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The evolving threat of
antimicrobial resistance

Options for action

LA RESISTENCIA A LOS /4
Brussels, 15.11.2011 "h ANTINI:R“B'ANOS Ji!

EUROPEAN A —
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COMMUNICATION FROM THE COMNMISSION TO THE EUROPEAN
PARLIAMENT AND THE COUNCIL

Action plan against the rising threats from Antimicrobial Resistance ; S| no a:tuamos hqy, . o
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Antimicrobial Resistance

Recommendations for future collaboration
._ between the U.S. and EU

' 2011
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La resistencia es la respuesta evolutiva

al uso intensivo y continuado de los antibioticos

FRRMACIA]
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Efecto de los antibidticos

ANTIBIOTICO

microbiota
endogena

bacteria
patdgena




Efecto de los antibidticos
ANTIBIOTICO

Desequilibrio especies
Seleccion bacterias R

microbiota
endogena

bacteria
patdgena




Plataformas genéticas de adquisicién y

movilizacién de genes de resistencia

Gen integrado

gac sul
[T = - - e e e e

Integrasa

Promotor attC
59 pb

Integron

attC
Casete génico

Plasmido
multigénico

Cassette 1 Cassette 2 Cassette 3



Plataformas genéticas de adquisicién y

movilizacién de genes de resistencia

Gen integrado

Integrasa A gac sul s N
prvve oot e MULTI-RESISTENCIA
Casete génico Integrén CO-SELECCION

\ y

IR

/

Transposon

Plasmido
multigénico

Cassette 1 Cassette 2 Cassette 3



Transferencia de genes de resistencia




Diseminacion de la resistencia



Diseminacion de bacterias resistentes a antibioticos

en diferentes ecosistemas
Algunos aspectos de preocupacion

Escherichia coli productor de BLEES
SARM

Enterococcus resistente a vancomicina
Carbapenemasas en Enterobacterias
Resistencia a FQ, Ags, TET....
Integrones, pldsmidos

.. etc
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European Food Safety Authority The EFSA Journal 993, 1-73

Assessment of the Public Health significance of meticillin resistant

Staphyvlococcus aureus (MRSA) in animals aud fouds

ST

Scientific Opinion of the Panel on Biological Hazards

(Question No EFSA-Q-2008-300)

Adopted on 5 March 2009

S
e
- efsa
European Food Safety Authority EFSA Journall201 1 |9(8):2322
| I—

SCIENTIFIC OPINION

Scientific Opinion on the public health risks of bacterial strains producing
extended-spectrum f-lactamases and/or Amp C, j-lactamases in food and

EFSA Panel on Biological Hazards (BIOHAZ)

European Food Safety Authority (EFSA), Parma, Italy



Transferencia de bacterias-R entre

diferentes ecosistemas

E. coliy S. aureus
Microbiota de personas y animales sanos
Patogenos oportunistas
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E. coli con

BLEEs




E. coli productor de BLEE

Con frecuencia multi-resistencia

' Importante problema clinico |

Evolucion de BLEEs (HRyC)

400+

O Other Enterobacteriaceae

3501
O Enterobacter spp

300 B K. pneumnoniae

O E. coli

na

43}

o
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Canton & Coque, C
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OM, 2006

Emergencia de
BLEEs tipo CTX-M

Ultima década
E. colr




Diseminacion de beta-lactamasas CTX-M
A nivel hospitalario

g
G
C W cxvis > ST131-B2

D Others

Lebanon, b Israel, ¢ Kuwait

Hawkey & Jones JAC. 2009



Distribucion £. coli BLEE+

Estudio multicentrico (Diaz et a/., JCM 2010)

[eTx-m-14 | [ cTx-M-14 CTX-M-14
| CTX-M-27 SHV-12
or% M1e | shvz

CTX-M-32 |_SHv12 |
SHV‘1 2 - - A
N 3 4 - .

