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SOMMARIO

L’emergere ed il rapido diffondersi di batteri resistenti agli antibiotici é stato
un importante e crescente problema di salute pubblica a livello mondiale negli
ultimi vent’anni.

Attualmente gli Enterobatteri resistenti ai g-lattamici, particolarmente quelli
resistenti ai carbapenemici, rappresentano uno dei principali motivi di
preoccupazione a livello internazionale, poiché la loro resistenza é spesso mediata
da plasmidi e quindi facilmente trasmissibile e provocano epidemie nosocomiali
con elevato tasso di mortalita.

Prioritario & che i laboratori di microbiologia clinica, soprattutto in ambito
ospedaliero, identifichino rapidamente i pazienti colonizzati da ceppi batterici
multiresistenti, particolarmente i produttori di carbapenemasi, cosi da limitarne la
diffusione, prevenire episodi epidemici ed indirizzare rapidamente la scelta di una
terapia appropriata.

La ricerca si muove, quindi, verso lo sviluppo di nuovi strumenti diagnostici
che permettano di individuare rapidamente i ceppi batterici multiresistenti in

campioni clinici, riducendo drasticamente il tempo di refertazione.

Obiettivo del nostro studio & stato validare 1’utilizzo del sistema MALDI-
TOF MS (Matrix Assisted Laser Desorption lonization Time-of-Flight Mass
Spectrometry) come metodo rapido per identificare Enterobatteri produttori di
carbapenemasi, confermando la correlazione tra un caratteristico picco MS
(11,109Da+8) e la produzione di Klebsiella pneumoniae carbapenemasi (KPC).

Sono stati ricercati, inoltre, altri picchi correlati alle carbapenemasi NDM
(New Delhi metallo-g-lactamase) e VIM (Verona integron—encoded metallo-4-
lactamase) e si € valutato 1’utilizzo del sistema MALDI-TOF MS per individuare

rapidamente focolai epidemici.

A questo scopo abbiamo utilizzato campioni clinici selezionati, produttori di
KPC e campioni di controllo sensibili ai carbapenemici o resistenti a causa di altri
meccanismi o per produzione di altri enzimi (NDM e VIM). La presenza del picco

in esame nel 98% dei ceppi produttori di KPC (225/230) e 1’assenza dello stesso



nei campioni di controllo, ha confermato la stretta correlazione tra produzione di
KPC e presenza del picco di 11,109Da nello spettro MALDI-TOF MS.

Abbiamo, inoltre, verificato la possibilita di utilizzare la ricerca del suddetto
picco durante la routine diagnostica, eseguendo I’analisi degli spettri MALDI-TOF
MS su 183 campioni isolati durante lo screening MDR. La presenza del picco di
11,109Da negli spettri del 98% dei ceppi (129/132) con test Carba NP positivo,
produttori di KPC, conferma la possibilita di utilizzare ’analisi degli spettri
MALDI-TOF MS come metodo rapido di screening dei ceppi produttori di
carbapenemasi, economico ed adatto ad investigare un elevato numero di campioni.
In questo modo si possono riservare i piu costosi e complessi metodi molecolari

solo ai ceppi che mancano del picco pur essendo positivi ai test fenotipici.

Non abbiamo, invece, individuato altri picchi correlati alla produzione di
carbapenemasi diverse dalla KPC (NDM e VIM), analizzando gli spettri di 15 ceppi
di Enterobatteri produttori di NDM e 23 ceppi di Enterobatteri e 13 di P. aeruginosa
produttori di VIM. Questo risultato sembra essere in linea con la molteplicita di

plasmidi che portano i geni che codificano per questi enzimi.

Infine 1"utilizzo della MALDI-TOF MS per determinare la clonalita di ceppi
batterici non é risultato particolarmente promettente, rispetto alla Pulsed-Field Gel
Electrophoresis (PFGE) con cui 1’abbiamo comparata, utilizzando 44 ceppi di K.
pneumoniae isolati durante un’epidemia. Il problema potrebbe essere dovuto al

software attualmente in uso.

Il sistema MALDI-TOF MS, si conferma, quindi, uno strumento valido per
identificare rapidamente ed in modo accurato ceppi batterici produttori di
carbapenemasi, il che rappresenta un importante passo avanti nella diagnostica

clinica.



ABSTRACT

The occurrence and rapid spreading of multi-resistant bacteria is an important
issue of public health, which is increasing worldwide over the last two decades.

pS-lactams-resistant  Enterobacteriaceae, with particular reference to
carbapenems, are actually one of the main concerns at international level, as their
resistance is often plasmid-mediated, thus rapidly spread and often associated with
hospital outbreaks with high rates of mortality.

