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ANTIBIOTICOS

Sustancias quimicas producidas por ciertos

microorganismos, que inhiben el crecimiento o matan
a otros microorganismos

“ANTES Y DESPUES” EN MEDICINA




ANTIBIOTICOS
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La produccion de antibidticos es un mecanismo de competencia
ecologica:

* Permite la supervivencia en condiciones hostiles

SIEMPRE HA HABIDO ANTIBIOTICOS EN EL AMBIENTE
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RESISTENCIA A ANTIBIOTICOS:

Capacidad de no ser afectados por la accion de
uno o varios antibioticos concretos, de modo
que dejan de ser efectivos en el tratamiento de
las infecciones

Adaptacion evolutiva:
APARICION DE BACTERIAS RESISTENTES




ANTIBIOTICOS

ALEXANDER FLEMING

Penicillin

Nobel Lecture, December 11, 1945

overdose and poisoning the patient. There may be a danger, though, in
underdosage. It is not difficult to make microbes resistant to penicillin in the
laboratorv by exposing them to concentrations not sutficient to kill them,
and the same thing has occasionally happened in the body.

The time may come when penicillin can be bought by anyone in the
shops. Then there is the danger that the ignorant man may easily underdose
himself and by exposing his microbes to non-lethal huantities of the drug
make them resistant.
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GENERALIZACION DEL USO DE ANTIBIOTICOS:
» Aumento paulatino de las resistencias a los antibioticos conocidos

Antibiotic discovered Antibiotic resistance identified
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http://s.telegraph.co.uk/graphics/projects/antibiotic-resistance/
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GENERALIZACION DEL USO DE ANTIBIOTICOS:

» Aumento paulatino de las resistencias a los antibidticos conocidos
» Descubrimiento de nuevas familias de antibioticos: “Lineas de defensa”
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GENERALIZACION DEL USO DE ANTIBIOTICOS:
» Aumento paulatino de las resistencias a los antibidticos conocidos

> Descubrimiento de nuevas familias de antibidticos: “Lineas de defensa”

L H. pyIOl" I Tratamiento erradicador inicial y de rescate J

@ )
12 linea IBP (dosis estandar/12h) + claritromicina (500 mg/12h) + amoxicilina
IBP+C+A y (1 g/12h) (duracién: 7-14 dias)

[ 1\
22 linea IBP (dosis estandar/12h) + amoxicilina (1 g/12h) + levofloxacino

Triple con levofloxacino ) (500 mg/12-24h) (duracion: 10 dias)

32 linea IBP (dosis estandar/12h) + bismuto (120 mg/6h) + tetraciclina (500 mg/6h) +
Cuadruple metronidazol (500 mg/8h) (duracién: 7-14 dias)

42 linea IBP (dosis estandar/12h) + amoxicilina (1 g/12h) + rifabutina
Triple con rifabutina (150 mg/12h) (duracién: 7-14 dias)
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GENERALIZACION DEL USO DE ANTIBIOTICOS:
» Aumento paulatino de las resistencias a los antibidticos conocidos

4

> Descubrimiento de nuevas familias de antibidticos: “Lineas de defensa’
> Antibioticos “de ultima linea”: VANCOMICINA, CARBAPENEMICOS

Tabla 12. Tratamiento antibidtico de la infeccion de las derivaciones del LCR segun el microorganismo causal

Microorganismo Tto. eleccion / Ttos. alternativos
Estafilococos Cloxacilina i.v. 2-3 g/ 4h Vancomicina iv. 15 mgk h
sensibles a 10-14 d (15mg/kg/6h en nifios) o

meticilina Vancomicina intratecal™ 10 -

24h (66) + Vancomicina i.v. (3dias)

Estafilococos Vancomicina i.v. 10-14 d oS

ncomicina intratecal
resistentes a Vancomicina intratecal icing.d

medticilina +\ancomicina i.v. (3dias)

F. acnes Penicilina G i.v. 2-4 MU/ 4h Ceftriaxona iv. o i.m. 50 mg/kg (max.
Streptococcus 10-14 d 4g) / 24h 0

viridans Vancomigipa iy,

Vancomicina i.v.
+

Vancomicina intratecal

N~

Enterococcus Ampicilina i.v. 3-4 g/6h 14-21
faecalis + Gentamicina i.v. Smg/kg/24
o intratecal** 5 mg/12-24h




ANTIBIOTICOS

ESCENARIO ACTUAL

AUMENTO DRAMATICO DE LAS
RESISTENCIAS A ANTIBIOTICOS
<+

FALTA DE NUEVOS ANTIBIOTICOS
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De la velocidad a la que se expanden las cepas
resistentes

Del numero de antibidticos a los que es resistente una
cepa (MULTIRRESISTENCIAS)

De la velocidad a la que aparecen nuevos mecanismos
de resistencias

De las RESISTENCIAS A ANTIBIOTICOS DE ULTIMA LINEA
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> VELOCIDAD DE APARICION

2011 2016
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E. coli invasivas resistentes a cefalosporinas de tercera generacion

https://ecdc.europa.eu/en/surveillance-atlas-infectious-diseases
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MULTIRRESISTENCIAS

Figure 3.12. Klebsiella pneumoniae. Percentage (%) of invasive isolates with combined resistance to fluoroquinolones,
third-generation cephalosporins and aminoglycosides, by country, EU/EEA countries, 2016
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> RESISTENCIAS A ANTIBIOTICOS DE ULTIMA LINEA

