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Multidrug-resistant, extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim standard
definitions for acquired resistance

A.-P. Magiorakos', A. Srinivasan?, R. B. Carey?, Y. Carmeli’, M. E. Falagas*®, C. G. Giske®, S. Harbarth’, J. F. Hindler®, G.
Ka.hlmeter’, B. Olsson-l.iljequist'o, D. L. Paterson' '. L. B. Rice". B Stellingu. M. ). Struelens', A. Vatopoulos", | B4 = Weber®
and D. L. Monnet'

TABLE 6. Definitions for multidrug-resistant (MDR), extensively drug-resistant (XDR) and pandrug-resistant (PDR) bacteria

Bacterium MDR XDR PDR
Staphylococcus aureus The isolate is non-susceptible to at least | agent The isolate is non-susceptible to at least | agent in all Non-suscepubilicy
in 23 antimicrobial categories listed in Table I* but 2 or fewer antmicrobial categories in Table |. to all agents in all
antmicrobial categories
Enterococcus spp. The isolate is non-susceptible to at least | agent The isolate is non-susceptible to at least | agent in all for each bacterium in
in 23 antimicrobial categories listed in Table 2 but 2 or fewer antumicrobial categories in Table 2. Tables 1-5
Enterobacteriocece The isolate is non-susceptible to at least | agent The isolate is non-susceptible to at least | agent in all
in 23 antimicrobial categories listed in Table 3 but 2 or fewer antimicrobial categories in Table 3.
Pseudomonas aeruginosa The isolate is non-susceptible to at least | agent The isolate is non-susceptible to at least | agent in all
in 23 antimicrobial categories listed in Table 4 but 2 or fewer antimicrobial categories in Table 4.
Acinetobacter spp. The isolate is non-susceptible to at least | agent The isolate is non-susceptible to at least | agent in all
in 23 antimicrobial categories listed in Table 5 but 2 or fewer antimicrobial categories in Table 5.

*All MRSA isolates are defined as MDR because resistance to oxacillin or cefoxitin predicts non-susceptibility to all categories of fi-lactam antimicrobials listed in this docu-
ment, with the exception of the ant-MRSA cephalosporins (i.e. all categories of penicillins, cephalosporins, fi-lactamase inhibitors and carbapenems currently approved up
until 25 January 2011).

httpiiwww.ecdc.europa.ew/en/activities/diseaseprogrammes/ARHAI/Pages/public_consultation_clinical_microbiology_infection_article.aspx.

Clin Microbiol Infect 2012; 18: 268-281
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MDR organisms in the healthcare setting: from
ESKAPE to ESCAPE

« We are currently facing new microbiological,
infection control and clinical issues, and the
epidemiologic variations observed in the last
years highlighted the need of a change from the
Initial proposed acronym:

« “ESKAPE” “ESCAPE”
E. faecium E. faecium
S. aureus S. aureus
K. pneumoniae - C. difficile
A. baumannii A. baumannii
P. aeruginosa P. aeruginosa

Enterobacter species Enterobacteriaceae
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Flgure 3.15. Acinetobacter spp. Percentage (%) of invasive isolates with resistance to carbapenems, by country,
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Figure 3.15. Pseudomonas aeruginosa. Percentage (%) of i ive isol. with resk e to carbap by country,
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Figure 3.23. Staphylococcus aureus. Percentage (%) of invasive isolates with resi & to meticillin (MRSA), by
country, EU/EEA countries, 2014
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Fig 2| Antibiotic resistance by region. Increasing rates of extended spectrum B lactamase (ESBL) carriage in Klebsiella pneumoniae (KP) and Escherichia coli (EC)
and high rates of fluoroquinolone resistance are seen in all regions, whereas amikacin resistance remains relatively rare. Data were collated from the SMART
studies of intra-abdominal and urinary tract infection.’** Fluoroquinolone and aminoglycoside resistance data for the Asia-Pacific region come from Mendes and
colleagues”

Iredell J et al. BMJ 2015; 351: h6420



CDC: Action needed now to halt spread
of deadly bacteria

“CRE are nightmare bacteria. Our strongest antibiotics
don’t work and patients are left with potentially
untreatable infections,” said CDC Director Tom Frieden,
M.D., M.P.H.