Clinical microbiology labs, especially in hospital settings, require to quickly
identifying patients who carry multi-resistant bacterial strains, especially
carbapenemase producers, in order to contain their spreading, preventing epidemic
outbreaks and rapidly address proper pharmacological therapy.

Research is moving towards development of new diagnostic tools to speed up
identification of multi-resistant strains in clinical specimens, thus drastically
shortening the time necessary to obtain analysis reports. Rapid identification of
colonized patients, in fact, is the only valid strategy to curb epidemic spreading,

mainly when is due to plasmid-mediated resistant determinants.

The objective of this study is to validate the use of Matrix Assisted Laser
Desorption lonization Time-of-Flight Mass Spectrometry (MALDI-TOF MS) for
quick identification of carbapenemase-producing Enterobacteria strains, thus
confirming that a characteristic MS peak (11,109Da#8) is related to Klebsiella
pneumoniae carbapenemase (KPC) production.

Moreover, the presence of other peaks related to NDM- (New Delhi metallo-
p-lactamase) and VIM- (Verona integron—encoded metallo-5-lactamase)
carbapenemases as well as the evaluation of MALDI-TOF MS as a tool to quickly

identify epidemic hotbeds, were investigated.

At this aim, selected clinical samples KPC-producing and control samples
carbapenem-susceptible or carbapenem-resistant through other resistance
mechanisms or producing hydrolytic enzymes other than KPC (NDM and VIM)

were analyzed.



The presence of the 11,109Da peak in 98% (225/230) of the KPC-producing
strains compared to the controls, which lacked the peak, confirmed strong
correlation between KPC production and the presence of the 11,109Da peak in
MALDI-TOF MS spectrum.

The reliability of the method was also verified by searching for this specific
peak during routine workflow, analysing the MALDI-TOF MS spectra of 183
patient samples isolated during multidrug-resistant (MDR) screening. The positive
correlation between the presence of 11,109Da peak and Carba NP test confirmed
the reliability of MALDI-TOF MS analysis as rapid and inexpensive screening
method for carbapenemase-producing strains, apt to investigate a high number of
samples in KPC-endemic context. In this way, the molecular methods more
expensive and difficult to perform during routine workflow, can be used to resolve

discrepant strains only.

We did not find, instead, any correlation between other peaks and
carbapenemases other than KPC, namely NDM and VIM, through the analysis of
the spectra of 15 NDM-producing Enterobacteria strains and 23 Enterobacteria
strains and 13 P. aeruginosa strains VIM producers. This result is in line with the
high number of plasmids harboring the genes codifying for these enzymes.

Finally, the use of MALDI-TOF MS was found not particularly promising as
tool to identify clonal relationship between bacterial strains as compared to Pulsed-
Field Gel Electrophoresis (PFGE) using 44 K. pneumoniae strains isolated during

an epidemic outbreak. brawbacks could be related to the current software.

We therefore confirmed MALDI-TOF MS system is a good tool to quickly
and accurate identifying carbapenemase-producing bacterial strains, that represents

effective advancement in clinical diagnostic.
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INTRODUCTION

1. Antibiotics

Antibiotics are compounds of natural origin produced by microorganisms,
used to treat and prevent bacterial infections. Since their introduction, the
occurrence of many illnesses and the number of deaths from infectious diseases has
been greatly reduced with a consequent extension of life expectancy.

In nature, the role of molecules with antibacterial activity is not fully
understood. Bacteria produce antibacterial compounds that allow survival and
provide competitive advantage against other microorganisms. Effectiveness
depends on the level of concentration. At high concentration, they have killing
effects against bacteria whilst at sub-lethal concentrations they have growth-
inhibitory effects. At sub-minimum inhibitory concentrations, however, these small
signal molecules intervene in chemical communication, as happen in the quorum
sensing [, they can be modulators for gene transcription 2 or function as
pheromones that stimulate bacterial conjugation. I

The use of natural substances to fight illnesses was already known two
thousand years ago in Egypt, Greece and China. However, it is the discovery of
penicillin by Sir Alexander Fleming in 1928 that marks the beginning of the
antibiotic era. [ Chemotherapy takes its roots from the work of Paul Herlich (1854-
1915), who advanced the idea of selective toxicity. It becomes a real science in
1935, when Dogmack launched Prontosil, a sulphanilamide derivative for the
treatment of streptococcal infections. In the late 30s Chain purified and stabilized
penicillin, allowing its clinical use which began in a massive way during the Second
World War. A further milestone is represented by Wakeman’s 1944 discovery of
streptomycin which was later used for tuberculosis treatment. ! When the
industrial production of antibiotics started, it was thought that the battle against
infectious diseases was won. However, as early as 1945, Alexander Fleming
reported the existence of penicillin-resistant microorganisms and raised the alarm
regarding antibiotic overuse. [¢1 Thereafter, antibiotic resistance quickly became a

serious clinical concern.