Figure 3.22. Acinetobacter spp. Percentage (%) of invasive isolates with resistance to carbapenems, by country,
EU/EEA countries, 2016
UJ{"‘#’
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> RESISTENCIAS A ANTIBIOTICOS DE ULTIMA LINEA

Figure 3.28. Enterococcus faecium. Percentage (%) of invasive isolates with resistance to vancomycin,
EU/EEA countries, 2016
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FIGURE 1-1': Percentage of Staphylococcus aureus isolates that are methicillin resistant (MRSA), by country (most recent year, 2011-14)

https://www.cddep.org/publications/state_worlds_antibiotics_2015/
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* Figures are based on the most recent year for which data have been reported, which varies among countries.

Percentage of new TB cases with multidrug-resistant tuberculosis*
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any opinion whatsoever on the part of the World Health Organization concerning the legal status of any
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Deotted and dashed lines on maps represent approximate border lines for which there may not yet be full agreement.
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Report 2013. WHO, 2013. World Health

Organization

© WHO 2013, All rights reserved
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» NUEVOS MECANISMOS DE RESISTENCIAS

NDM-1 (New Delhi metallo-beta-lactamase). Resistencia a beta-lactamicos,
incluyendo carbapenem

Expansion de cepas
con NDM-1en 2010

http://www.sciencedirect.com/science/article/pii/S0924857911000586
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» NUEVOS MECANISMOS DE RESISTENCIAS

Year first \ ;
identified W
ANTIMICROBIAL AGENTS AMD CHEMOTHERAPY, Sepl. 2011, po 44024404 Yol 55, Mo, 9

O066-480411E12000 doi: 100 128 AAC 211
Copyright @ 2011, American Society for Microbiology. All Rights Rescerved.

First Description of an Escherichia coli Strain Producing
NDM-1 Carbapenemase in Spain’

Mar Solé,'} Cristina Pitart,'t Ignasi Roca,' Anna Fabrega,' Pilar Salvador,' Laura Muiioz,'
Inés Oliveira,” Joaquim Gascén,” Francesc Marco,! and Jordi Vila'*

Depariment af Clinical Microbiology and Barcelona Cenire ﬁ:rr International Health Research (CRESIR),
Hospital Clinic-IDIBAPS, University of Barcelona, Spain," and Department il'TrrrpmaIMedmm,
Hospital Clinic-IIMBAPS, University of Barcelona, Spain

Fi Received B May 2001/Returned for modification 16 June 2001/ Accepted 22 June 2011

https://www.cddep.org/publications/state_worlds_antibiotics_2015/
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CEPAS PAN-RESISTENTES

La OMS anuncia las 12 familias de bacterias mas
peligrosas para el ser humano

La organizacion alerta de que se necesitan “urgentemente” nuevos antibioticos contra estos

supermicrobios

What IS.a

Superbug?

We endeavour to shed some Inght on the whole Superbug
debate and demystify some of the facts in simple terms
when it comes to Antibiotic Resistant Bacteria

AN

Lista OMS de patogenos prioritarios para la |+D de nuevos antibidticos
Prioridad 1: CRITICA

1.

2

Acinetobacter baumanni, resistente a los carbapenémicos
Fseudomonas aeruginosa, resistente a los carbapenéemicos

3. Enterobacteriaceae, resistentes a los carbapenémicos, productoras de ESBL

Prioridad 2: ELEVADA

1.
. staphylococcus aureus, resistente a la meticilina, con sensibilidad intermedia y

]

U g

o

Enterococcus faecium, resistente a la vancomicina

resistencia a la vancomicina

. Helicobacter pylon, resistente a la claritromicina

Campylobacter spp., resistente a las fluoroguinolonas
Salmonellae, resistentes a las fluoroguinolonas

Neissena gonorrhoeae, resistente a la cefalosporina, resistents a las
fluoroguinolonas

http://www.who.int/mediacentre/news/releases/2017 /bacteria-antibiotics-needed/es/
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COSTE PARA LA SALUD PUBLICA

Cada ano en Europa (ECDC):

» 25.000 muertes
» 3.200.000 infecciones nosocomiales, 51.000 por bacterias

Resistentes a carbapenémicos

o Antibiotics ===
Global: 700.000 muertes/aio be responsible

Al menos 1.500.000.000 € (ECDC, 2009) B G B

U.S. A: Estimado en 55.000.000.000 $ afio i35 05
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COSTE PARA LA SALUD PUBLICA

La Medicina tal como la conocemos es inconcebible sin ATB

Cirugia de cadera (smith and coast, 2013, BMs 346):  Infecciones 40-50%
Mortalidad 30%
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COSTE PARA LA SALUD PUBLICA

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

AMR in 2050
10 million
Tetanus
60,000
Road traffic
accidents Cancer
1.2 million 8.2 million
AMR now
/' 700,000
(low estimate)
Measles & ) Cholera
130,000 S — & 100,000—
120,000
Diarrhoeal
disease Diabetes

1.4 million 1.5 million

La Medicina tal como la conocemos es inconcebible sin ATB

Segun modelos
predictivos, durante el
siglo XXI las infecciones
podrian alcanzar las
tasas de mortalidad del
siglo XIX

https://amr-review.org/sites/default/files/160518 Final%20paper_with%20cover.pdf



https://amr-review.org/sites/default/files/160518_Final paper_with cover.pdf
https://amr-review.org/sites/default/files/160518_Final paper_with cover.pdf
https://amr-review.org/sites/default/files/160518_Final paper_with cover.pdf
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COSTE PARA LA SALUD PUBLICA

La Medicina tal como la conocemos es inconcebible sin ATB

Deaths attributable Antibiotic resistance could spell end of
to AMR every year modern medicine, says chief medic
compared to other
m aj or causes of death Prof Dame Sally Davies says action is needed around the world to

tackle ‘hidden’ problem that is already claiming lives

AMR in 2050 .

