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Training course on genotyping and molecular analyses of antimicrobial resistant bacteria
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Objectives of AMR test at NIID
1 To reveal mechanisms of resistance
2 To confirm nosocomial outbreak

Before starting the tests--
1. Confirm the isolate information
1. Number of isolates
2. Species
3. Resistance

2. Confirm Epidemiological information for each
isolate

1. Date of isolation (sampling), at least “Year”
2. Place (hospital, ward)
3. Type of specimen(Blood, Urine etc.)
4. Patient ID
3. Inoculation of the isolate
» One isolate per one agar plate
= Use antimicrobial drug containing disk
» Check the single colony, antimicrobial resistance

= Confirm species identification and antimicrobial
resistance

4. Preserve the isolates and record the data into
your database.
Let's Start!

Antimicrobial Susceptibility Testing and
Detection at reference lab

At clinical lab

Predict/speculate resistance mechanism from antimicrobial
susceptibility pattern

At reference lab

Confirm the resistance mechanisms by molecular method
(usually detection of resistance gene by PCR)

Check the whether the phenotype (antimicrobial susceptibility
pattern, disk diffusion test, Carba NP test etc.) of isolates are
consistent with the results of genotype.

> Molecular typing
¥ Pulsed Field Gel Electrophoresis (PFGE)
v Multilocus Sequence Typing (MLST)
¥ Plasmid analysis

Antimicrobial susceptibility Test (AST)

e In Japan...
o AST is usually conducted at clinical level
= Middle to large hospitals. large commercial labs
=microdilution method with automated system
s Small hospitals and small commercial labs
=disk diffusion test

Disk diffusion test

Relatively cheap

Continuous data available
Accurate MIC is not available
Difficulty in automation

Inhibitory zone
s :
Etest

Expensive
MIC is available
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Microdilution Broth method

ALB Use 96 well plate

Add 100mi of bacterial suspension

1
A:NFLX  Incubation
g:CPFX {
CLWFX  Read the plate for bacterial growth

Automation system is available.
Dry plate and frozen plate are
commercially available.

96 well antimicrobial locating design

Break point panel
< When the S/I/R category is defined as

Susceptible =1pg/mi
Intermediate  =2ug/ml
Resistant z4pg/ml
| ”34 fwazt 16 tgs " 4 ' 2 } 05 k pzs,}é.@l
EUCAST screening cut-off for detecting
carbap producing i

MIC >0.12 pa/ml{meropenem)
Disk diffusion <25mm

Detection of

acquired p-lactam resistance among GNR

» Disk diffusion test with -lactamase inhibitor
« Carba NP test

- Detection of p-lactamase genes by PCR

l

Check the consistency
This is the main objectives of this training course

Additional analysis
- Plasmid analysis, Whole genome analysis
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ACV: amoxiciliin/clavulanate, CAZ: ceftazidime, CTX: cefotaxime, CMZ: cefmetazole, CMN: cefminox, 1PM: imipenem, MEPM: n
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Carba NP test

« Detect carbapenemase
production by change a color of
phenol red

« No carbapenemase gene was
detected by PCR, but positive by
Carba NP test

= check other genes!!

Why it is important to know the
genotype of resistance?
- Knowing the molecular epidemiology
enables
= Easy understanding of resistant
mechanisms at clinical lab
« Easy selection of resistant gene to do the
PCR detection
o Easy understanding of nosocomial
outbreak of resistant bacteria

[
Nationwide survey in 2010
Between September and December in 2010
Enterobacteriaceae isolates resistant to carbapenemes, aminoglycosides and
fluoroquinolones were collected from hospitals across Japan,

IMP-1 0XA-48

tpe KPC | NDM-1 Tike SMB-1¥
23

N BT :

22
RS I T N

“Newly identified metatio-fi-lactal chino et al. AAC 2011)

* Providencia spp., Citrobacter freundi, Serratia marcescens, Morganella morganii, Proteus
mirabilis, Klebsiella oxytoca

“IMP-1 type metallo-p p
already endemic in Japan.

*Most of KPC, NDM and OXA-48 producers are imported cases.