From the late 1960s through the early 1980s new antibiotics were looked
for in order to solve the problem. Tetracyclines, chloramphenicol, cephalosporins,
carbapenems were marketed but it was soon realized that the development of
resistance is faster than the discovery of new antibiotics. As a result, over a few
decades, resistance to all antibiotics that have been developed was observed. [Fig.
1] The idea that synthetic molecules such as fluoroquinolones can be immune to

the development of resistance, had failed.

ANTIBIOTIHKC RESISTANCE ANTIBIOTIC
INDENTIFIED INTRODUCED

penicllire-f S nophpdocooous

penicaliin

cetracycline

erythromeycen

tetracyclire - Shigelk
¥ methicillin

methicllir-R S rophplocooous
perkciline® presumocoooues

ergthromycin-R Sreeprocoocus = i=in

T MO TSI

gemtamicen-# Erderovooous

imaperem and

ceftandimse-f Erterohactemac e se oeftas =

wvamoompcin-f Entercoooous

levoflmeacin-f presumocoooues etz n

imipenem-f Enterobacteriaceas

ZOF tuberculosis linezodid
linezodid-R S rophplocooous
vancomycin-i Stophpooooous
PDR-Acinercbacter and Prrudamonas dageanmycin

ceftrizacne- B Nelsseris gonanrhosTe
PLR-Emterchacienaceas

ceftaraline-f Srephplocooous

ceftarolne

Fig. 1 Developing Antibiotic Resistance: A Timeline of key events based upon early
reports of resistance in the literature. (From: CDC-Centers for Disease Control

and Prevention) 7]
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Based on the huge number of microorganisms and still unknown chemical
compounds existing in nature, new antibiotics could be developed by using
bioengineering and new genetic methods. 1 However, the processes are not
necessarily economically beneficial for pharmaceutical industries and investments
in this field are limited. There are very few compounds with new mechanisms of
action under developmentand this represents a particularly evident problem for the
treatment of infections caused by multidrug-resistant Gram-negative bacteria. [ [°]
19 Since the year 2000, five new classes of antibiotics have been marketed:
oxazolidinones (Linezolid), lipopetides, pleuromutilins, tiacumicins and
diarylquinolines, but they are all active only against Gram-positive bacteria. 11 All
other antibacterial compounds have just been variations of the existing ones, and

the emergence of resistance does not spare these either.

Antibiotics are classified into different chemical classes and defined
according to their target of action: a) cell wall synthesis, b) protein synthesis, c)

DNA or RNA synthesis, d) metabolic pathway, e) cell membranes. [Fig. 2]

' Rifampin Target DNA Target Cell wall
- B-lactams

HQuinolones ] p— Glycopeptides

Trimethoprim
\. | Sulphonamides

Target RNA

| 508 Inhibition-
Macrolides,
Chloramphenicol,
Clindamycin

305 Inhibition- ‘
Aminoglycosides,
Tetracyclines

Fig. 2 Mechanisms of action of antibiotics: Inhibition of cell-wall synthesis, DNA and RNA synthesis,
protein synthesis and metabolic pathways. (Modified from Coates et al. 2002) [*2
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They are defined as bactericidal when they cause bacterial death and
bacteriostatic if they inhibit cell growth.

a) Antibiotics that affect cell wall synthesis are the class of antibiotics most
widely used. They have a bactericidal effect since they induce cell death by
inhibition of the peptidoglycan biosynthesis, the major constituent of the bacterial
cell wall. The structural integrity of the cell envelop is damaged and the

microorganism cannot survive.

Cell wall synthesis is inhibited by g-lactams (penicillins, cephalosporins,
carbapenems, monobactams) and glycopeptides. The p-lactams inhibit the
transpeptidases enzymes, known as penicillin binding proteins (PBP) preventing
the peptidoglycan units cross-links. Glycopeptides prevent transglycosylase and

transpeptidase activity binding with peptidoglycan units. 3

« Penicillins (penicillin, oxacillin,
methicillin, amoxicillin, etc.) have a common A NH Y
backbone that is 6-amino-penicillanic acid [Fig. 0 ]
3] with various acyl radicals. Benzilpenicillin or T

Penicillin G is a natural compound produced by Fig. 3 Penicillins chemical structure,
mould Penicillium chrysogenum. Penicillins are active against only a narrow
spectrum of Gram-positive bacteria, e.g. S. pyogenes, S. pneumoniae, Enterococci
and sensitive-strains of S. aureus, because they fail to penetrate the outer membrane
of most Gram-negatives. Semisynthetic drugs such as aminopenicillins were
developed later with activity also against some Gram-negative bacteria (Neisseria,
Haemophilus), piperacillin is also active against Pseudomonas aeruginosa and

methicillin is active against S-lactamase-producing strains. !

