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Overview

O ANTIBIOTICS

O Role of VETERINARY medicine

O ANTIBIOTIC RESISTANCE

definition, origin, evolution, causes and consequences

O MECHANISMS of resistance

strategies that bacteria use to resist antibiotics

O TRANSFER of resistant bacteria and genes
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What is antibiotic?

Anti = “against” and bios = “life”

antibiosis — life is used to destroy another life

_
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History of antibiotics

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

Antibiotics and egyptian mummies
(1980, tetracycline, Nubia 550 years B.C.)

“beer” with Streptomycetes and tetracycline
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Předvádějící
Poznámky prezentace
Staří Egypťané, v Číně a Indiání ve Střední Americe používali plísně k léčbě infikovaných ran



History of antibiotics
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Předvádějící
Poznámky prezentace
popis „pyocyanasa“ 
       - látky ničící antraxové bacily



History of antibiotics

Thanks 1o PENIGILLIN

..He Will Come Home !

Penicillin in 1929 - Alexander Fleming

2nd World War

Golden era of antibiotics
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150 types used today

Penicillium notatum

Inhibited colonies of
Staphylococcus aureus
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Předvádějící
Poznámky prezentace

1940 	Florey, Chain, Heatley – zdařilé pokusy s přečištěným 	penicilínem na myších
1941 	první pokusy s léčbou PNC u lidí
1943 	počátek tovární výroby PNC
již v roce 1940 Abraham a Chain identifikovali enzym hydrolyzující -laktámový kruh


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

Antibiotics and resistance — Timeline

1949 1962
chloramphenicol quinolones

1947 1956
nitrofurantoin  glycopeptides

1968
trimethoprim

1950

1980
carbapenems
B-lactams , tetracyclines

1930 (11940 ||1950 | 1960 ||1970 || 1980 || 1990

aminoglycosides

2003
lipopeptides

2000 || 2010

1940 1953 1961 1981 1996
o . MRSA AmpC B-laktamases Resistance
Penicilinase Resistance 1966 1983 to carbapenems
1942 to macrolides Resistance :] 5002
) to quinolones 1986 R
Resistance
Ioh id 1968 VRE to linezolide and
to sulphonamides Resistance 1990 daptomycin
1942 to tetracyclines Resistance 2002
R e Lelol to fluoroquinolones VRSA
to streptomycin FEEHEIE 1997
p \4 to aminoglycosides VISA http://www.pharmazie.uni-duesseldorf.de
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Antibiotic resistance

Resistance to antibiotics is the ability of bacteria and other microorganisms to
resist the effects of an antibiotic to which they were once sensitive

O

O O O O O O

Worldwide problem

Misuse and overuse of antibiotics

Threatens effective prevention and treatment of infectious diseases
Increased mortality and morbidity

Persistence of infections and increased risk of transfer to other individuals

Economic costs

Threat for modern society
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Předvádějící
Poznámky prezentace
Mis-prescription: patients demand antibiotics for a cold
     - widespread inappropriate use: up to 50% of prescriptions in developing countries are
       for viral infections that cannot respond
       examples: 
              - 98% of patients in a Beijing children’s hospital were given antibiotics for a common cold  
   - 74% of all hospital admissions in China will receive antibiotics to treat their illness or as a preventive measure
               - pan-European survey : more than 50% of French respondents expected an antibiotic  for an influenza-like illness
	
   Antibiotic sale over counter and the absence of antibiotic regulation programes
           In Europe, the death toll from multidrug resistant bacterial hospital infections is estimated to exceed 25 000 per year. Infections due to selected multidrug-resistant bacteria in the EU are estimated to result in extra health-care costs and productivity losses of at least €1.5 billion each year.




The discovery dates
of distinct classes of 1920

Antibiotic resistance
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Antibiotic resistance - economic burden

Multiresistant Mycobacterium tuberculosis

penicilin $0.24
linezolid $86.90
360 x as much

Summer school 2016

MULTI DRUG-RESISTANT TB
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Source: Farmer et al. The Global Impact of Drug
Resistant Tuberculosis, Harvard Medical School
and Open Society Institute: pp. 168, 71998
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Předvádějící
Poznámky prezentace
- in the 1980’s, tuberculosis was almost wiped out with antibiotics	
   - in 1990’s emergence of resistant strains
   - 25% of previously-treated tuberculosis patients relapsed with drug resistant strains;
     most had failed to complete their initial course


