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Take home messages:

- Clasificarea beta lactamazelor- evolutie

- Emergenta rezistentel la bacterii Gram negativ

- Bacterii producatoare de carbapenemaze

- Beta lactamze rezistente la inhibitori

- Mecanisme de rezistenta asociate

- Bacterii cu multiple beta lactamaze

- Rolul laboratorului

Clinicianul- “cere si ti se va da”

Tehnicile de Dbiologie moleculara “ from bench to
molecular chess’

"Lasciate ogni speranza, o voi che entrate"Divina
Commedia di Dante Alighieri.
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The rate at which microbes are acquiring resistance is GREATER

than the rate at which antimicrobials are being discovered

advent of medicinal chamisiry
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AMR in 2050
10 million

P

From 7% to 50%

Tetanus
60,000 = deaths related to
infection
Road traffic \
2 milfon ™~ g samiion  >25 000 death/y from
oy Avrnow / multidrug resistant
(ocetimate bacteria (EMA/ECDC
/\\ report, Cassini et al.,
T\ 2019)

Measles N by Cholera
130,000 : : 100,000—
a X

120,000

Diarrhoeal /
disease !_,/ a0 Diabetes
1.4 million 1.5 million

Increased mortality rates
Estimated annual cost for healthcare systems and gross domestic product loss
of $300 billion (Naylor et al., 2018).

Surgery, transplants, and chemotherapy - no longer viable due to infection



Antibiotic Targets  Antibiotic Resistance .

Cell Wall Fluoroguinolones
B-lactams — Aminoglycosides
Vancomycin \ i Tetracyclines
: p-lactams
Macrolides

DNA/RNA Synthesis 3

. Immunity
Fluoroquinolones o
Rifamycins L

Tetracyclines
Trimethoprim
Sulfonamides

Target Modification

Folate Synthesis 2
Fluoroguinolones

Trimethoprim

Sulfonamides leamycms.
Vancomycin
Penicillins
Cell Membrane Protein Synthesis Inactivating Enzymes Macrolides
Daptomycin Linezolid p-lactams Aminoglycosides
Tetracyclines Aminoglycosides
Macrolides Macrolides
Aminoglycosides Rifamycins

Gerard D Wright - http://www.biomedcentral.com/content/figures/1741-7007-8-123-1-1.jpg Antibiotic targets and
mechanisms of resistance. See text for details. Wright BMC Biology 2010 8:123
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How does resistance occur

Natural naturally occurring resistance genes*™

RNA-methylase, ABC-ATP Binding Cassette
type transporters, aminoglycoside-

Resistance = phosphotransferases and B-lactamases
natural
phenOmenon random mutations of biosynthesis genes

providing a selective advantage to cells

accelerated by
the misuse of

antimicrobial co-selection of antibiotics and antibiotic
drugs - resistance genes (Fajardo and Martinez,
WHO Fact Sheet 2008).

No. 194 (2014)

Acquired Initially susceptible bacteria become
resistant



How does resistance evolve?

“The more we use them, the more we lose them...”

Genetic

selects for
resistant already
resent organisms
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Antibiotics in humans and animals Loy

2012
30%

of antibiotics are
consumed by humans

70%
are consumed
by animals

STROPICAL
MEDICINE

2010

e ——d

63,200
tons

2030
~m——

105,600
tons

By 2030

Global consumption of antibiotics in

livestock production to increase by
two-thirds

MOST ANTIBIOTICS USED
IN ANIMALS ARE MEDICALLY
IMPORTANT FOR HUMANS

Of the 41 antibiotics* that are approved for used in food producing animals
by the FDA, 31 are categorised as being medically important for human use.

are deemed

medically important

Source: FDA, 2012 Summary report on Antimicroblals sobd or distributed for use in

Food-producing animals.
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Drivers of
Antimicrobial
Resistance
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Polymerised-materials
Wood-preservatives

Agriculture Animal Husbandry Household Industry

» T e

* Animal by-products

* Sludge regulation

* Anaerobic digestion
‘ Anaerobic ‘
Digestion

Greywater
* Discharge Consents / EQSs

* Discharge Consents / EQSs

Groundwater

A It
* Groundwater quality (WFD) quaculture

Coastal Water
. * Bathing Waters
WEFD (Shellfish)