» Cephalosporins (cephalothin, cefuroxime,
cefotaxime, ceftazidime, cefepime, etc.) have the = MY s
7-aminocephalosporanic  acid as common ’ AN H
backbone. [Fig. 4] The first compound isolated N m' OH

from Cephalosporium acremonium was Fig. 4 Cephalosporins chemical structure.
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Cephalosporin C. In 1964, the clinical use of cephalothin began. Then other
semisynthetic compounds were developed and classified as generations | to V.
Compared to penicillins, these compounds have a wider activity against Gram-
positive and Gram-negative bacteria. Moreover, IV generation cephalosporins are
active also against P. aeruginosa. Cephalosporins are the most clinically prescribed
class because of their strong activity and high tolerability. &

- Carbapenems  (imipenem [Fig. 5],

ertapenem,  doripenem,  meropenem)  are c22

H
derivatives of thienamycin, an antibiotic

produced by Streptomyces cattleya. They are ki

active against a broad spectrum of bacteria, Fig 5 imipenem chemical structure.
including Gram-positive and Gram-negative,

aerobes, anaerobes bacteria and P. aeruginosa. This very important group
represents the last resort in treatment of infections caused by bacteria resistant to
other p-lactams and are used in a wide range of severe infections including
bloodstream infections, hospital-acquired, complicated urinary and respiratory

infections, bone and soft tissue infections, obstetric and gynecologic infections. [

* Monobactams are monocyclic  S-lactams

Aztreonam (0]

isolated from Chromobacterium violaceum [Fig. 6].
N-O
Only Aztreonam, a synthetic derivative, is approved LM

and marketed. It is active only against Gram-negative & j:k o

. . o s’
and aerobic bacteria. [*! 0”0

Fig. 6 Aztreonam chemical
structure.

- Glycopeptides (vancomycin, teicoplanin) are

NHp

OH
active against Gram-positive bacteria, aerobe and J"ivo

1
HI (o]

Amycolatopsis orientalis and patented for clinical use | ™

HO'

H
- - - (¢]
anaerobes. Vancomycin [Fig. 7] was the first oL @
H H
i 4OH
',HO H i H
© CHs

NH,

compound of this class to be isolated from | o ;»N
NH,.H

against penicillin-resistant S. aureus. Teicoplanin was — i i
Fig. 7 Vancomycin chemical
isolated in 1978 from Actinoplanes teichomyceticus, its structure.

activity is similar to that of vancomycin. !
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b) Antibiotics that inhibit protein synthesis interact with ribosomal
subunits. They include aminoglycosides (amikacin, gentamicin, kanamycin, etc.)
and tetracyclines [Fig. 8] that are able to inhibit ribosome subunit 30S by the
alteration of the complex mRNA/aminoacyl-tRNA at the ribosome, causing
mismatching and protein mistranslation, or blocking the access of aminoacyl-
tRNAs to the ribosome. Protein synthesis inhibitor also include macrolides
(azithromycin, clarithromycin, erythromycin, etc.), chloramphenicol, lincosamides
(clindamycin) and oxalidinones (Linezolid) [Fig. 9] that interact with 50S subunit

blocking initiation of protein translation or translocation of peptidyl-tRNAs. ]

O
M

HOFfFH Hs ° | P
H H CH F NN

| ™ (

l odll I NH
o O o o o
o
Fig. 8 Tetracycline chemical structure. Fig. 9 Linezolid chemical structure.

Most of these compounds, e.g. tetracyclines and aminoglycosides are

produced by Streptomyces species or related soil bacteria.

» Aminoglycosides are bactericidal compounds active against Gram-negative

bacteria and some compounds have additive or synergistic activity with other j-

lactams also against Gram-positive cocci. !

 Tetracyclines, Chloramphenicol, Lincosamides are bacteriostatic, active

against Gram-positive and Gram-negative bacteria.

c) Antibiotics that interfere with the
nucleic acid synthesis are fluoroquinolones FDL)]/LOH
(ciprofloxacin [Fig. 10], levofloxacin, moxifloxacin, (\N N l
norfloxacin, etc.) and rifamycins (Rifampin). They ””\) A

are bactericidal with broad antibacterial spectrum.  Fig. 10 Ciprofloxacin chemical
structure.