10 million

¢EL FIN DE LA MEDICINA
MODERNA?

\ <« |l 2w corazon ¥ viDa ANTIBIGTICOS ) INFECCIONES ) CRISIS S/
Measles %) Cholera -
130,000 100,000~ )
120,000 LA POLEMICA CON LOS MEDICAMENTOS
Apocalipsis antibiéticos: "Es una amenaza mas
doage Diabates grave que el cambio climatico"

1.4 million 1.5 million
https://amr-review.org/sites/default/files/160518 Final%20paper_with%20cover.pdf
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https://amr-review.org/sites/default/files/160518_Final paper_with cover.pdf
https://amr-review.org/sites/default/files/160518_Final paper_with cover.pdf
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Discovery Void

Salvarsan

Penicillin

Sulfonamide 30 years |

since a new class

Nalidixic acid ~of antibiotics was
' last Introduoed

Trimethoprim

Streptomycin

Bacitracin

Nitrofurans

l

Chloramphenicol Lincomycin
[ |

Polymyxin Fusidic acid

Chlortetracycline _| Fosfomycin
Cephalosporinl Metronidazole Mupirocin
Pleuromutilin Rifamycin Carbapenem
Erythromycin Novobiocin Oxazolidinone
Isoniazid I Cycloserine Monobactam
Vancomycin Daptomycin

|
Streptogramin https://www.researchgate.net/publication/49754028 Challenges_of_Antibacterial_Discovery
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ESCENARIO ACTUAL




“Una de las mayores amenazas a
la salud global” (OMS, 2009)

“Una potencial catastrofe Our time with

. ANTIBIOTICS

mundial” (Parlamento Europeo, is running out.
2006) P

“A post-antibiotic era—in which common infections
and minor injuries can kill is a very real possibility for
the 21st century.” (WHo, 2014)

. ; g ‘2 ‘(/ VVUIIU.IIC(I.Il
Bir O & %2 Organization




¢COMO HEMOS
LLEGADO HASTA
AQUI?

Our time with

ANTIBIOTICS
1S running out.

Arsiotics are in danger of losing ther efectiveness
G 10 mvRse ard OVerse, 30 0 many Cases they
S0 even reeded

a
before taking antibiotics

“A post-antibiotic era—in which common infections
and minor injuries can kill is a very real possibility for
the 21st century.” (WHo, 2014)
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RESISTENCIA A LOS ANTIBIOTICOS

HOW RESISTANCE BREEDS
- Mormal bacteria - Resistant bacteria x Dead bacteria Antibiotics
Bacteria cells Antibiotics taken to
in a human body, treat an illness kill bacteria,
some are drug resistant but resistant strains remain

Son lasg bacterias, y no \as personas,
\as que se hacen vesistentes a los
an—h\olo—hcos

bacteria th mulUph

120\ \\

i ”

http://s.telegraph.co.uk/graphics/projects/antibiotic-resistance/




RESISTENCIA A LOS ANTIBIOTICOS

RESISTENCIA INTRINSECA:

Constitutiva

» Comun a la mayoria de cepas de un género o especie
» Conocida y previsible
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RESISTENCIA A LOS ANTIBIOTICOS u‘:_. a
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RESISTENCIA ADQUIRIDA:

Adquisicion de genes de resistencia: Cambios gendmicos que
conllevan modificaciones fenotipicas

> Propia de cepa
» Repentina e imprevisible
» Transmisible a otras cepas y/ especies



MODIFICACION DE LA DIANA
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ACCION ENZIMATICA SOBRE
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ADQUISICION Y DISPERSION DE LAS
RESISTENCIAS ADQUIRIDAS

1. Mutacion cromosomica

Velocidad de la dispersion determinada por la divisidon celular

R a quinolonas en Salmonella (gyrA)




ADQUISICION Y DISPERSION DE LAS
RESISTENCIAS ADQUIRIDAS

1. Mutacion cromosdmica

2. Recombinacion genética:
»  Mayor velocidad de transmisidon
»  Multirresistencias

> Aotras especies | o i k! uums b 2 Syerby.

ick some of ﬁ:_s info your genome ..
| Even Pe/lici"in wonT be able o ham yw'




ADQUISICION Y DISPERSION DE LAS
RESISTENCIAS ADQUIRIDAS

RECOMBINACION GENETICA:
Transformacion

R a betalactamicos en Neisseria (penA)
R a carbapenem en P. aeruginosa (oprD)

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or dispiay.