a
| P 'gl'"
s 5 teon i 2006
L.___CI’S:M:E.._. 5 { k ?“ °
_ v (e 44 hospitales
CTX-M-9 . iy
CTX- M-14 manca J
CTX-M-32
CTX-M-3 l6n | SHV-12
CTX-M-15 [ sfvez
CTX-M-57 i Islas Baleares
SHV-12
oTXM4 | nte
[GTX-M-1SW M sHv-12 | g-u-g CTX-M-9

SHv-12 | ——————d ! I / CTX- M-14

|_TEM52 =5 W =i ) | CTX-M32 SHV-12
T | cmm1s |
‘_“_x;: Vol “ Alr |_SHEA2 |
iz
L8 o .m\ “eman

VAN | e BLEEs mayoritarias:

CTX-M-9 | SHV-12

o couse | CTX-M-14: 47 %

CTX-M-15 CTX-M-15

T SHV-12: 27%

CTX-M-15: 14%
CTX-M-9: 8%

E. col/-BLEE+
Multicentrico bacteriemias origen urinario

CTX-M-15 >50% Merino et al., SEIMC-2013




BCMR clinical Microbiology Reviews, Oct 2013

Trends in Human Fecal Carriage of Extended-Spectrum B-Lactamases
in the Community: Toward the Globalization of CTX-M

Paul-Louls Woerther,* Charles Burdet " Elisabeth Chachaty,® Antoine Andremont®
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Prevalencia de portador fecal de ESBL en la comunidad

a lo largo de una década (regiones geograficas OMS)




FBCMR  clinical Microbiology Reviews, Oct 2013

Trends in Human Fecal Carriage of Extended-Spectrum (-Lactamases
in the Community: Toward the Globalization of CTX-M

Paul-Louls Woerther,” Charles Burdet,"~ Elisabeth Chachaty,” Antoine Andremont™

Europa
35 millones

Pacifico Oeste
280 millones

editerraneo Este § Sureste Asiatico
el Africa 280 millones 1000 millones
RGO 10 millones

Estimacion del Numero portadores fecales de ESBL-E en la

Comunidad en 2010 (agrupamiento geografico, OMS)
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Primera descripcion de BLEEs

en animales-consumo

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, June 2003, p. 2056-2058 Vol. 47, No. 6
0066-4804/03/508.00+0 DOIL: 10.1128/AAC.47.6.2056-2058.2003
Copyright @ 2003, American Society for Microbiology. All Rights Reserved.

Detection of CMY-2, CTX-M-14, and SHV-12 B-Lactamases in
Escherichia coli Fecal-Sample Isolates from Healthy Chickens

Laura Brifias,' Miguel Angel Moreno,? Myriam Zarazaga,' Concepcién Porrero,?
P 2. 3 2 .
Yolanda Sdenz,' Maria Garefa,” Lucas Dominguez,” and Carmen Torres'*

|

2000-2001
CTX-M-14, SHV-12

Pollos (matadero)
Espaia
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E.coli BLEE+

Animales-consumo y alimentos

Espana y Portugal

CTX-M-1, 9, 14

>50%

ﬂ

CTX-M-14,

CTX-M-9, SHV-12, TEM-52

25% (derivados pollo)

CTX-M-14, SHV-12

CTX-M-1, 9, TEM-52

TEM-52

CTX-M-14, 32

CTX-M-14

TEM-52

Costa et al., 2009; Goncalves et al. 2010; Carneiro et al., 2010; Escudero et al., 2010; Somalo et al., ESCMID2011; Moreno et al., SEM 2007




E. coli BLEE+ -Animales de consumo/alimentos

ALIMENTOS GRANTJTAS

100% pollos
80% cerdos
20% conejos
Mesa et al., 2006

ALIMENTOS

97 %

CTX-M-15 (pavo)/GF-A
o[ A6 = () .