* Fluoroquinolones target DNA gyrase and topoisomerase IV, enzymes

involved in DNA transcription and replication. They are derivatives of nalidixic

14



acid introduced in 1960s to treat urinary infections. Their broad spectrum of
activity, particularly against Gram-negative bacteria, makes their use very common
for treatment of urinary, respiratory, gastrointestinal, and sexually transmitted

infections. [1°]

« Rifamycins target RNA polymerase which performs RNA synthesis. The
first compound was isolated from Streptomyces mediterranei in 1950. They are

active against many bacterial species and are used in the treatment of tuberculosis.
[13]

d) Antibiotics that interfere with metabolic pathways: sulfonamides are
among the first antibiotics used in the 1930s. Their action interferes with folic acid
synthesis. Usually it is used combined with trimethoprim that increases its activity
in urinary tract infection, but it is also used in malaria treatment or against

Pneumocystis.

e) Antibiotics that act on bacterial cell membranes have a lower selective

toxicity than the previous target and their action can affect eukaryotic cell also.

« Daptomycin, produced by Streptomyces roseosporus is able to permeabilize
membranes containing phosphatidylglycerol, a lipid plentiful in the bacteria cell
membranes but not in human cell membranes. It is active against only Gram-
positive bacteria, because it fails to penetrate the outer membrane of Gram-
negatives.

- Polymyxin B, produced by Gram-positive bacterium Bacillus polymyxa, an
antibiotic known for a long time, no longer used because of its toxicity, but now it
has reappeared and is being used for the treatment of multi-resistant Gram-negative
bacteria, such as P. aeruginosa, Enterobacteriaceae, Acinetobacter and Colistin
(Polymyxin E) product of Bacillus colistinus. These compounds are able to
penetrate into the bacteria cell membranes and disrupt them by interaction with
phospholipids. They are also able to interact with lipopolysaccharide by interfering

with endotoxin action. !

15



2. Antibiotic resistance

2.1 Causes and effects

After a first enthusiastic period in which everyone thought the fight against
infectious diseases was won and when research and production of antibiotic
compounds increased, the truth about resistance appeared and it turned out to be a

great threat.

Antibiotic resistance is a natural phenomenon. Because antibiotics are
natural compounds produced by microorganisms, bacteria encounter them regularly
and over millions of years they have adapted to these drugs, making them less
effective. B Also, it is natural that antibiotic-producing bacteria carry gene
encoding for resistance to the antibiotics that they produce and it is hypothesized
that many resistance genes, principally encoding for antibiotic hydrolyzing
enzymes, for example extended spectrum S-lactamase CTX-M 29 put also target-
protecting enzymes, or efflux-pumps, may originate from Actinomycetes. 4
Furthermore, it was observed that often resistance genes are arranged on bacterial

chromosome in a cluster with genes for biosynthesis of antibiotics. [*°]

We define intrinsic resistance, that of microorganisms which do not have an

antibiotic target or of a bacterial cell which is impermeable to antibiotics. That is,
species-specific and independent from antibiotic misuse. For example, the cell wall
structure of Gram-negative makes them resistant to hydrophobic molecules such as

macrolides, that can’t pass through outer membrane. 6

Bacteria can also show an acquired resistance when they become resistant

through mutation 1 or acquisition of genetic elements, after exposition to
antibiotic. Acquired resistance can be passed by vertical transmission to daughter
cells during binary division or by horizontal gene transfer, in this case the
transmission is also possible between different species of bacteria. Gene exchange

for conjugative transmission is frequent in nature much more than mutations, a very

16



infrequent event (about 1 per 107 to 10% cells), % probably used to regulate

communication and molecules signalling production. [

Resistance genes can encode for various resistance strategies. Resistance to
one specific agent corresponds to resistance to a whole class and cross-resistance
to other classes with the same action mechanism. If several different mechanisms
are present they result in Multidrug-resistance (MDR), or Extensively-drug
resistance (XDR) until Pandrug-resistance (PDR) when all antibiotics are
ineffective. 8 g-lactams, glycopeptides and fluoroquinolons are the classes most

affected by resistance.