Resistance gene—

, " \/
— > \. \
VAN -
Y
|

bacterium \ ( A:

Resistance .
gene
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Plasmidos MDR (Multi-Drug-Resistance)

» Generalmente largos, conjugativos, gran versatilidad para
adquisicion de determinantes de resistencias y la
recombinacion

» Frecuente transmision de elementos mdviles (transposones,
integrones)
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Plasmidos MDR (Multi-Drug-Resistance)

» Pueden transportar multiples genes:

= De resistencia a varios antibioticos: MULTIRRESISTENCIAS

pC15-1a, Escherichia coli, Canada, IncFII, 92,359 bp
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B-lactamamicos (bla OXA-1, bla CTX-M-15, bla TEM-1), aminoglucosidos (aacA4, aacC2, aadA2),
tetraciclinas (tetA, tetR), chloramfenicol (cat), acido nalidixico (nalAR), sulfametoxazol (dfrA12)

https://www.researchgate.net/figure/Major-structural-features-of-pGUE-NDM-encoding-NDM-1-MBL-in-comparison-with-incFll_figd_237042112
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Plasmidos MDR (Multi-Drug-Resistance)

» Pueden transportar multiples genes:
" De resistencia a varios antibioticos: MULTIRRESISTENCIAS

= De factores de virulencia;: AUMENTO DE LA VIRULENCIA

EXPEC en aves: Alta correlacion tet(A) con iroN vy iss

ETEC en cerdos: Plasmido con sta y stb + Tn10 (tetB)
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l ST1318B (fimH22) ]

E. coliST 131 et o I 1960s
$T131 B0 (fimH22) ’
> Principal cepa extraintestinal (ExPEC) ey

diseminada a nivel global

Recombination of parCla
Insertion of GI-Phev,
Gl-LeuX, Phi 1
Recombination of fimH30

1970s
\—/ ‘

ST131 CO (fimH30)
(intermedlate C strain)

Selection of parC1aAB and Introduction 1980s
gyrA1AB mutations FQs

Q l l\ g 1990s
e ) (D

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5333602/figure/f1/
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l ST131B (fimH22) ]

E. coli ST 131 ot I 19605

ST13180 (f'mHZZ)
» Principal cepa extraintestinal (ExPEC) "““*"““‘“’““’a‘"’
diseminada a nivel global Recombinaton of porCla
Insertion of GI-Phey, 1970s
. Gl-LeuX, Phi 1
> Casi todos son MDR: Recombination of fimH30 N
Amoxicilina/Clavulamico + Fluoroquinolonas A
+ Cefalosporinas de 32 gen + TMT-STX (mtermedlaglgstra:n)
SUbCIOn R a carba penem (NDM) Selection of parC1aAB and I Introduction 1980s
gyrA1AB mutations FQs

1990s

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5333602/figure/f1/
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L ST131B (fimH22) ]

E. coliST 131 insetionof \ 1960

Phi2, 3,4
ST131 BO (fimH22)
» Principal cepa extraintestinal (EXPEC) ""“""‘e“'a‘e““'"’
diseminada a nivel global Recombination of porCla ‘
Insertion of GI-Phey, 1970s
Gl-LeuX, Phi 1
> Casi todos son MDR: Recombination of fimH30 N
Amoxicilina/Clavulamico + Fluoroquinolonas =
m
+ CEfaIOSpOrinaS de 32 gen + TMT-STX (mten’nedaate Cstraln)
SUbCIOn R a carba penem (NDM) Selection of parC1aAB and J Introduction 1980s
gyrA1AB mutations FQs
> Genes de virulencia asociados a la
persistencia, transmisibilidad y ——
toxicidad: - STI31CL(fimH30R)
Fimbrias Afa/Dr (afa); toxinas (hemolysin, hlya; l l ﬁxmxs "
cytotoxic necrotizing factor-1, cnfl; cytoletal : e _ A

distending toxin, cdTB); sideroforos (iroN); invasion
endotelio (tbA)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5333602/figure/f1/
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E. coli ST 131
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Clin Microbiol Hev. 2014 Jul: 27(3). 543-574.
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Plasmidos MDR (Multi-Drug-Resistance)

» Pueden transportar multiples genes:
" De resistencia a varios antibioticos: MULTIRRESISTENCIAS

" De factores de virulencia: AUMENTO DE LA VIRULENCIA
= De resistencias a otras moléculas (metales pesados,

biocidas): CO-SELECCION

DETERMINA LA DISPERSIONY PERSISTENCIA DE RESISTENCIAS
AUN SIN LA PRESENCIA DEL ANTIBIOTICO
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La transferencia de un cassette MDR ST131 de E. coli ha creado un plasmido
especifico en Klebsiella pneumoniae asociado a un gran brote nosocomial

Class 1 integron mph2
sull - sulfonamide Mrx =macrolide

I QacEA1 - quaternary ammenium compounds I mth
aadA2 - streptomycing/spedinomycin T T— A
dfr = trimethoprim

1 L ¥ 'r r
C15-1a cassette k : ' " arsenic resistance

tetA

tetR
TEM-1
OXA-1
CTX-M-15

aac(6’)-1b-cr silver resistance

220696 bp : betU

betaine transporter
UREA tolerance

Plasmid transfer

J Antimicrob Chemother. 2012 Jan;67(1):74-83


https://www.ncbi.nlm.nih.gov/pubmed/21990049
https://www.ncbi.nlm.nih.gov/pubmed/21990049
https://www.ncbi.nlm.nih.gov/pubmed/21990049
https://www.ncbi.nlm.nih.gov/pubmed/21990049
https://www.ncbi.nlm.nih.gov/pubmed/21990049
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MODULACION DE LAS RESISTENCIAS POR FACTORES
AMBIENTALES (“RESISTENCIA DE POBLACION”):