E. coli BLEE+ -Animales-consumo/alimentos

CTX-M-1, -32
SHV-2, -5

CTX-M-15
CTX-M-8

Brifias et al., 2003; Brifias et al., 2005; Blanc et al., 2006; Escudero et al., 2010; Egea et al., 2012; Somalo et al., ESCMID2011;
Lavilla et al., 2008; Ojer-Usoz et al., 2013; Mora et al., 2010



AT

E. coli BLEE+ en animales-consumo y alimentos

CTX-M-1, -14, -8
SHV-5




E. coli BLEE+ en animales-consumo y alimentos

" ":i‘ .'!'u'l.i' L
L

USA
CTX-M-1, 29
i

Prevalencias muy variables (metodologia):
0,2 - > 50%

CTX-M-1
CTX-M-14, SHV-12, TEM-52

T “ N\ Ty

Tidnez
CTX-M-1, -14, -8

= SHV-5

S




E. coli CTX-M-15 en animales-produccion
y alimentos

P j
Smet et al., 2008; Tian et al., 2008; Madec et al., 2008; Lim et al., ZOWﬁandall eﬁﬂ 2011; Kirsner et al., 2011; Egea et al., 2012



E. coli BLEE+
i Animales salvajes y de vida libre

CTX-M-14, CTX-M-1, | CTX-M-1 TEM-52
TEM-52, SHV-12 SHV-5, TEM-20 CTX-M-1, 14, 32

10% 5% 4%
CTX-M-1 CTX-M-1, CTX-M-14 SHV-12 TEM-52, SHv-12

SHV-12, TEM-52

Radhouiani et al., 2013; Goncalves et al., 2012; Goncalves et al., 2012; Sousa et al., 2011; Pinto et al., 2010; Radhouiani et al.,, 2010; Poeta et al.,
2008; Poeta et al., 2009; Costa el al., 2006



E. coli productor de CTX-M-15 en
animales de vida libre

P : .
Bonnedabhl et al., 2009, 2010; Literak et al., 2009, 2010; Doleska et al., 2009; Guenterfgt;zll., 2010 ; Simoes et al., 2010; Hernandez et al., 2010



E. coli BLEE+

Muestras ambientales: tierras-aguas- aguas
residuales

fromifars in ORIGINAL RESEARCH ARTICLE
i published: 09 March 2012
MICROBIOLOGY doi: 10.3389/imicb 2012 00083

Occurrence of CTX-M producing Escherichia coli in soils,
cattle, and farm environment in France (Burgundy region)

Alain Hartmann'?*, Aude Locatelli’, Lucie Amoureux?, Géraldine Depret'?, Claudy Jolivet*, Eric Gueneau®
and Catherine Neuwirth*

WATER RESEARCH 44 (2010) 1981-1985

Available at www.sciencedirect.com WATER
RESEARCH

-—
*,* ScienceDirect

journal homepage: www.elsevier.com/locate/watres

ESBL-producing E. coli in Austrian sewage sludge

Franz Ferdinand Reinthaler ®*, Gebhard Feierl °, Herbert Galler ®, Doris Haas °,
Eva Leitner®, Franz Mascher?, Angelika Melkes %, Josefa Posch®, Ingrid Winter?,
Gernot Zarfel “, Egon Marth*

Microbes Environ. Vol. 27, No. 1, 80-86, 2012

s : ; MICROBES AND
http://wwwsoc.nii.ac.jp/jsme2/ doi:10.1264/jsme2.ME11266 @ ENVIRONMENTS

Antibiotic Resistance and Extended-Spectrum p-Lactamases in Isolated
Bacteria from Seawater of Algiers Beaches (Algeria)

SOUHILA ALOUACHE'?, MOHAMED KADA?, Y AMINA MESSAI', VANESA ESTEPA®, CARMEN TORRES?, and RABAH BAKOUR'#*




Diseminacion E. co/i BLEE+

Diferentes ecosistemas
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Guenter et al., Frontier Microbiology 2011

