky” pfistup

s modernimi postupy
Eioys @i
‘. National Institute 3 27 VR FACULTY OF MEDICINE
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Jak predchazet vzniku antibiotické rezistence

[ ESBLs ] [ YRE ] [MDR Neineria] [ MRSA ]

-

Development of precise l J
diagnaostics -

[ Non-adherence with
Vaccines and novel MDR Ba_r.:lerial ] treatment
therapics Evidence-Based Measu l."HJ Infections
L
§ -
Antibiotic stewardship _1
programs
e
Antimicrobial

Poor infection control

measures

Major Risk
Elements

Subtherapeutic doses of
antimicrohials in livestock

Vast proliferation of MDR Resistance

bacterial infections

Mechanisms of resistance ]

Adaptation

Accessibility issues to quality
[ microbials in developing countries

Misuse of antibiotics in

[ Biology of Microbial
amimal food production

Global Spread

Overuse of antibiotics in

human medicine

Pharmaceutica Research (2025)424859-889
it/ oL org/10.1007511095-025-03871x.

7

i

B t_hmugh_ Lo rna?inn Sl Gengraphic differences in resistance rates REVIEW ARTICLE
& medical tourism

The Next Frontier: Unveiling Novel Approaches for Combating
Multidrug-Resistant Bacteria

Praveen Mallari" - Leila D. Rostami’ - Ida Alanko™ - Fadak Howaill’ - Meixin Ran** - Kuldeep K. Bansal’ -
Jessica M. Rosenholm? - Outi M. H. Salo-Ahen®*©
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