> Células sometidas a stress ambiental:

Aumento de la resistencia a los antibidticos por disminucion de la
tasa de crecimiento

Desencadena la produccion de biopeliculas

Estimula la transferencia genética (300 x)
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MODULACION DE LAS RESISTENCIAS POR FACTORES
AMBIENTALES (“RESISTENCIA DE POBLACION”):

» Biopeliculas: Aumento 100y 1000 veces la Resistencia

= Barrera fisica frente a los biocidas
= Multiples especies: RESERVA DE DIVERSIDAD GENETICA
= Escasez de O2 y nutrientes: stress

= Aumento de la tasa de transferencia genética
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Genes de Resistencia ‘
(“RESISTOMA”)

» Presencia de determinantes genéticos en el ambiente (“resistoma”)
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» Presencia de determinantes genéticos en el ambiente (“resistoma”)

» En presencia de concentraciones subletales de antibidtico, las
bacterias adquieren resistencia por mutacion o transferencia desde

otras bacterias
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» Presencia de determinantes genéticos en el ambiente (“resistoma”)

» En presencia de concentraciones subletales de antibidtico, las
bacterias adquieren resistencia por mutacion o transferencia desde
otras bacterias

» La tasa de adquisicion y dispersion de resistencias aumenta
cuanto mayor es la presencia de antibioticos en el ambiente
(“presion selectiva”)
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> El stress ambiental aumenta la resistencia a los antibioticos y la
produccion de biopeliculas=aumento de latasade Ry de la
transferencia genética horizontal

» La co-seleccion determina la dispersidn y persistencia de
resistencias aun sin la presencia del antibidtico
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Hay que plantearse un escenario en el que una vez

aparecida una poblacion Resistente a un antibidtico,

permanecerd en el ambiente y se dispersard, a mayor

velocidad cuantos mas antibioticos haya en ese ambiente



RECAPITULANDO

Genes de Resistencia
(“RESISTOMA”)

™\

Antibioticos

Otros agentesde
co-seleccion

/

|

Adquisicion de
Resistencia
(mutacion, RC)
+

SELECCION

Bacterias Bacterias
saprofitas | 4| patogenas
resistentes resistentes

L RECOMBINACION j

ESTE PROCESO ACONTECE EN TODOS LOS NICHOS

ECOLOGICOS
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Health Disease
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"UNA SOLA SALUD"

Interrelacion entre
la salud humana, la
salud animal y el
medio ambiente
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How antibiotic resistance can spread

of the community

Antibiotics guven “ Antibeotios given to
to anumals o person in hospetal

Hesistant bacteria spread to

humatis and other animals Resistant bactena

through pecaly prepared food, . ‘ spread 10 other pecple
‘ through poos hiygiene

close procimity and poos .
‘ hygiene and close proxamity
ﬁ :
’t ' : o "

Resigtance may develop
Resistance may develop

Resistant bacteria spread to humans

and cther animals through the

envucament (woter, sotl air)

Hesistant bactera spread 1o
the envivonment and food
through water contaminated
by faeoes or through wildhifer

Antibictic resistance occurs when
bacteria change to peotect themselves

from an antibiotic. The more we use
antibiotics, the mose chance bacterin
have to hecome registant to them

https://www.amr.gov.au/resources/infographic-how-antibiotic-resistance-can-spread
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How antibiotic resistance can spread

Antibiotics guven
to anumals

Hesistant bacteria spread to
humatis and other animals
through pecaly prepared food,
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Resistance may develc

Hesistant bactera spread 1o
the envivonment and food
through wates contaminated
by faeoes or through wildhifer

*fesearch into how antibiotic resistanos s spread in /
What s

have to hecome registant to them
Awstralin 15 ongoang and new information is cootmuany 10 smerge
happening mn othes countries may not be applicable 1o Australia
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How antibiotic resistance can spread
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How antibiotic resistance can spread

of the community

Antibiotics given “ Antibeotios given to
to anumals o person in hospetal

Hesistant bacteria spread to
humatis and other animals Resistant bactena
through pecaly prepared food, spread to other people

close procamity and poos through poos hiygiene .
hyghene and ¢loga proxamity %

Resistance may develop

Resistance may develcp

Resistant bacteria spread to humans
and cther animals through the

envucament (woter, sotl air)

Hesistant bactera spread 1o
the envivonment and food
through water contaminated
by faeoes or through wildhifer

from an antibiotic. The more we use

w . “ . Anlibichic resistance occurs when
w bacteria change to protect themselves

antibiotics, the mose chance bacterin
have to hecome registant to them
*fesearch into how antibiotic resstanoe 3 spread in Avstralin is ¢ 20 antd new information is contings
What is happening in othes countries may not be applicable to Australia

https://www.amr.gov.au/resources/infographic-how-antibiotic-resistance-can-spread
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ESBL in soil

20 B TEM B SHvY

1940 1960 1980 2000
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Dorit et al, 2013. J Mol Evol (2013) 76:388-393