Diseminacion de elementos

genéticos moviles




Transferencia animal-hombre

E. coli BLEE+

CTX-M-1

Dutch patients, retail chicken meat and poultry share the same ESBL

genes, plasmids and strains Pacientes
M. A. Leverstein-van Hall"%, C. M. Dierikx®, J. Cohen Stuart', G. M. Voets', M. P. van den Munckhof', PO”OS
A. van Essen-Zandbergen®, T. Platteel**, A. C. Fluit', N. van de Sande-BruinsmaZ, ]. Scharinga', M. ]. M. Bonten' m A l | men.ros

and D. ). Mevius3'6; on behalf of the national ESBL surveillance group*®

oy

Jowrnal of Antimicrobial Chemotherapy (2008) 61, 12441251
doi: 10,1093 ac/dknD93 ]AC
Advanee Access publication 12 March 2008 Cadena
Dissemination of extended-spectrum [3-lactamase-producing bacteria: Alimentaria
the food-borne outbreak lesson
S. Lavilla'-2, 1. J. Gonzdlez-Lépez!2, E. Mird?, A, Dominguez?, M. Llagostera?, R. M. Bartolomé!-2, Transr_nISIOn
B. Mirelis2?, E Navarro?? and G. Prats!2# E 00// BLEE+

Tdnez
E. coli con CTX-M-1
animales-consumo-mascotas-humanos
Plasmidos similares /rncl1-ST3-CC3

% cBR
L F - -

Ben Sallem et al. SEIMC-2013



E. coli BLEE+

Humanos, animales y alimentos

Similitud en:
-Variantes CTX-M

-Sistemas de movilizacion y entornos genéticos

Transferencia de £. col/i-BLEE+
(bacterias y plasmidos)

Cadena alimentaria

e

Animales de vida libre y ambiente




SARM en humanos, animales

y ambiente



Epidemiologia de SARM

Emergencia de SARM-AG
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SARM-AG Asociado al ganado

| l Granjeros de cerdos colonizados
| por SARM > 760 veces superior que
pacientes admitidos en hospital !

FRANCIA
HOLANDA

transmision S. aureus entre
cerdos y granjeros

Clonal Comparison Methicillin-

of Staphylococcus resistant
aureus lsolates Staphylococcus
from Healthy Pig aureus in Pig
Farmers, Human Farming

Controls, and Pigs

Laurence Armand-Lefevre,”* Raymond Ruimy,*
and Antoine Andremont*

Andreas Voss,*t Frans Loeffen,” Judith Bakker,*
Corne Klaassen,t and Mireille Wulf*

We conducted a study among a group of 26 regional
pig farmers to determine the methicillin-resistant
Staphylococcus aureus prevalence rate and found it was
=760 times greater than the rate of patients admitted to
Dutzh hospitals. While spa-type 1108 is apparently a more
widespread clone among pig farmers and their environ-
ment, we did find other spa-types.

Pig farming is a risk factor for increased nasal
Staphylococcus aureus colonization. Using sequence typ-
ing and phylogenetic comparisons, we showed that over-
colonization of farmers was caused by a few bacterial
strains that were not present in nonfarmers but often
caused swine infections. This finding suggests a high rate
of strain exchange between pigs and farmers.




SARM-AG caracteristicas

PFGE NT (NO Typeable) Smal H. =
Xmal ’rf-ﬁ%?
MLST ST398 (CC398) e

MLST O ‘?x @‘f‘\

spa t034, t011, t108 ....

SCCmec: IVa, V _Bflde

Spa Server
Resistente a Tetraciclina (gen tetM)

PVL negativos

-ATCC 29213



Cerdos: reservorio de SARM-AG

Muchos estudios — alta prevalencia.

ST5
ST8

ST398 ST22
' cCo ST30
CCov Algunas cepas

“tipicas” humanas

; . o i
12% animales g | 44% animales g—=s 49% animales
Agerso et al. 2012 ‘ '{! . Crombé et al. 2012 > Smith et al. 2009

74% animales
Granjas SARM+

Espinosa-Gongora et al. 2012 70% granjas

Kock et al. 2009



SARM-AG en cerdos

Prevalencias variables

CC398

ST9
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European Food Safety Authority

SCIENTIFIC REPORT OF EFSA

Analysis of the baseline survey on the prevalence of
methicillin-resistant Staphylococcus aureus (MRSA)
in holdings with breeding pigs, in the EU, 2008', *

Part A: MRSA prevalence estimates

El aire como factor de diseminacion y persistencia de SARM en granjas

SARM en polvo de explotaciones porcinas & [ 51308

positive breeding heldings
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Figure 5: Prevalerfge of MRSA ST398 positive breeding holdings, MRSA EU baseline survey in
breeding pigs, 2008®




SARM-AG en otras especies animales

e Vacas
e Pollos
* Perros
 Ratas
e Conejo
Cabra
Caballo ... ....