World Health
Organization

“Hot issues”:

Bacteria ‘ Klebsiella pneumoniae
Escherichia coli
Staphylococcus aureus
Malaria Neisseria gonorrhoeae
Clostridium difficile
Mycobacterium tuberculosis

HIV

Influenza

Percentage of new TB cases with multidrug-resistant tuberculosis* Percentage of previously treated TB cases with multidrug-resistant tuberculosis*
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Antibiotics in veterinary medicine
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Antibiotics in veterinary medicine

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

Therapeutic — prophylactic - metaphylactic Growth promoters

STRESSFUL

DRY-COW
POTENTIAL CONDITIONS

OUTBREAKS

1%t January 2006 — no antibiotics as growth
promoters in EU
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Předvádějící
Poznámky prezentace
50% of antibiotics used by livestock farmers to increase yield of
                                       chicken, beef, pork
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Antibiotics in veterinary medicine

Figure 7. Sales for food-producing species, including horses, in mg/PCU, of the various veterinary antimicrobial

classes, by country?, for 2010

mg,/PCL
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Antibiotics in veterinary medicine — risk for humans

Risk antibiotic groups
fluoroquinolones

cephalosporins of 3" and 4t generation

aminoglycosides
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Antibiotics in veterinary medicine

Risk group of antibiotics:

fluoroquinolones

34 and 4th generation of cephalosporins

aminoglycosides

o EUROPEAN MEDICINES AGENCY
SCIENCE MEDICINES

HEALTH

Cephalosporins (39, 4th) ==

......

Total ATB consumption 7"

rrrrrr

Fluoroquinoloneés

.....

------
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Antibiotics in veterinary medicine — risk for humans

Extended-Spectrum B-Lactamase—Producing
Escherichia coli From Retail Chicken Meat and
Humans: Comparison of Strains, Plasmids,

Resistance Genes, and Virulence Factors

Jan A. J.W. Kluytmans,"** lise T. M. A. Overdevest,'? Ina Willemsen,' Marjolein F. @ Kluytmans-van den Bergh,'
Kim van der Zwaluw,® Max Heck,® Martine Rijnsburger® Christina M. J. E. Vandenbroucke-Grauls,

Paul H. M. Savelkoul? Brian D. Johnston,® David Gordon.® and James R. Johnson®
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Antibiotics in veterinary medicine — risk for humans

Clonal Comparison
of Staphylococcus
aureus lsolates
from Healthy Pig
Farmers, Human
Controls, and Pigs

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

A insurance company workers

A pig farm workers
A pigs
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Antibiotics — mode of action

Cell Wall Synthesis . Nucleic Acid Synthesis
Folate synthesis
— Sulfonamides
Beta Lactams Trimethoprim DNA Gyrase
Penicillins Quinolones
Cephalosporins
Carbapenems RNA Polymerase
Monobactams Rifampin
Vancomycin
Bacitracin
50S subunit
Macrolides
Clindamycin
Linezolid
Chloramphenicol
Cell Membrane 30S subunit Streptogramins
Polymyxins Tetracyclines

Aminoglycosides Protein Synthesis
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Antibiotic resistance mechanisms

1. Inhibition of drug uptake
2. Efflux pumps
3. Inactivation of antimicrobial agents
4. Modification of the antimicrobial target

Examples of mechanisms of antibiotic resistance .
bactenal call

inactivation of g
@ antibiotic d.'.ug h; a.-l,z,,masg o9

@ Q
2 /-“
activation of o "
drug efflux pumps 4 -

cell wall

cytoplasm

209 medified drug target
erffiux alteration of drug target
pump

inhibition of p|a5mid
drug uptake ﬂg
a q q 2009 Encyclopaedia Britannica, Inc.

21

monika.dolejska@gmail.com



Resistance mechanisms
— example on beta-lactams

Moembrane
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Inhibition of transpeptidases by
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Molecular basis of antibiotic resistance
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Point mutations and resistance to quinolones:

MIC (mg/l) Substitution in amino acids
Strain  Ciprofloxacin Nalidixic acid GyrA
A 0.007 2 Ser-83 Ala-84 Asp-87
B 2 512 Leu-83 Ala-84 Asp-87
C 128 >2000 Leu-83 Ala-84 Tyr-87
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Molecular basis of antibiotic resistance