The transmission of resistance genes and the spread of antibiotic resistance
witnessed an acceleration with the beginning of large scale clinical use of
antibiotics and especially with their incorrect use, such as unnecessary prescription;
or purchase without prescription; improper dosage and duration; empirical use of
wide spectrum drugs; massive use in livestock and the environment. [ Antibiotic
use at sub-inhibitory and sub-therapeutic concentrations, in fact, can kill sensitive
bacteria and select resistant strains that then multiply. Moreover, it increases the
virulence and the interaction with host immune response. Also, genetic
modifications are promoted and changes in the expression of bacterial resistance

genes. B1127]

Imprudent use of antibacterial products, also sold for hygienic or cleaning
purposes and the overuse of antibiotics as growth promoters in livestock increases
the problem for the mobilization of resistance genes from environmental and
animal’s bacteria to commensal and pathogenic strains in humans through water
and food. [®112% Therefore we use the concept of resistome, which is the set of genes

that are directly or indirectly involved in antibiotic resistance. [10120]

The idea that antibiotic resistance is a new phenomenon, therefore, is not
true. Genes encoding resistance to pS-lactams, tetracyclines and glycopeptides
antibiotics were found in permafrost 30,000 years-old. [2°1[21] Resistance is a natural
evolution enhanced by misuse of antibacterial, horizontal gene transfer, and

increasing human connections around the world. These factors amplify the

17



phenomenon and increase the global spread of resistant strains, leading to
dangerous epidemics for which there is no effective treatment, thus increasing the

awareness of the problem. [

Development of synthetic molecules does not solve the problem either as
their wide and prolonged use leads anyway to the development of resistance even
if less quickly at the beginning. This discourages investment in research,

development and marketing of new drugs.

Resistant bacteria grow in the presence of antimicrobial substances at
concentrations that usually kill or inhibit their growth. Drugs become ineffective
and this leads to reduced options for treatment and to longer and more severe illness
and an increase in mortality rates. In this way, previously controllable common
infections and diseases, again become potential killers, especially in hospitals.
Units such as Intensive care (ICU), hematology, neonatology, or transplantation
care are exposed to greater risk and have a two-fold mortality rate. [Tab. 1] 221123l

The problem is clinical, with high rates of morbidity and mortality that can
reach 50-80%, but it also has a high economic impact due to the high costs of
prolonged hospitalization, prolonged treatments, the use of more expensive drugs,
increase in the need for screening tests and the need for greater investment in new

treatments, diagnosis and prevention.

Tab. 1 Mortality attributable to antibiotic-resistant bacteria (From WHO) [24]

Risk of Death is Higher in Patients Infected
with Resistant Strains

‘Outcome (number of studies included) Resistant Not resistant RR (95% CI)
Escherichia coli resistant to:

31 gen. cephalosporins Bacterium attributable mortality (n=4) 236 126 2.02(1.41t0 2.90)

Fluoroguinolones Bacterium attributable mortality (n=1) 0 0

to:

3 gen. cephalosporing Bacterium attributable mortality (n=4) 20 101 1.93(1.1310 3.31)

Carbapenems Bacterium attributable mortality (n=1) 27 136 1.98 (0.6110 6.43)

taphy aureus resi to:

Methicillin (MRSA) Bacterium attributable mortality (n=46) 26.3 16.9 1.64(1.4310 1.87)

| Antimicrobial Resistance

Global Report on Surveillance 2014
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2.2 The size of the problem

At this point, it is clear that antibiotic resistance is a widespread
phenomenon. In 2013, the Centers for Disease Control and Prevention (CDC)
declared that the human race is now in the “post-antibiotic era”. I’ In 2014, World
Health Organization (WHO) recognized that antimicrobial resistance is a global
public health crisis, and published a “Global report” to show the situation of
antimicrobial resistance in the world, related to tuberculosis, HIV, malaria,
influenza and nine selected bacteria. [Tab. 2] 24

Tab. 2 Combination bacteria/antibiotics focused on WHO Global report 2014 24

Selected Bacteria/Resistance Combinations

Bacterium Resistance/ decreased
susceptibility to:

Escherichia coli 3 g ion cephalosp
fluoroquinolones
Klebsiella pneumoniae 3™ generation cephalosporins,
carbapenems
Staphylococcus aureus Methicillin (betadactam antibiotics) i.e. MRSA
Strep p i Penicillin
Nontyphoidal Saimonella (NTS) Fluoroquinolones
Shigeila species Fluoroquinolones
Neissena gonorrhoeae 3 generation cephalosporins

%, World Health
| Antimicrobial Resistance ) Organization

Global Report on Surveillance 2014

The real extent of the problem, however, is not known, because not all
countries carry out active surveillance on antibiotic-resistant bacteria and routinely
surveillance is only for severe infections. Even then data collection is very limited.
Of 194 countries, 129 (66%) returned information to WHO for this survey, with the
largest gaps in Africa, the Middle East and European countries outside the European
Union. 2124 [Tab. 3]
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Tab. 3 Countries that provide information to WHO on availability of national data on resistance for nine
bacteria/antibacterial drug resistance combinations (From Global Report 2014 WHO) 24