SARM-AG en alimentos

 Holanda: 12% (85% ST398)

Datos variables

o Alemania: 37% (87% ST398)

de Boer et al. 2009; Fessler et al. 2011



SARM ST398 en humanos sanos

Nasal Colonization of Humans with Methicillin-Resistant
Staphylococcus aureus (MRSA) CC398 with and without
Exposure to Pigs

Christiane Cuny', Rolf Nathaus®, Franziska Layer’, Birgit Strommenger', Doris Altmann?, Wolfgang
Witte'*

Veterinarios: 45%, familiares: 9%
Granjeros: 86%, familiares: 4,3%

- -

Profesiones de riesgo

Intensidad de contacto con animales

Epideniod. Infect. (2010), 138, 756-763. @ Cambridge University Press 2010
dot: 10,101 7)S0950 2688 10000245

High prevalence of nasal MRSA carriage in
slaughterhouse workers in contact with live pigs
in The Netherlands

Personal matadero: 0-22%

t-

veterinarians: an international study
M. W. H. Wulf', M. Serum’®, A. van Nes®, R. Skot?, W. |. G. Melchers', C. H. W. Klaassen®
and A. Voss'*

Veterinarios: 12,5%

Prevalence of methicillin-resistant Staphylococcus aureus among familiares




SARM ST398 en infecciones humanas

Infecciones cutaneas menores

— Mastitis (Huijsdens, 2006)
Endocarditis (Ekkelenkamp, 2006)
Osteomielitis (Van Rijn, 2007)
Infecciones de piel severas (Declercq, 2008)
Primer brote hospitalario ST398 (Wulf, 2008)

l

La mayoria personas en contacto con animales

Aunque poco transmisible, también casos de personas sin contacto con animales
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e Transferencia animal-hombre ™ m m

e Frecuencia en aislados clinicos |smmi

( Contacto con animales
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eCerdos adultos matadero
21% SARM (71% CC398)

el echones
50% SARM (100% CC398)

Gomez-Sanz et al. 2011 '

= Alimentos de origen animal
1,6% SARM
0,6% ST398 (cerdo y ternera)

Lozano et al. 2009

SARM ST398 en

cerdos y alimentos

Otros estudios

<Cerdo blanco 83-90%
eCerdo ibérico 28%
eCerdo negro canario 50-77%

Porrero et al. 2012

Morcillo et al. 2010
Abreu et al. 2011 '




SARM ST398 en infecciones humanas.

Primeros casos en Espana.

Pacientes: Relacion laboral directa con porcino o familiares
Aragon: alta densidad de explotaciones porcina

SARM ST398
- Escasa virulencia

- Muulti-resistencia (tetraciclina)

- Plasmidos con genes de resistencia a:
Antibidticos
Metales pesados

7/ casos IPPB

Posible transmisiéon
animal-hombre

1 caso grave
EPOC

Aspiroz et al., EID 2010; EIMC 2012; Lozano et al., VBZD 2011; Lozano et al., EID 2012; CMI 2012; CICMID 2012;



SARM ST398 en infecciones humanas.

Primeros casos en Espana.

Pacientes: Relacion laboral directa con porcino o familiares

Aragon: alta depsidad de explotacignes porcing

Contents lists available at ScienceDirect .'-h:'. b
Wl icsomonasiy &

LY SIECTIC S,
L) [ERES

Comparative Immunology, Microbiology =

and Infectious Diseases

journal homepage: www.elsevier.com/locate/cimid

o, & vt

7 casos IPP

Dynamic of nasal colonization by methicillin-resistant Staphylococcus
aureus ST398 and ST1 after mupirocin treatment in a family in close
contact with pigs ottt 4 & ket ® bty

Carmen Lozano?, Carmen Aspiroz®, Juan J. Lasarte®, Elena Gomez-Sanz?,
Myriam Zarazaga®, Carmen Torres**