*EA regulatory interests

Singer et al., Front. Microbiol., 2016 | https://doi.org/10.3389/fmicb.2016.01728
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GENETIC
RESISTANCE

(1)VERTICAL (2) HORIZONTAL
Spontaneous mutation Horizontal transfer of AMR genes

Mobile Genetic
Elements
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Important acronymes

0 Multidrug-resistant (MDR) — Resistant to ~ SPICE (SPACE) Organisms - AmpC Resistance

Gram-negative bacteria that have inducible, chromosomal beta-lactamase genes known as AmpC.
- _ Resistance may not be detectable initially, but appears after a period of exposure to beta-lactam

Extensively drug-resistant (XDR): entioties

Serratia
resistant to all but one classes Providencia
O Pan drug-resisfcnf (PDR): resistant to all “Indole-positive" (Proteus, Morganella, Prowdenma)
L species / Acinetobacter -
tested antibiotics Citrobacter

Enterobacter species

Other organisms in this class include: Acinetobacter, Cronobacter, Edwardsiella, Hafnia, Morganella, and

SCHERICHIA rarely Pseudomonas
colLl

HORMAL
envi Ironment

) TAPHYLOCOCCUS *  ESKAPE(E) -Enterococcus faecium, Staphylococcus aureus,

S pseud intermedius | S schlelferl 5. aureus

) @46 - 16 Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, Enterobacter sp. (Escherichia

LEBSIELLA .
PNEUMONIAE coli)
H’[lﬁIl.l

c ;'\ r{’ EMT‘?NBNA; CTER e ESCAPE -Enterococcus faecium, Staphylococcus aureus,
0 A Clostridium difficile, Acinetobacter baumannii,

B

i Pseudomonas aeruginosa, Enterobacteriaceae
SEUDOMONAS
AERUGINOSA

Qfom

environment

i NTEROCOCCUS
FAECALIS @ FAECIUM

Qo4
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Cephalosporin | ‘ ‘
Penicillins  Cephalosporins Monobactam  Carbapenems
. . m
PCN Anti-Staph 1. Cephalexin § Aztreonam A Imipenem * * #
Penicillin G Oxacillin (V) Cefazolin 3 +  Aerobic Gram neg Meropenem * A #
Benzathine PCN | Nafeilin V) o e oi | g seucdomonas +I- vaborbactam ~
VKPCN (PO) | Dicloxicillin (PO) < - B 4 ot ,
3. Ceftriaxone 5 ad @ anaerobes Doripenem *  #
Amino-PCN | AntiPseud Ceftazidime * v 2 [Ertapenem] * #
. A © No pseudomonas
Amp +/- pip +/- Tazon 4 Cefepime 5 ey + 1xdaily dosing
Sulb (V)# | Tic+-Clav*# o o~ o B * ESBL
Amox +/- (not available) S. CEﬁarOIIne A Pseudomonas
Clav (PO) # (Like CTX+MRSA) ~ Carbapenem-R
# Anaerobes D. Serota 2018
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TOOH
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Beta-lactam resistance mechanisms

Modification of target —

penicillin binding proteins Enzymatic modification/

degradation of antibiotic

Beta-lactamases

Impermeability
(porin loss, capsule)

Gram-positive

. . Efflux of antibiotic -

efflux pump
S /CH, cellular wall
R—N
@ B-Lactam antibiotic CH
tcgcﬂosls;:?d . (e.g., penicillin))i( o 5 { : s - et ) o
enzymes COOH . . l <. |
r meCA L] L] L L]
Class A Class D Class B Class C
Surface
t
e ar l
X Ll »
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aﬂachglgm site . TEM . VIM . Ch"Y
* CTX-M * NDM-1 * FOX
L att  mecA  att « KPC * MOX
——t
= ‘ mutabons
\.~  Cellwall J
Membrane
CHIP 3 e Extended-Spectrum B-Lactamases Metallo-f-Lactamases AmpC B-Lactamases
A [ Prage (ESBLs) (MBLs)

s
J Clin Invest. 2004;114(12):1693-1696. https://doi.org/10.1172/JCI23825.