No. of Member 1990194
States returning FHWATBTRY | 21/36 (60%) 11/ (52%]) | A2/03 (7% 911 (B2W) 12T (TO%) 166%)
information (%)

Returned data
set{s)/

no. of Member
States (%)

ZAGT 49%) | 2135 (60%) | T/21 (32%) | 3BISI(TAK) | 617 (55%) 19027 (70%) :51;9';;%

Responded “No
national data 4 - 4 & ] o 15
available”

Mo information
obtained for this 20 14 10 1 2 B &5
report

AFR, African Region; AMR/PAND, Region of the Amevicas/Pan American Healih Organization; EMR. Eastern Mediterranean Regiany EUR, Ewopaan Regian;
SEAR, Saunh-Exsr

| Canteol amd AMR forwanded data almady collectod in their existing sunllance metworks.

As for morbidity, disability adjusted life years, mortality, length of hospital
stay, cost of care, related to antibiotic-resistant infections, there are only estimates
for Europe, USA and the rest of the World published by European Centre for
Disease Prevention and Control (ECDC), CDC and WHO. [Fig. 11] /11221 [25][26]

CDC estimate that each year in the USA, about 2 million people acquire
infections with antibiotic-resistant bacteria, and 23,000 people die as direct result
of these infections. Many others die from conditions complicated by antibiotic
resistant infection. [/ ECDC reports that each year, about 25,000 patients die in
Europe, from an infection with multidrug-resistant bacteria and these infections

count for an extra 2.5 million hospital days. [°!

To obtain information about the costs associated with antibiotic resistant
versus antibiotic sensitive pathogens, is very difficult and few economic studies
have been carried out. 2 The economic burden of antibiotic resistance was
estimated to be at least 55 billion dollars in the USA in 2000 2% 2 and EUR1.5
billion in Europe in 2007. ?°1 For the USA, productivity losses are estimated to be
64% of the total estimated 55 billion dollars, whereas for Europe, the estimate is
40% of the total estimated EUR1.5 billion. [']
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Estimates of Burden of Antibacterial Resistance

European Union Thailand United States
population 500m population 70m population 300m

25,000 deaths per year >38,000 deaths >23,000 deaths

2.5m extra hospital days =3.2m hospital days =2 0m illnesses

Overall societal costs Overall societal costs Overall societal costs
(€ 900 osp. days) US$ 84.6-202.8 mill. direct Up to $20 billion direct
Approx. €1.5 billion per year =US$1.3 billion indirect Up to $35 billion indirect

Source: Pumart et al 2012 Source: US GDC 2013

Global information is insufficient to show complete disease burden impact and costs

| Antimicrobial Resistance g“r%r;?]ilggte‘iltm

Global Report on Surveillance 2014

Fig. 11 Estimates of deaths, hospital days and cost for European Union, Thailand and the
USA. (From WHO) 4

The Italian National Health Institute (ISS) published a report on antibiotic
resistance surveillance from 2005 to 2008, which shows a stable trend for Gram-
positive and an increasing trend for Gram-negative bacteria, especially for
fluoroguinolones, aminopenicillins and aminoglycosides in E. coli e K.
pneumoniae/oxytoca, with differences between North and South. 281129

The ECDC report confirms Italy has one of the highest resistance rates in
Europe, with an increasing trend in the last years especially for Gram-negative

bacteria and high percentages of invasive infections. [2°1[261[28112%] [Tah. 4] [Tab. 5]
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Tab. 4 Antibiotic resistance trend in Italy from 2003 to 2013 (Data ECDC) [?]

Antibiotic resistance from 2003 to 2014

Table 2: Annual percentage (%) of antimicroblal non-susceptible and resistant Isolates, 2003—2014
| Microorganism by antimicrobislgrosp | 30e3| a004| aoos| asok| awoy| aoe8| avey| ze1e] aem| ae1a| aesz| aou

