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Overview

o ANTIBIOTIC RESISTANCE 

definition, origin, evolution, causes and consequences

o Antibiotic use in LIVESTOCK and RISKS FOR HUMANS

o MECHANISMS of resistance

strategies that bacteria use to resist antibiotics

o TRANSFER of resistant bacteria and genes

o ANTIBIOTICS
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Anti = “against” and bios = “life”

What is antibiotic?

antibiosis – life is used to destroy another life
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Streptomyces

Penicillium

History of antibiotics

“Natural, synthetic/semisynthetic compound that can inhibit or kill sensitive microbes”

“beer” with Streptomycetes and tetracycline

Antibiotics and egyptian mummies
(1980,  tetracycline, Nubia 550  years B.C.)
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o Penicillin in 1929 - Alexander Fleming

o 2nd World War

o Golden era of antibiotics

o 150 types used today

Alexander Fleming
(1881-1955)

Penicillium notatum

Staphylococcus aureus

Inhibited colonies of
Staphylococcus aureus

History of antibiotics
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http://en.wikipedia.org/wiki/File:Beta-lactam_antibiotics_example_1.s
http://en.wikipedia.org/wiki/File:Beta-lactam_antibiotics_example_1.s


1930 1940 1950 1960 1970 1980 1990 2000 2010

1949
chloramphenicol

1947
nitrofurantoin

1944
aminoglycosides

es

1956
glycopeptides

1962
quinolones

1950
tetracyclines

1968
trimethoprim

1980
carbapenems 2003

lipopeptides

1940
Penicilinase

1942
Resistance

to sulphonamides

1942
Resistance

to streptomycin

1953
Resistance

to macrolides

1961
MRSA
1966

Resistance
to quinolones

1968
Resistance

to tetracyclines
1969

Resistance
to aminoglycosides

1981
AmpC β-laktamases

1983 
ESBL
1986
VRE

1990
Resistance

to fluoroquinolones
1997
VISA 

1996
Resistance

to carbapenems

2002
Resistance

to linezolide and 
daptomycin

2002
VRSA

http://www.pharmazie.uni-duesseldorf.de

Antibiotics and resistance – Timeline

1941
b-lactams
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Inscreasing antibiotic use

decrease increase

Human medicine

Farm animals

2010-2030: 67% increase

https://www.cddep.org/

30% increase of global consumption 
of ATB between 2000 and 2010
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o Worldwide problem

o Misuse and overuse of antibiotics

o Threatens effective prevention and treatment of infectious diseases

o Increased mortality and morbidity

o Persistence of infections and increased risk of transfer to other individuals

o Economic costs

o Threat for modern society

Antibiotic resistance

bacteriaviruses parasitesfungi

antivirotics antibiotics antimycotics antiparasitics

EUROPE

25 000 death/year from MDR hospital infections

€1.5 billion / year - costs of extra health-care costs and productivity losses

Resistance to antibiotics is the ability of bacteria and other microorganisms to
resist the effects of an antibiotic to which they were once sensitive
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o Increasing, multiresistance, novel mechanisms

o Absence of effective antibiotics and limited development 

of novel drugs

teixobactin

o Predictions of a medical catastrophe and return to pre-

antibiotic era

Antibiotic resistance
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Multiresistant Mycobacterium tuberculosis

penicilin $0.24
linezolid $86.90
360 x as much

Antibiotic resistance  - economic burden
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Bacteria

HIV

malaria

influenza

Hot issues in antimicrobial resistance
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Antibiotics in livestock
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Antibiotics in livestock

All veterinary antibiotics have they analogues in human medicine – cross-resistance!

Therapeutic – prophylactic - metaphylactic Growth promoters

1st January 2006 – no antibiotics as growth 
promoters in EU
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Glycopeptide resistance of Enterococcus faecium in Denmark
Hammerum A. Emerging Infectious Diseases 2007, 13.

Ban of antibiotic growth promoters and the impact on therapeutic use of antibiotics
Hammerum A. Emerging Infectious Diseases 2007,13.

Antibiotics in livestock
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Antibiotics in livestock
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Sales of antibiotics for animal use decrease by 13% in Europe between 2011 and 2015

http://www.ema.europa.eu

http://www.ema.europa.eu/


Antibiotics in 
human medicine
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Risk antibiotic groups

fluoroquinolones

cephalosporins of 3rd and 4th generation

aminoglycosides

polymyxins

Antibiotics in veterinary medicine – risk for humans
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European Surveillance of Veterinary Antimicrobial Consumption (ESVAC) – Report 2014

Antibiotics in veterinary medicine

Total ATB consumption

Cephalosporins (3rd, 4th)

Fluoroquinolones

Polymyxins
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Antibiotics in veterinary medicine – risk for humans

20



insurance company workers

pig farm workers

pigs

MRSA CC398

ST9

ST398

Levis et al. 2005, 2008 Emerging Infectious Diseases

Antibiotics in veterinary medicine – risk for humans
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Antibiotics – mode of action
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How bacteria become resistant to antibiotics?

PLASMID

CHROMOSOME
Changes in cell permeability

Decrease in ATB uptake

Target modification ATB efflux

ATB, antibiotic

Enzymatic inactivation of ATB
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R R

R R R R

R S

How is AMR disseminated?

AMR genes are transferred between
diverse bacterial strains, species, genera

RR CR

R, resistant to antibiotic; S , susceptible to antibiotic
24



How is AMR disseminated?

https://planetpailly.com/2016/03/04/sciency-words-bacterial-conjugation/
http://leavingbio.net/bacteria/25



Transfer

Multiresistance

Virulence 

Bacterial toxins

Others

Stability

Plasmids in dissemination of AMR
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3 Steps in antibiotic resistance 

Emergence 

of resistant 

bacteria

Selection Dissemination
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Origin of resistant bacteria
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2. Selection of resistant bacteria
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3. Dissemination of resistant bacteria

Clonal dissemination Horizontal transfer of genetic information

DNA

→  Successful bacterial lineages

→    Successful resistance genes
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3 Steps in antibiotic resistance 

Emergence 

of resistant 

bacteria

Selection Dissemination
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Transfer of resistant bacteria
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To conclude…

o Misuse, overuse, under/ inadequate use of antimicrobials

o Costs money and lives

o Threat to global stability and national security

o Antibiotic resistant bacteria are found everywhere

o Increasing resistance and multiresistance

o Emergence and worldwide transmission of multiresistant clones

o Dissemination accelerated by gene transfer
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o Antibiotic policy

o National and international programs to combat resistance

o Hygiene and infection control strategies

o Novel antibiotics 

o Alternative treatment methods

To conclude…
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