Chromosomal x extrachromosomal

Sufonamide Gones for Bacterial DNA Plasmids
resistance conjugation
gene -
St : Betalactamase
rcsistnnc:cm geas
gene
Chloramphenicol
resistance Werriimiy
w m
MULTIPLE ANTIBIOTIC
RESISTANCE PLASMID
single-stranded DNA
translerred to recipient,
probably in a pilus
compliemenitary
strand made
in recipient
Chromosomal
ONA PLASMID
CONJUGATION ,
4
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3 Steps in antibiotic resistance

Emergence
of resistant Selection Dissemination
bacteria
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Origin of resistant bacteria

Antibiotic resistance is ancient

Vanessa M. D" Cosa™**, Christine E. King™**, Lindsay Kalan™, Mariya Morar'*, Wilson W. L. Sung®, Carsten Schwarz”, _
Duane Froese”, Grant Zazula®, Fabrice Calmels®, Regis Debruyne’, G. Brian Golding®, Hendrik N. Poinar™** & Gerard D. Wright"*

The discovery of antibiotics more than 70years ago initiated a
period of drug innovation and implementation in homan and
animal health and agricolture. These discoveries were tempered
in all cases by the emergence of resistant microbes'*. This history
has been interpreted to mean that antibiotic resistance in patho-
genic bacteria is a modern phenomenon; this view is reinforced by
the fact that collections of microbes that predate the antibiotic era
are highly susceptible to antibiotics’. Here we report targeted
metagenomic analyses of rigorously authenticated andient DN A
from 30,000-year-old Beringian permafrost sediments and the
identification of a highly diverse collection of genes encoding res-
istance to f-lactam, tetracydine and glycopeptide antibiotics.
Structure and function studies on the complete vancomycin resist-
ance clement VanA confirmed its similarity to modern variants.
These results show conclusively that antibiotic resistance is a
natural phenomenon that predates the modern selective pressure
of clinical antibiotic use.

with high concentrations of Escherichia coli harbouring the gfp (green
fluorescent protein) gene from Aeguorea wictoria (Supplementary
Information).

After fracturing of the samples (Supplementary Fig. 3], total DM A
was extracted from a series of five subsamples taken along the radius of
each core (Supplementary Information). Quantitative polymerase

Dewson tephra: 25,300 “Cyr a0
[30,4-30-30,050 calendar yr =)

NS Lagopus g s
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Elavation above datim [

Loess jprimaryand ™~__7 king
re-transportad) 3 ed ica

Allrsium/grave! . a0MA sample
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1. Emergence of resistant bacteria

Kluyvera spp.

/ISECp 1 blaCTX-M-lS’\

~

l

chromosome |SECp1bIaCTX-M-15 /

plasmid

-

~/

Transfer to E. coli

ISECp1 blacryp1s
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2. Selection of resistant bacteria

A bunch of bacteria,

including a resistant

...get bathed in
antibiotics. Most

The resistant
bacteria multiply

Ewventually, the
entire infection

variety... of the normal and become more evolves into a
bacteria die. COMmmaon. resistant strain.
' =] — el
-ﬁ PP e - s
-"' [—1 =='I=l'-'|:=ﬂ . e | S, | AW =

-~

4l normal bacterium

S resistant bacternum

=== dead bacterium
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3. Dissemination of resistant bacteria

Clonal dissemination Horizontal transfer of genetic information

- Successful resistance genes

— Successful bacterial lineages
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3 Steps in antibiotic resistance

Emergence
of resistant Selection Dissemination
bacteria
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Transfer of resistant bacteria

Livestock Animals

Consumption of
Raw Meat, Milk,
_—> Contaminated Fruits / —__

Vegetables
{Kitchen Hygiene)
|

Humans

Wildlife

Companion
Erwironmental h R Animals
Fomiton o * o an e w —-  Direct Contact
RﬂtnnwsuMn;:ttmn Household Exposure

Environment
T Soll «—
Water
Manure / Sewage
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To conclude...

Misuse, overuse, under/ inadequate use of antimicrobials
Costs money and lives

Threat to global stability and national security
Antibiotic resistant bacteria are found everywhere
Increasing resistance and multiresistance
Emergence and worldwide transmission of multiresistant clones

Dissemination accelerated by gene transfer
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To conclude...

Monitoring of resistance

Antibiotic policy

National and international programs to combat resistance
Hygiene and infection control strategies

Novel antibiotics

Alternative treatment methods

T he Resistance
n:nnnm
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