Penicillin & 5 5‘ 5 a 3 3 3 5 [ 6 7 5
Penicillin RI 3 14 3 7 15 i & 9 T 12 % 5
Macrolides RI W 3 B 3 2% £ 2 7 £ x5 ]
Oxacillin/meticilin R ) u- n N 37 w o x5 36 ']
Aminopenicilins & 52 53 5% 56 5 62 5] £y &7 £8 L 65
Aminaglyeosides R 6 ] # L] i 14 13 % ] H 1] ]
Flusroquinslones R 0 EL] ® 7 32 38 36 ko] L 42 42 L]
Third-generation cephalosparins B [1 4 B 7 H E1 17 H 20 % 26 b2
Carbapenems B - - - - Ul L] i L] i L] i L]
mewecmsfecdls
Aminapenicilins Bl L} 4 L} 4 4 n 20 ] n L] 4 1
HL gentamicin & k] 36 38 38 39 L [1] e L1 4] 46 4
Vancomycin R 2 2 3 3 ] z 3 2 3 1 1 L
(memoconfeedum
Aminapenicilins Bl 0 78 m 86 B 64 6o b 8 L) B2 L]
HL gentamicin & L] 3% 3 L] 53 9 £2 5 1] &3 5 L1}

B i 18 1n ] ] 8
Aminaglycesides B - 8 % £ " L 3 E3 42 L3 L]
Fluoroquinalones R - - n 2] 7 L] 20 ] 46 50 Sh 5%
Third-generation cephalosparins B - - ] B 13 ¥ 7 o 113 4B % 56
Carbapenens B - - | - 1 i 2 1 %5 7 9 3 3
Psesdomonesmerogiooss
Piperacillin + tazobactam & - - - 3 20 b1 4 H 22 kil n H
Celtazidioe B = = = 20 F 24 * 18 16 2% 24 25
Carbapenims R - - - H Erd 13 31 1 2 1 26 26
Aminoghyosides B - - - k- 9 10 E] n o ] 7 E')
Flworoquinolones B - - - 36 % % 42 #n 26 #n 29 28
Fluarequinalones B - - - - - - - - - B L] 52
Aminagiyoosides B - - - - - - - - - L] 8 &
Carbapenems B - - - - - - &2 S0 ]

Tab. 5 Details about invasive infections caused from antibiotic resistant bacteria (Data ECDC) [?]

Demographic characteristics

Table 3: Selected detalls on Invasive isolates reported for 2012 and 2013

Gnuisle | SHematee | Sumw | Eol | jmalks | Ejocn | Cpomosse | Aoy |
% otal | %MSP| %ot | %ol NAEC| %total| %VRE| %total| %VRE| %iotal|%60M0| %uotal| %]
desowre
Blood 86 1 wo 36 100 iz 00 1 100 4 W [#3 o8 3
CSF 1 E] - = i i = = - - 1 8 2 1]
Gy
Male i o8 % W7 W LI 6 % m % om
Female 3 ¥ # ¥ i ] z i 3 3 E ] 4 7 n
Unkaown LI L2 4§ 8 ) j om J CIRL A
gl
-4 2 0 1 ) 1 1 1 1] 1 L] 1 24 1 Fil
519 2 n 1 i i1 L] 1] (] - - L] ] i 14
26§ 1% 1 15 H 1 (1] 1§ 1 1 i % g i L]
&5 and over .3 1z 23 18 1 4! W H ] § W 5 EL El
Unkagwn () LCRN A LI A I '} 1 & LI AN ..
Mespaldeparment
L y 0w om g 6 0B om : % & w®m  § m %
Intemal med ) T kil ¥ kL L] 1 ] 3 4§ » i % L]
Surgary i & 15 i i ] i i i 3 i 52 1 L
Other 13 18 36 n iz a 36 H n 1 % i £l b

PNSF: ﬂEﬂl(Iun-Ml-SUSIEFIlIIL! 5. preumonioe; MESA: medcllin-resisiant 5. gureds; REC: Muoroquinolone-resisiant E. coi; VRE: yancomycln-resisiant E. frecals

or E. faechm, JGCRIP =

- generation cephakosporn-resisiant £. preumonioe; (RPA = Carbapemem-resisiant P. deruginos.

N

2



Also in Verona hospital, the number of multi-resistant strains is increasing.
During the period 2009-2015 we observed a general increase of resistant strains
isolated. For example, carbapenem-resistant K. pneumoniae strains isolated in our
hospital, were 1.94% in 2009, and arose 61.76% in 2011, dropped to 39.2% in 2015,
after the beginning of the screening program in 2013 [Graph. 1]
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Graph.1 Meropenem-resistant K. pneumoniae strains isolated in Verona hospital between
2009 and 2015

2.3 Action plan

All national and international agencies recognize antibiotic resistance as a

complex problem that concerns all nations and requires immediate global measures.

In the last few years many resolutions and recommendations have been
proposed and numerous reports have been written. All agree on the need for prudent
use of antibiotics, prevention of infections and development of new drugs, and
everybody recognize the crucial role of health care