Enterobacteriaceae is

IMP-type carbapenemase
domestic thread of Japan

Metallo-p-lactamase, belong to Class B of the structural

classification of b-lactamase

First detected in clinical Serratia marcescens isolate from

Japan in the late 1980s.The first acquired metalio-p-lactamase

More than 30 different allotypes have been described.(IMP-1,

IMP-2 -« +)

The different IMP variants often have a defined geographical

distribution.

In Japan, IMP-1 metallo-p-lactamase have became endemic

among carbapenem-resistant Pseudomonas aeruginosa
since late 1990s.

Most of the hospital microbiologist are aware of detecting
metallo-p-lactamase by disk containing sodium mercaptoacetic
acid (SMA)

CPE is not always CRE ~ ~

MIC distribution of IMP-1type metallo-f-lactamase
producing Enterobacteriaceae

40

imipenem

(ng/mL)

meropenem

In Japan, MICs are more frequently measured for imipenem

e

MIC distribution of IMP-1/IMP-6 mefall}ﬁ:{i—lactamase
producers.

IMP-1 (n=26) IMP-6 (n=25)

imipenem imipenem

(ug/ml)

meropenem meropenem
. 4 .
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Classification of B-lactamase genes

resistance phenotypes Inhibition by
Ambler gene © T = E
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D
OXA-48 R s s s s R - - - -
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ACV: amoxicillin/clavulanate, CAZ: ceftazidime, CTX: cefotaxime, CMZ: cefmetazole, CMN: cefminox, IPM: imipenem, MEPM: meropenem

microbroth dilution
colony suspension in 3ml Mueller-Hinton broth (ca. McFarland=1 / ODgy= 0.257)

dilution (add 25ul to 12ml Mueller-Hinton broth)
!
to plate (100ul/well)

l

incubate at 37°C overnight

Rg/mL)
11 12
sSia
A [ 0.125 | 32/64
B | 0.125 | 18/32
CFPM
[=3 32 8/16
D 16 ars
E 8 2/4
F 4 1/2
<} [ =2 0.5/1
H oo f<ted
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Plasmid
The drive force of resistance gene dissemination

e ‘CD o

W OO

:Susceptible isolate )

:Resistant isolate [
> genome DNA |

i i

I . plasmid DNA

| et (meresistance gene)

Inter-species transmission of resistant
plasmid

\ QO /‘Y K. pneumoniae

S. marcescens

\i@}s E. coli

@ plasmid
(D genome DNA

“Typical” nosocomial transmission of

resistant bacteria
A D F

H i

Same species,
Identical band pattern by PFGE
typing analysis

Nosocomial outbreak of CRE ?

K. oxytoca 5. marcescen: E.coli S marcescens

Me
povil 16 4 2 8

N
=3

Q plasmid

Is this a nosocomial transmission??

S1 PFGE Southern blotting

K. pneumoniae
E. gerogenes
K. oxytoca
S. marcescens
K. pneumoniae

E. coli

E. cloacae

8
A
C
D
E
E
X
A

K. oxytoco

Plasmid (S1 PFGE) bla,, (Southern blotting)

Automated NGS reads analysis
for plasmid annotations
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NGS technology have brought plasmid analysis as a practical method for

of ial outbreak.
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Carba NP test

Aim
To detect a carbapenemase by change a color of phenol red

Materials

e bacteria on a plate (overnight culture)

o Lysis buffer (B-PERII, Bacterial Protein Extraction Reagent; Thermo)
e Imipenem-phenol red solution

e  96-well plate or 1.5 ml tube

Preparation of imipenem-phenol red solution

1. Dissolve 50 mg phenol red in 1 ml pure water after adding 1 drop 1N NaOH.

2. Add 9 ml pure water (0.5% phenol red solution).

3. Mix 2 ml 0.5% phenol red solution and 16.6 ml pure water, and adjust the pH 7.8
with 1N NaOH (drop each 3 L)

4. Dissolve 288 mg ZnS0O4 in 10 ml pure water.

5. Mix 2ml phenol red solution prepared in step 3 and 2 pul. ZnSO4 solution prepared
in step 4.

6. Dissolve 3 mg imipenem in 1 ml solution prepared in step 5.

Methods

Dispense 100 pL lysis buffer in 1.5 ml tube or 96-well plate.

Scrape off with a 10-pL loop and suspend in lysis buffer (two times).

Vortex for 5 min.