O.LEN
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ANTIBIOTIC RESISTANCE IN EFFLUENTS OF WASTEWATER TREATMENT
PLANTS OF VALENCIA (Spain)

i
Y-

A. Bertomeu, D. Dasi, K. Nowacki, A. Gonzdlez, M. A. Ferris and M. A. Castillo
Department of Biotechnology, Universitat Politécnica de Valéncia, Camino de Vera s/n, 46022 Valencia, Spain
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How antibiotic resistance can spread

Antibiotics guven
to anumals

Hesistant bacteria spread to
humatis and other animals

through pecaly prepared food,

close procamity and poos
hygeene

Hesistant bactera spread 1o
the envivonment and food
through water contaminated
by faeoes or through wildhifer

o person in hospetal
of the community

“p Antibeotios given to

Rosistant bactena
spread to other people
through poos hiygiene
and close proxemity

Resistance may develop
Resistant bacteria spread to hy

and other animals throug

envucament (wolter,

w . “ . Anlibichic resistance occurs when
w bacteria change to protect themselves

from an antibiotic. The more we use
antibiotics, the mose chance bacterin

have to hecome registant to them
*flessarch into how antibiotic remstanos 3 spread in Australin 15 ongoang and new information is contimuany 1o smerge
What is happening in othes countries may not be applicable to Australia

https://www.amr.gov.au/resources/infographic-how-antibiotic-resistance-can-spread
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Bacterias portadoras de genes de resistencia en los alimentos:

Microbiota propia
Contaminantes
Adicion intencionada (probidticos, starters, etc)

Residuos de antibioticos:
Productos animales: carne, leche..
Agua, vegetales....

UNA AMENAZA “SILENTE” PARA LA SEGURIDAD

ALIMENTARIA




Falomir (2013): 160
muestras en Valencia
Enterobactery Klebsiella:

LAS RESISTENCIAS A ANTIBIOTICOS: ‘Q
FENOMENO GLOBAL ‘

Llegada de bacterias resistentes a los vegetales de consumo a
través del suelo, de los animales y del agua de riego

56 cepas Ra 2 ATB
10 cepas Ra 3 ATB
2 cepas Ra 5 ATB

Foodborne Pathogens and Disease

About This Journal... Subscribe... Bary Arficie...

Enterobacter and Klebsiella Species Isolated from Fresh Vegetables Marketed in
Valencia (Spain) and Their Clinically Relevant Resistances to Chemotherapeutic
Agents

To cite this article:
Maria Pilar Falomir, Hortensia Rico, and Daniel Gozalbo, Foodborne Pathogens and Disease. Movember 2013, 10(12):
1002-1007. https://doi.org/10.108%/fpd.2013.1552

Published in Yolume: 10 Issue 12: Movember 21, 2013
Online Ahead of Print: August 27, 2013
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How antibiotic resistance can spread

Antibiotics given Antibeotios given to
to anumals o person in hospetal
of the community

Hesistant bacteria spread to
humatis and other animals Resistant bactena
through pocaly prepared food, speead to other people

close procamity and poos through poos hiygiene
‘ ; hygiene and close proxamity
L]

e

Resistance may develcp

Resistant bacteria spread to humans
and cther animals through the
envucament (woter, sotl air)

Hesistant bactera spread 1o
the enviyonment and food
through wates contaminated
by faeoes or through wildhifer

\ 2R . “ . Antibiotic resistance occurs when
w bacteria change to protect themselves

from an antibiotic. The more we use
antibiotics, the mose chance bacterin
have to hecome registant to them

*flessarch into how antibiotic remstanos 3 spread in Australin 15 ongoang and new information is contimuany 1o smerge
What is happening in othes countries may not be applicable to Australia

https://www.amr.gov.au/resources/infographic-how-antibiotic-resistance-can-spread
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Figura 1. Prevalencia del uso de antibioticos {% de pacientes que recibieron al menos un antibiotico)
en los hospitales europeos, segin pais (adaptado de ECDC PPS 2011-2012) (2)

https://www.aemps.gob.es/publicaciones/publica/plan-estrategico-antibioticos/v2/docs/plan-estrategico-antimicrobianos-AEMPS.pdf



@ Geographical distribution of the consumption of
éO(SC Antibacterials for systemic use (ATC group JO1) i
@z the community (primary care sector) in Europe,

reporting year 2016 - 2016

Consumption of Antibacterials for systemic use (ATC group J01) in the community (primary care sector) in Europe, reporting

year 2016
Liechtenstein -

Luxembourg
Malta

-

Mo data
reportad

Mot included
| DDD per 1000 inhabitants and per day |
| I o 15,609 to < 20,771 [ 25933 to < 31.004
| T 10,447 to < 15.609 20,771 to < 25.933 I 51.094 to 36.256 ‘

L
Cyprus, Romania provided only total care data.
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How antibiotic resistance can spread

of the community

Antibiotics given “ Antibeotios given to
to anumals o person in hospetal

Hesistant bacteria spread to
gnans and other animals Rosistant bactena
b pocaly prepared food, speead to other people
through poos hiygiene

and close proxemity %

Resistance may develop

Resistance may develcp

Resistant bacteria spread to humans
and cther animals through the

envucament (woter, sotl air)

