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Who I am…

Valeria BortolaiaValeria Bortolaia
DVM, University of Pisa, IT (2004)
PhD in Microbiology, University of Copenhagen, DK (2010)PhD in Microbiology, University of Copenhagen, DK (2010)

Main research interest:
Origin and epidemiology of plasmids harboring beta-
lactamase-encoding genes in Gram-negative bacteria

Main responsabilities within the EURL-AR:
- EQAS for staphylococci, enterococci and Escherichia coli
- EQAS follow-up: site visit to NRL-AR 
- workshop/training course
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…and who are you?

Please introduce briefly yourself…..y y
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What is genotypic characterization?

Chromosomal

DNA
PlasmidPlasmid

DNA

AR gene

De i tio / l i of e eti o te t

AR gene

Description/analysis of genetic content…
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Description/analysis of
ti  t tgenetic content Information on

whole genomic
content  from content… from 
isolate to strain

Information on
chromosomal
background

Information onInformation on
the vector of AR 

gene(s)Information on 
AR gene(s)
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(plasmid DNA in 
this example)

AR gene(s)



Genotyping methods: three main 
t i  (1/3)categories (1/3)

DNA banding pattern

(+)(+)
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Genotyping methods: three main 
t i  (2/3)categories (2/3)

DNA sequencingq g
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Genotyping methods: three main Genotyping methods: three main 
categories (3/3)
DNA h b idi ti b dDNA hybridization-based
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Genotyping methods

DNA banding-pattern

DNA sequencing

• MLSTg p

• PFGE

RFLP

• MST

 i• RFLP

• AFLP

• gene sequencing

• whole genome

• RAPD

MLVA

sequencing

• …
• MLVA

• PCR-RFLP DNA hybridization-based

• … • Macroarray

• Microarray
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Genotyping methods

Which one to choose?Which one to choose?
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The choice of a genotyping method

We should consider the purpose…
• Tracing outbreaks d dditi lTracing outbreaks

• Long-term surveillance
…and some additional
criteria
• Typeability• Typeability
• Discriminatory power
• Reproducibilityp y
• Rapidity
• Cost
L b it• Lab capacity

•…

… it is not possible to say that one method

is always better than another…
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is always better than another…



This week’s situation 

•Imagine that the European Food Safety
Authority (EFSA) launched a pilot study to Authority (EFSA) launched a pilot study to 
determine the genetic background of bacteria
showing antimicrobial resistance phenotypes of 
public health interest within European countries

•You will work in groups. Different groups will
perform different tests on the same isolates: the 
results will be then pooled together to deliver 
the information requested in the pilot studythe information requested in the pilot study

•There will be some shortcuts in the lab work flow 
due to time restrictions  stay tuned! due to time restrictions… stay tuned! 
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This week’s situation 

•Lab theme 1:
Detection and characterization of AR determinants of Detection and characterization of AR determinants of 
public health relevance:
beta-lactamase-encoding genesg g

(conferring resistance to cephalosporins)
plasmid-mediated quinolone resistance genes (PMQR) p q g ( Q )
(conferring low-level resistance to fluoroquinolones)

•Lab theme 2:
Surveillance of methicillin-resistant Staphylococcus p y
aureus (MRSA)
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Lab theme 1:
Detection and characterization of AR 

determinants of public health relevancedeterminants of public health relevance
(beta-lactamase-encoding genes & PMQR) 

Microarray For simultaneous detection ofMONDAY

WHAT WHYWHEN

multiple AR genes

Singleplex PCR assays To confirm microarray results

on AR genes of interest

(encoding beta-lactamases

and to know the exact gene variant

(through sequencing)

TUESDAY

and PMQR)

Purification of

plasmid DNA To isolate the vector of AR genes

of interest for further characterization
Transformation of plasmid WEDNESDAY
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Transformation of plasmid 
DNA by electroporation

WEDNESDAY



Lab theme 1:
Detection and characterization of AR 

determinants of public health relevancedeterminants of public health relevance
(beta-lactamase-encoding genes & PMQR) 

S1 nuclease PFGE To ensure we transferred only

h   f i  d  d i

WEDNESDAY

WHAT WHYWHEN

analysis (3 days :-) the vector of interest and to determine

plasmid size accurately

continued…

AST f t f t T  d t i  if th  tAST of transformants

by Sensititre

To determine if the vector

carries additional AR genes

(phenotypic characterization)(phenotypic characterization)

RFLP of plasmid DNA to examine relatedness of plasmidsTHURSDAY

Analysis of AR gene to determine the exact gene variants

To deliver epidemiological

Analysis of AR gene

sequences

to determine the exact gene variants
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p g

information on plasmids harboring

ESBL-encoding genes

FRIDAY Analysis of pMLST

sequences



Lab theme 1:
Detection and characterization of AR 

determinants of public health relevancedeterminants of public health relevance
(beta-lactamase-encoding genes & PMQR) 

O ll lOverall goals:

To identify
To avoid

treatment

To identify
control

measures to 
failures! limit the spread

of plasmids
harboring AR harboring AR 

genes!

National Food Institute, Technical University of Denmark
16



Lab theme 2:

MRSA surveillanceMRSA surveillance
WHAT WHYWHEN

Plate Staphylococcus aureus

isolates on selective agar plates

To isolate suspect MRSA
MONDAY

isolates on selective agar plates

Multiplex PCR

spa/pvl/mecA/mecALGA251

To rapidly detect/confirm

(and type) MRSA
TUESDAY

MLST and SCCmec
typing of MRSA

To generate epidemiological

information on MRSA
WEDNESDAY

information on MRSA

Analysis of MLST To deliver epidemiological

National Food Institute, Technical University of Denmark
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Analysis of MLST 
sequences

To deliver epidemiological

information on MRSA
FRIDAY



Lab theme 2:

MRSA surveillanceMRSA surveillance
WHAT WHYWHEN

Plate Staphylococcus aureus

isolates on selective agar plates

To isolate suspect MRSA
MONDAY

To avoid
treatment
isolates on selective agar platesfailures!

Multiplex PCR

spa/pvl/mecA/mecALGA251

To rapidly detect/confirm

(and type) MRSA
TUESDAY

MLST and SCCmec
typing of MRSA

To generate epidemiological

information on MRSA
WEDNESDAYTo identify

control information on MRSA

Analysis of MLST To deliver epidemiological

control
measures to 

limit the spread
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Analysis of MLST 
sequences

To deliver epidemiological

information on MRSA
FRIDAY

limit the spread
of MRSA!



This week’s golden rules 

1. We will be ca. 40 people with different
b k d d i h i  li it dbackgrounds and experience sharing a limited
space for a week: help each other!

2 Do not waste time: ask  ask  ask and complain2. Do not waste time: ask, ask, ask and complain
if you are not satisfied

3 Do not get disappointed if we cannot answer3. Do not get disappointed if we cannot answer
you immediately ;-)

4. Make sure to go home with improved4. Make sure to go home with improved
knowledge on genotyping methods

5. You are very welcome to contact us in the y
future for additional information not included
in the manual (e.g. protocols, composition of 

)
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Some practicalities

1. Check that you are in the list of participants 
d  if i b d b   b t  and, if you are reimbursed by us, remember to 

sign every day (and keep receipts!)
2 Please fill in the course evaluation form2. Please fill in the course evaluation form
3. The handouts of the presentations given during

the course will be avaliable on our webpagethe course will be avaliable on our webpage
(www.antimicrobialresistance.dk)

4. The course will take place in different4. The course will take place in different
locations: see the program
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E j  thi  !Enjoy this course!
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