Incubate for 30 min, RT

Dispense 100 pL imipenem-phenol red solution in 1.5 ml tube or 96-well plate.
A 30 plL-volume of this lysate is mixed with imipenem-phenol red solution.
Incubate for 60-120 min, at 37 degree.

The color check with visual observation.

S R i

Reference

1. Patrice Nordomann et al. 2012. Emerg Infect Dis. 18:1503-7

2. Laurent Dortet et al. 2012. Antimicrob. Agents Chemother. 56:6437-6440

3. Monica O sterblad et al. 2014. Antimicrob. Agents Chemother. 58:7553-7556
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____, 3 4 5 8 7 8 9 10 11 12
IPM S/IA
A 64 32 16 8 4 1 0.5 0.25 | 0.125 || 32/64
MEPM
B 16 64 32 16 8 4 1 0.5 0.25 | 0.125 || 16/32
CFPM
C 32 8/16
D 16 4/8
E 8 2/4
F 4 1/2
G 2 0.5/1
H 1 GC
isolate No.
MIC(ug/ml)

IPM imipenem
MEPM meropenem

LVFX levofloxacin

CPFX ciprofloxacin

AMK amikacin

CL colistin

MINO minocycline

f}i\% piperacillin/tazobactam

S/C sulbactam/cefoperazone

GM gentamicin

PL polymyxin B

CAZ ceftazidime
CFPM cefepime

S/A sulbactam/ampicillin
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isolates (AMR course at NIID)

isolates No. species Memo (resistance genes etc...)
10-654 Pseudomonas aeruginosa
MDRP |10-655 Pseudomonas aeruginosa
10-747 Pseudomonas aeruginosa
12-277 Acinetobacter baumannii
MDRA
09-775 Acinetobacter baumannii
13-273 Klebsiella pneumoniae
10-810 Klebsiella pneurnoniae
10-811 Escherichia coli
CRE |10-822 Klebsiella pneumoniae
11-327 Klebsiella pneumoniae
12-143 Escherichia coli
13-367 Klebsiella pneumoniae
06-358 Escherichia coli
06-359 Klebsiella pneumoniae
06-355 Klebsiella pneumoniae
08-1508 Escherichia coli




PCR

1. DNA extraction

plate culture (incubated overnight at 37°C)
i
colony suspension in 500u] sterile water (ca. McFarland 0.5)

!
boil 100°C, 10min

l
centrifugation 13000rpm, 4°C, 5min

i
collect the supernatant (100ul) to other tube

2. reaction mix

PCR sheet Date
X (number of samples+3) | Total volume
PCR beads* 1
sterile water 22ul
Forward primer (20puM) 1ul
Reverse primer (20pnM) 1ul
template DNA iul
Total 25

*illustra Hot Start Mix RTG Bead, which includes: dNTPs, PCR buffer, Mg++, Taq(enzyme)

primer type (gene type)

#1 13-273 K. pneumoniae

10-810 K. pneumoniae

10-822 K. pneumoniae

11-327 K. pneumoniae

10-654 P, aeruginosa

positive control

N AN R WD

negative control
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primer list (carbapenemase genes)

gene type ‘ primer sequence(b’ —3’ ) amplicon size
F; TTGCGCAATATTATGCACCC '
NDM type 420bp
R; ATTGGCATAAGTCGCAATCC
F;ATGTCACTGTATCGCCGTCT
KPC type 893bp
R; TTTTCAGAGCCTTACTGGCCC
F; ACCGCAGCAGAGTCTTTGCC
IMP-1 type 587bp
R; ACAACCAGTTTTGCCTTACC
FiGTTTTATGTGTATGCTTGC
INP-2 type 678bp
R;AGCCTGTTCCCATGTAC
F:ATGTTCAAACTTTTGAGTAAG
VIiM-2 type 801bp
R; CTAGTCAACGACTGAGCG
) F;TTGGTGGCATCGATTATCGG
OXA-48-1ike 744bp
R; GAGCACTTCTTTTGTGATGGC

PCR program
94°C
94°C
55C
72°C
72°C
4C

Reference

- Shibata N et al. 2003. J Clin Microbiol. 41(12):5407-13

2min

Imin

Imin 30 cycle
Imin30sec

Smin

o0

- Poirel L et al. 2004. Antimicrob Agents Chemother. 48(1): 15-22
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