Hesistant bactera spread 1o
the envivonment and food
through water contaminated
by faeoes or through wildhifer

w . “ . Anlibichic resistance occurs when
bacteria change to protect themselves

PRty

from an antibiotie. The more we use

antibiotics, the mose chance bacterin
have to hecome registant to them

*flessarch into how antibiotic remstanos 3 spread in Australin 15 ongoang and new information is contimuany 1o smerge

What is happening in othes countries may not be applicable to Australia

https://www.amr.gov.au/resources/infographic-how-antibiotic-resistance-can-spread
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Antibiotics in humans and animals LONDO MG
Sorca: il
MEDICINE ‘

2012

30% » 70% 2010

of antibiotics are —‘ are consumed - 2

consumed by humans

by animals

63,200
tons

By 2030

Global consumption of antibiotics in
livestock production to increase by
two-thirds

Source: Review on antimicrobial resistance
Credit: Rebeccah Robinson/LSHTM
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BACTERIAS RESISTENTES

» Linajes idénticos a los humanos

» Presentes en el microbioma animal, la carne, el agua de
bebida, las heces...

» Enorme potencial de transmision



LAS RESISTENCIAS A ANTIBIOTICOS:
FENOMENO GLOBAL

Freitaset al. 2011:
Granjas de cerdos con alto % de Enterococcus MDR

A — E. faecium

g R £ 8 8 8 » 8 Country  __Origin
- Denmark Swine
,“1 Portugal Hospitakzed patient
Denmark Healthy human
Switzerland Swine
Denmark Swine
Portugal Swine
Denmark Swine

A Condenin

“Both animal and human isolates harbored an indistinguishable
100-kb mosaic plasmid (repge,5 plus rep,0) containing the whole

Tn1546 backbone”.
| S USA Swine
[—~-— Denmark Healthy human
R USA Swine
Denmark Healthy human
— Portugal Hospitakzed patient
L Portugal Swine
B — E. faecalis
= R =
o o Portugal Swine
{ Spain Hospitalized patient
— ortuga ospita ea
ttaly Hospitalkized patient

J Clin Microbiol. 2011 Mar; 49(3):925-931.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3067689/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3067689/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3067689/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3067689/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3067689/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3067689/
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MRSA infections in
humans have been
acquired mainly in
hospitals or in
community settings.

FROM THE FARM
AND BACK AGAIN

The liberal use of antibictics on pig farms has been

implicated in the transmission of methicillin-resistant
Staphylococcus aureus (MRSA), but tracing the origin
of an infection is tricky.

J

RN

Pigs fed antibiotics are JJ JJ
known to spread MRSA

to farmworkers, and MRSA
strains show up in meat
products, but it is unclear
whether this is a significant
source of human infection.

MRSA strains historically
associated with hospital and
community infections have
also turned up on farms.

)

MRSA
infection

With so much
movement, the
distinctions between
MRSA strains from
hospitals, communities
and livestock are
breaking down.

Mole (2013) NATURE, 499
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AVIAN PATHOLOGY, 2016 .
VOL. 45, NO. 4, 501-507 e Taylor & Francis
http://dx.doi.org/10.1080/03079457.2016.1168515 Taylor & Francis Group

ORIGINAL ARTICLE

Antimicrobial resistance of Escherichia coli isolated in newly-hatched chickens
and effect of amoxicillin treatment during their growth
Ana Jiménez-Belenguer®, Eva Doménech®, Arantxa Villagra®, Alejandro Fenollar® and Maria Antonia Ferrus®

3Biotechnology Department. Centro Avanzado de Microbiologia de Alimentos, Universitat Politécnica de Valéncia, Valencia, Spain; ®Institute
of Food Engineering for Development (IUIAD), Food Technology Department, Universitat Politécnica de Valendia, Valendia, Spain; “Centro
de Tecnologia Animal CITA-IVIA, Castellon, Spain; “Biotechnology Department, Universitat Politécnica de Valéncia, Valenda, Spain
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Pollos de 1 dia TODOS con resistencia o susceptibilidad reducida a AMC

14,3% de los E. coli resistente a CIP: Tratamiento de eleccion en clinica
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Sistemade

Cepas Antibiodticos

produccion | multirresistentes

Domeésticos

Ecoldgicos
(34,48%)

(% por origen)

(4) AMC NA TE
(13.79) AMC AMP C CIP NA TE
(3_45) AMC AMP C CIP KF NA S TE
(17.24) AMC  AMP CIP CN NA TE

Multirresistencias en E. coli aisladas de diferentes sistemas de
produccion de huevos. AMC: amoxicilina-acido clavulanico; AMP:
ampicilina;C: cloranfenicol; CIP: ciprofloxacino; CN: gentamicina; KF:
cefalotina; NA: acido nalidixico; S: estreptomicina; TE: tetraciclina
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> Relacion directa entre el tratamiento con CFP tercera gen in ovo
o en pollos de dias para tratar E. coli con el aumento de

Salmonella Hadar R a CFP en humanos (Threlfall et al. 2002. FEMS
Microbiol Rev. 26:141-8)

» Enla U. E. 1.500 muertes y 67.200 dias de hospitalizacion son

directamente atribuibles a cepas aviares (Collignon et al., 2013. Emerg
Infect Dis, 19:1339)
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> Holanda

4% de todas las sepsis son por E. coli R a cefalosporinas de
tercera generacion (de Kraker et al. 2011. PLoS Med. 8:21001104)