Double disk (> 5mm) between 3" gen
cephalosporin and the disk
supplemented with clavulanic acid




MIC assay (automatic, E-test etc.)

CromID ESBL




AmpC Cephalosporinase-Producing Enterobacteriaceae

o Incidence in children 14.2% -29%

o Transmissible AmpC, less frequent, most commonly CMY-2, but also ACT/MIR-type
AmpC genes.

0 AMPCES (Acinetobacter, Morganella, Proteus/ Providencia/Pseudomonas, Citrobacter,
Enterobacter, Serratia)

0 Inducible /derepressed
O R to Clavulanic Acid (CLA) and Cefoxitin (FOX)
O Therapeutic options:

O 4™ gen cephalosporins

O Carbapenemes

0 Class C beta-lactamase (AmpC) detection

Derepressed AmpC inducible AmpC



lass C beta-lactamase (AmpC) detection

1. Modified Hodge test

3. Antagonism

4. Commercial kits - Rosco, Mast, AB Biodisk —E-Test etc.

Test
strain

E.
cloacae -
AmpC
Indicator
strain

E. coli
NCTC10
418
Disk
Cefotaxi
m 30 ug



Differentiation of ESBL, AmpC, ESBL+AmpC phenotypes using specific inhibitors

CT&LCA %Bﬂ.

CPM+CA

Inducible AmpC f iSusceptible strain

s I SBLAAMpC

[-imipenem;
CAJ/CLA- clavulanic acid;
BA — boronic acid;

CPM-cefpirome (4th gen cephalosporin);
CTX-cefotaxime (3rd gen cephalosporin).



Carbapenem Resistant Enterobacteriaceae

Involved clones different from adults, i.e., non-ST258 KPC-Enterobacteriaceae strains

KPC mDR, OXA-48, IMP, NDM and VIM

Low, but increasing incidence of pediatric CRE infections over time, especially
for Enterobacter species

o 50% mortality rate in pediatric hospitalized patients with bloodstream CRE infection (CDC,
2013)

o Children, especially infants-silently colonized for months to years

O Risk factors in children

O medical comorbidities, prolonged hospitalizations, immunosuppression, prior antibiotic use, especially
exposure to exposure to carbapenems and aminoglycosides, pulmonary and neurologic comorbidities, Gl
and pulmonary devices.

Decreased sensitivity to carbapenems

o Therapeutic options for CRE
o tigecycline carefully weighed for people <18 years
o colistin and other polymyxins - optimal dosing issues for the pediatric population
o oral fosfomycin -CRE bladder infection



- Terapia necontrolata cu antibiotice determina selectarea
rezistentei atat la patogen, dar si la flora comensala. Acest lucru
afecteaza mediul de spital, dar si mediul Tnconjurator: personalul

medical, ceilalti pacienti, familia (Bush, Bradford, 2020);

- Raspandirea rezistentei se poate realiza prin plasmide,
transpozoni si integroni-epidmeiologie genetica. TEM-1-prima
beta lactamaza descrisa in literatura in 1965 la un pacient din
Grecia, la o tulpina de E.coli, s-a raspandit la > 70% dintre speciile

de Enterobacterales 30% Neisseria gonorrhoeae.

I Roxana Filip: roxana. filip@yahoo.com



- Majoritatea beta lactamazelor codificate de elementele mobile au

originea in cromozomul bacterian al altor specii:

- Beta lactamazele SHV derivate din SHV-1 al cromozomului de K.
pneumoniae;

- AmpC plasmidice exprimate in K. pneumoniae si E. coli, care sunt
aproape Identice cu AmpC cromozomal al complexului
Enterobacter cloacae (ACT-1 si MIR-1), Citrobacter freundii
(CMY), Hafnia alvel (ACC-1) si Morganella morganii (DHA-1);

- Cea mai frecvent intalnita beta lactamaza cu spectru extins, CTX-

M, isi are originea in Kluyvera spp (Bradford, 2001).