“Doctors, hospital leaders, and public health, must work
together now to implement CDC’s “detect and protect”

strategy and stop these infections from spreading.”

CDC 2013, media release



Determinants of Carbapenem-Resistance

Table 1. Classification and activities of the more common acquired carbapenemases

Ambler
Enzyme type enzyme class Spectrum of activity Organism(s)
KPC A All B-lactams (isolates with these enzymes Enterobacteriaceae,
can test susceptible to carbapenems, cefepime, P. aeruginosa
and cephamycins)
SME A Carbapenems and aztreonam, but not extended- S. marcescens
spectrum cephalosporins
NMC-A, IMI A Same as for the SME family Enterobacter spp.
GES A Imipenem and extended-spectrum cephalosporins P. aeruginosa, Enterobacteriaceae
IMP, VIM B (metallo- All B-lactams (isolates with these enzymes can Pseudomonas spp.,
B-lactamases) test susceptible to aztreonam) Acinetobacter spp.,
Enterobacteriaceae
OXA D Carbapenems (weak activity) A. baumannii, P. aeruginosa,

and rare reports in Enterobacteriaceae

Patel JB et al. Clin Microb Newsletter 2009;

31:55-62



Epidemiology of Carbapenem-Resistance

Canada 2008
KPC-3 Imported

USA 1996
KPC.2 and KPC.3
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Figure: Epidemiological features of producers of Klebsiella pneumoniae carbapenemases by country of origin

Other carbapenemase types include VIM, OXA-48, or NDM. KPC=Klebslella pneumoniae carbapenemase.

Munoz-Price LS et al. Lancet Infect Dis 2013; 13:
785-96



Carbapenemases other than KPC

SME (class A) - restricted to the chromosome of Serratia marcescens;

does not hydrolize ceftazidime;

Metallo-beta-lactamases (MBLs), or class B beta-lactamases, such as
NDM (New Delhi metallo-beta-lactamase), VIM (Verona Integron
Mediated MBL), and IMP (initially found in imipenem-resistant S
marcescens)—> potent carbapenemases and cephalosporinases. They do

not hydrolize the monobactam aztreonam.

OXA-48 enzyme (class D), difficult to detect mechanism of resistance;

relative inactivity against cephalosporins.
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Figure 4. Geographic distribution of New Delhi metallo-B-lactamase-1 producers, July 15, 2011.
Star size indicates number of cases reported. Red stars indicate infections traced back to India,
Pakistan, or Bangladesh, green stars indicate infections traced back to the Balkan states or the
Middle East, and black stars indicate contaminations of unknown origin. (Most of the information
corresponds to published data; other data are from P. Nordmann.)

Nordmann P et al.
Emerg Infect Dis 2011; 17



Isolation of NDM-1-producing Pseudomonas aeruginosa

sequence type ST235 from a stem cell transplant patient

1 : A Carattoli’, D Fortini‘, R Galetti', A Garcia-Fernandez’, G Nardi?, D Orazi’, A Capone?, | Majolino?, A Proia, B Mariani?, G Parisi?,
1n Ita IY, May 2013 A Morrone?, N Petrosillo (nicola.petrosillo@inmi.it)?

Susceptibility fattem of NDM-1-positive Pseudomonas
aeruginosa isolated from blood cultures and perianal Euro Surveill 2013; 18:46

abscess, Rome, May 2013

Antiblotics MIC (pg/mL), interpretation result®

Amikacin »16, R

Aztreonam =16, R

Cefepime »8, R

Ceftas il '8, R We describe the first isolation of an NDM-1-producing
Ciproftoxacin YR Pseudomonas aeruginosa in ltaly. In May 2013, a
Colistin <1, 5 patient with acute lymphoblastic leukaemia and
Gentamicin 4, R history of prior hospitalisation in Belgrad, Serbia,
Imipenem )8, R underwent stem cell transplantation at a tertiary care
Levorlasacin 2,8 hospital in Rome, Italy. After transplantion, sepsis by
NEOUETER il NDM-1-producing P. aeruginosa occurred, leading to
Piperaclillin »16, R .