Escasa eficacia decolonizacion con mupirocina
1 caso gregy MRSA ST398 en granjeros
EPOC Mayor en familiares
Aspiroz et al., EID 2010; EIM
2012,

al., EID 2012; CMI 2012; CIMID



SARM ST398 en hospitales

SARM TetR
2009-2010 2011-2012
I aﬂl-lo‘spfta!Uniwrsitanb 67% ST398 65% ST398
29UG Mguelseret | 504 de SARM 8% de SARM
UNIVERSIDAD
DE LA RIOJA
Tet® == Marcador SARM ST398 I

11%: hemocultivo / pleural / orina 33% contacto con ganado

25-30%: nasal ,

Lozano et a/ JAC 2012 Benito et a/ SEIMC 2013



SARM ST398 en hospitales

SARM TetR

2009-2010 2011-2012

e—n— Hospital Bellvitge (Barcelona) 57398
salud el senet 2000-2011 e SARM
UNIVERSIDAD SARM Tet-R

DE LA RIOJA

(desde 2003)

20% ST398 I
Tet? —= Mg Camoez M et al. PlosOne 2013

11%: hemocultivo / pleural / orina 33% contacto con ganado
25-30%: nasal ,

Lozano et a/ JAC 2012 Benito et a/ SEIMC 2013



Caracteristicas de SARM ST398

* Genes de resistencia nuevos o muy inusuales
— vga (C)
— /nu(A)
— /nu (B)
— /sa (E)
— spw
— dfrkK

 Plasmidos con genes de R a Abs y a metales

— erm’V
— Cu, Cd, Zn, Hg




Genes-R nuevos e inusuales en SARM ST398

Inu(B), Isa(E) y spw

JQ861959.1

1S257 orfl orf2 aadE apt spw orf4 Isa(E) Inu(B) orf5 15257

Lnu(B) (Nucleotidil transferasa) Y R-lincosamidas

R-lincosamidas, pleuromutilina, estreptograminas

9\%

v

R-espectinomicina

Spw (Adeniltransferasa)

Lozano et al., JAC 2012; Wendlandt et al., JAC 2013a; JAC 2013b



Genes de resistencia a antibioticos y

QB__ metales pesados

erm(T) cadD
tet(L) + cadX
aadD COpA
dfrK mco

erm(C) czrC

1sa31 €rM(T) 1843 req

=ch

PUR3912 lid
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cobre
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rep
associated

E orfl

issauto @aadDissauto  tet(L) erm(T) o

pUR2941

pUR1902

ey IS 10 L ISSaul0 L df K
. u re|
(5 end erm(C)P- tet(L). dfr

COpA

pUR2940

Gomez-Sanz et al., JAC 2013a; Gomez-Sanz et al., AAC 2013b



Otros SARM-AG

* ST9
 ST97
 ST1

e ST133

e ST130: mecC



Emergencia de SASM ST7398

Identification of a Highly Transmissible Animal-Independent Methicillin-Susceptible ST398 Staphylococcus aureus Responsible for

Staphylococcus aureus ST398 Clone with Distinct Genomic and Cell Bloodstream Infections: An Emerging Human-Adapted Subclone?
Adhesion Properties

nﬁid Uhlemann et al. 2012

‘®-PLOS | oNE \/alentin-Domelier et al. 2011

Personas sin contacto con animales de granja

ooy

m

infecciones
Portadores nasales

Adaptacion a humano
Alta transmisibilidad

spa t571



2 Emergencia de SASM ST398

et Microbiol. 2013 Oct 25;166(3-4):580-5. doi: 101016/ vetmic.2013.07.014. Epub 2012 Jul 22.
Animal and human Staphylococcus aureus associated clonal lineages and high rate of 3taphylococcus
pseudintermedius novel lineages in Spanish kennel dogs: predominance of 8. aureus 5T398.
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Origen y evolucion de la resistencia

a los antibioticos
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Diseminacion de la resistencia
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La resistencia a los antibioticos
NO es solo un problema clinico
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