I Roxana Filip: roxana. filip@yahoo.com



Beta lactamaza AmpC

Apartine clasei Ambler C si grupul functional 1 clasificarea Bush Jacoby
Medeiros;

Confera rezistenta la: peniciline, oxyimino cefalosporine: Ceftazidima,
Cefotaxima, Ceftriaxona; monobactame si cefamicine-cefoxitina;
Majoritatea nu sunt inhibate de clavulanata, sulbactam, tazobactam, dar
sunt inhibate de: avibactam, relebactam, vaborbactam;

Sunt inhibate de aztreonam (Bush et al., 1982);

Frecvent sunt cromosomale la: C. freundii, Enterobacter aerogenes,

E.cloacae, Serratia marcescens si sunt inductibile;

Genele codificatoare se regasesc pe plasmide.

Roxana Filip: roxana. filip@yahoo.com



Acinetobacter spp.

- Purtator al genel intrinseci care codifica AmpC, bla oy , gena
secventiata prima data in 2000;

- Rezistenta la cefalosporinele cu spectru extins prin

supraexprimarea unui promotor localizat pe ISA bal.

Burkholderia spp.
- Majoritatea tulpinilor-beta lactamaza cromosomala clasa A;
- Rezistenta la peniciline si cefalosporine de generatia I;

- Pacienti cu fibroza chistica.

I Roxana Filip: roxana. filip@yahoo.com



Pseudomonas aeruginosa

- AmpC codificata cromozomal — rezistenta la aminopeniciline
si cefalosporine;

- Mutatiile — hiperproducere de AmpC-rezistenta la ticarcilina,
piperacilina, aztreonam si cefalosporine de generatia 3 si 4,

- Modificari de permeabilitate ale porinelor- mecanism

asociat;

Rezistenta la cefepima —mutatii in gena care codifica AmpC si

modificari Tn porine.

Roxana Filip: roxana. filip@yahoo.com



 BLSE codificate plasmidic - Nomenclatura
- 1989 Bush grupul 2b (Bush, 1989) capabile sa hidrolizeze
antibioticele cu spectru extins, dar sunt inhibate de acidul
clavulanic; initial Tn 2010- K. oxytoca.
o \Variante Initiale TEM si SHV
- SHV-2 1985 K. ozaenae i1zolata in Germania (Kliebe et al.,
1985);
- Aprilie 2020: 183 variante de TEM si 178 variante de
SHV (https://www.ncbi.nlm.nih.gov).
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e CTX-M

- Raportate in 1980;

- Raspandite din 2000; Tn prezent sunt cele mai comune BLSE
(Peirano, Pitout, 2019);

- Hidrolizeaza cefotaxima sI ceftriaxona mai mult decat
ceftazidime;

- CTX-M15 hidrolizeaza ceftazidima la rate mai mari decat CTX
M3, ceea ce explica larga raspandire (Poirel et al., 2002);

- Frecvent la: Klebsiella pneumoniae si E.coli.
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o Carbapenemaze

« SME

- Serratia marcescens;
- rezistenta la carbapeneme, dar sensibile la ceftazidime;
- rapoarte in Anglia, SUA, dar si restul Europei (Bush,
2020).
e KPC
- 1990
- rezistenta la: cefalosporine, monobactame carbapeneme,
multirezistenta.

« OXA48, 23, 40
-hidrolizeaza penicilinele si carbapenemele, fiind slab inhibate de
Inhibitori, cu exceptia avibactam.
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AMX Amoxicillin

TIC  Ticarcillin
CF  Cephalotin
FOX Cefoxitin

CTX Cefotaxime

AMC Amoxicillin/
clavulanic acid

CAZ Ceftazidime
CFM  Cefixime

GM
™

NET
AN
SXT

NA
PEF
Cip

Gentamicin
Tobramycin
Netilmicin
Amikacin

Trimethoprim/
sulfamethoxazale

Nalidixic acid
Petloxacin

Ciprofloxacin
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E. coli

Phenotype 1: this strain is susceptible to all the antimi-
crobials tested.




€3

£ 15
(AR
e
YET 5 < %
€ A,
't e

E. coli

Phenotype 2: this penicillinase-producing strain is resis-
tant to amoxicillin and ticarcillin.
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E. coli

Phenotype 3: this cephalosporinase-producing
strain is resistant to amoxicillin, cephalotin, and
amoxicillin/clavulanic acid.

The strain is susceptible to the other antimicrobials
tested.




Rene Magritte
Belgian surrealism;
Son of man (1964)
Vizibilul invizibil
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