- v septic shock and fatal outcome.

Tobramycin ¥4, R

MIC: minimum Inhibitorv concentration R: resistant: S: susceptible



High rate of colistin resistance among patients with carbapenem-resistant
Klebsiella pneumoniae infection accounts for an excess of mortality

A. Capone', M. Giannella', D. Fortini’, A. Giordano’, M. Meledandri‘, M. Ballardini‘. M. Venditti’. E. Bordi®, D. Capozzi’.
M. P. Balice", A. Tarasi’, G. Parisi'®, A. Lappa'®, A. Carattoli’, N. Petrosillo' and on behalf of the SEERBIO-GRAB

network' Clin Microbiol Infect 2013; 19: E23—-E30

TABLE 4. Multivariate analysis of risk factors for in-hospital
mortality in patients with infection due carbapenem-resistant
Klebsiella pneumoniae (CR-KP), adjusted for appropriate
antibiotic treatment, combination therapy and removal of

the infectious source

OR (95% CI) P
Charlson comorbidity score 1.42 (1.15-1.76) 0.001
Hospitalization in intensive-care unit 18.05 (3.90-83.51) <0.001
Bloodstream infection 492 (1.35-17.28) 0.0l

Infection due to a colistin-resistant strain 4.15 (1.17-14.74) 0.02




Table 3. Metallo-p-lactamases.

IMP 1-26

WVIM 1-23

SPM-1

GIM-1
5IM-1
NDM-1

NDM-2
AlM-1
KHM-1

DiM-1

1988

1997

2001

2002
2003-2004
2006

2011
2007
1997

2007

Enterobacteriaceae
Pseudomonas spp.
Acinetobacter spp.

Enterobacteriaceae
Pseudomonas spp.
Acinetobacter spp.

Pseudomonas
aeruginosa

F. aeruginosa
Acinetobacter baumannii

Acinetobacter spp.
Enterobacteriacease

Acinetobacter spp.
F. aeruginosa

Crtrobacter
freundii

Pseudomonas stutzeri

Worldwide

Worldwide

Brazilt

Germany
Korea

Worldwide

{Ficumre 2)
Egypt
Australia

Japan

The

Metherlands

tSingle report of an isolate of 5PRA-1 in Europe in a patient who had received healthcare in Brazil [77].

Plasmid or
chromosomal

Plasmid or
chromosomal

Chromosomal

Plasmid
Chromosomal

Plasmid

Chromosomal

Plasmid

Plasmid

[63]

[64.65]

Patel G et al. Expert Rev Anti
Infect Ther 2011; 9: 555-570



Hospital and Societal Costs of
Antimicrobial-Resistant Infections (ARIs)

An economic analysis of the

Chicago Antimicrobial Resistant Project
dataset:

188 / 1391 patients (13.5%) with ARI

Medical costs _
attributable to ARI $18,588 - $29,069 / patient

Excess LOS 6.4 - 12.7 days

Attributable mortality 6.5%

Societal costs $10.7 - $15.0 million

Roberts RR et al. Clin Infect Dis 2009;49:1175-84.



Bacteria that already show Broader public health issues for

concerning resistance levels which resistance is a concern
Klebsiella pneumonia HIV

Escherichia coli (E. coli) Tuberculosis (TB)
Staphylococcus aureus Malaria

The Review on Antimicrobial Resistance

Chaired by Jim O'Neill
December 2014




Deaths attributable
to AMR every year
compared to other
major causes of death

AMR in 2050
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Deaths attributable
to AMR every year
by 2050
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AMR’s impact on World GDP
in trillions of USD
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The secondary health effects of AMR:
a return to the dark age of medicine?

 Less surgery for the risk of AMR

- Caesarean sections contribute about 2% to world GDP
- Joint replacements add about 0.65%

- Organ transplant add about 0.1%

 These are just a small number of the areas in modern
medicine that risk being undermined if we do not have
effective antibiotics in the future

« Concerns for international travels-> less trade
affecting mainly developping countries

Left unchecked, the current trend in rising
drug resistance is a crisis of global scale
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