56% cepas clinicas portan determinantes genéticos
indistinguibles de las cepas aviares

RESEARCH

Extended-Spectrum B-Lactamase
Genes of Escherichia coli in Chicken
Meat and Humans, the Netherlands

lise Overdevest, Ina Willemsen, Martine Rijnsburger, Andrew Eustace, Li Xu, Peter Hawkey,
Max Heck, Paul Savelkoul, Christina Vandenbroucke-Grauls, Kim van der Zwaluw, Xander Huijsdens,
and Jan Kluytmans

Emerging Infectious Diseases - www.cdc.gov/eid = Vol. 17, No. 7, July 2011


https://www.ncbi.nlm.nih.gov/pubmed/22022233

Animal antibiotic use has an early but important

impact on the emergence of antibiotic resistance
in human commensal bacteria

David L. Smith**, Anthony D. Harris*, Judith A. Johnson?, Ellen K. Silbergeld*, and J. Glenn Morris, Jr.*
6434-6439 | PNAS | April 30,2002 | vol.99 | no.9

El uso de antibioticos en animales tiene un papel

fundamental en la aparicion de resistencias en
bacterias comensales humanas

El uso de antibidticos en humanos parece ser
determinante en la dispersion de esas resistencias
en la comunidad y su transferencia a patogenos
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~ efsam

European Food Safety Authority

About v News v Discover v Science v Publications v  Applications v Engage v

Home \

| 27 July @ 4.;* . 0
EC'CSC Efsa [ ] EUROPEAN MEDICINES AGENCY
S oun|  SCIENTIFIC REPORT G555  uropean roodseftyAuthory <1111 5001 In 0

AND CORTROL

APPROVED: 28 June 2017

doi: 10.2903j.efsa. 2017 4872

ECDC/EFSA/EMA second joint report on the integrated
analysis of the consumption of antimicrobial agents and
occurrence of antimicrobial resistance in bacteria from
humans and food-producing animals

Joint Interagency Antimicrobial Consumption and Resistance
Analysis (JIACRA) Report
European Centre for Disease Prevention and Control (ECDC),

European Food Safety Authority (EFSA) and
European Medicines Agency (EMA)

Ll =4

https://www.efsa.europa.eu/en/press/news/170727-0
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RESISTENCIAS CRUZADAS + CO-SELECCION

» Avoparcina «== Enterococos resitentes a la Vancomicina en humanos
(Nilsson et al. 2012. Infect Ecol Epidemiol 2: 10.3402/iee.v2i0.16959)

» En Australia NUNCA se han permitido el uso de fluoroquinolonas en
produccion animal

Ingram et al. (2013): 30% de E. coli R a fluoroquinolonas, en pollos
Gen aac(b’)-1b-cr: Resistencia cruzada aminoglucosidos-quinolonas

PROHIBIR EL USO DE UN ANTIBIOTICO NO GARANTIZA
QUE DISMINUYAN LAS RESISTENCIAS, ES NECESARIA UNA
INTERVENCION MAS AMPLIA
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Employment History Bureau County Farmer
Allan Sexton
20 Nov 2012

Allan Sexton, a veterinarian and hog
farmer from lllinois, traveled to
Washington D.C. last May, to advocate
for common-sense antibiotic policies.

He put it this way: "If you gave me the
assignment to create a superbug, |
would do exactly what they do in big
feeding lots.”

https://www.youtube.com/watch?v=pkbULbFNJ5k&aIist
=PL9910F6A144536118&index=4&feature=plpp_video
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Our time with

ANTIBIOTICS
1S running out.

Aoty e i danger of lonrg ther efectveness
e 2 minuse and oveeuse, and n many (e By
a0 e feeded

Always seek the advice of
a healthcare professional
before taking antibiotics.

{% World Health
L %7 Organization



Global action plan to
combat antimicrobial
resistance (AMR)

Challenges on the global and regional levels

§72% World Health
%7 Organization
wa s EUTOpE
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%7 mondiale de la Santé
At o307,

wni Europe S "%  Plan Nacional Plan estratégico A European
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Action Plan

g’ \‘g Beemupran 0prakm3awes ’de la resistencia againSt
B somormwenn — a los antibicticos Antimicrobial
Resistance

(AMR)

AGENCIA ESPANOLA
DE MEDICAMENTOS
Y PRODUCTOS SANITARIOS
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> VIGILANCIA DE LAS RESISTENCIAS EN EL
AMBIENTE:

» Residuos de antibiodticos
> Genes de resistencia en el ambiente
Bacterias resistentes “seleccionadas” (indicadores)

Deteccion directa de los genes (mPCR, NGS)
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> USO RACIONAL DE LOS ANTIBIOTICOS

El factor mas importante: Disminucion paulatina en
la comunidad
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> NUEVOS ANTIBIOTICOS :

Técnicas de secuenciacion masiva: Nuevos mecanismos
celulares diana

Nuevas moléculas con mecanismos no presentes en la
naturaleza (via Sec, citocromos..) == No ARG
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» NUEVAS ESTRATEGIAS:

> ENZIBIOTICOS

> PEPTIDOS ANTIMICROBIANOS (defensinas)
> NANOPARTICULAS

> TERAPIA CON BACTERIOFAGOS

> INHIBIDORES DE LA FORMACION DE BIOFILMS
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Jun 29, 2017
"It's not too late to turn the

1
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