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\
%"*rwmw Plasma membrane

W
.-.%m E] ﬁ?‘% ‘f#_ Some antibiotics make the

7 membrane leaky, allowing
Some antibiotics weaken the wall, essential small molecules to leak

causing the cell to rupture-penicillins, out of the cell-polymyxins

Peptidoglycan cell wall

cephalosporins, vancomycin

B

Protein synthesis . RNA syntheé‘is 3 DNA synthesis
Some antibiotics inhibit ribosomes  Some antibiotics inhibit Some antibiotics inhibit
which synthesise the proteins synthesis of the RNA replication of the genetic code-
required by the cell- molecules that carry the guinolones, novobiocin
aminoglycosides, tetracyclines, genetic code between the DNA

macrolides and the ribosomes-rifampicin
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 Penicillins, cephalosporins,
glycopeptides, carbapenems

s : A « Aminoglycoside, macrolides,
i F-o %ﬁ‘ = clindamycin, tetracyclines

* Quinolones, rifampin
» Polymyxins, daptomycin

e Sulfonamide

Taiwan CDC
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 Cell wall polymer - peptidoglycan inhibitors
B-lactams : penicillins + # %
cephalosporins & 3¢ + %

carbapenems &% & #& '

 Block cross-linking of peptidoglycan
Glycopeptides : vancomycing + #& %
teicoplanin; bacitracin

* Fosfomycin : inhibit MurA biogenesis

Taiwan CDC
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o #r4130S+ipERE 30 B & = (30s ribosome)
Aminoglycosides : gentamicin, tobramycin,
amikacin, streptomycin

o $r#|50S+: pE A8 F-v B & = (50s ribosome)
Macrolides : erythromycin, clarithromycin,
azithromycin, clindamycin,
chloramphenicol

« +r4]70S4g & %825 = (70s initiation complex)
Linezolid
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« 3 #|DNA £ = (#r4|DNA gyrase)
Quinolones: nalidixic acid, ofloxacin,
ciprofloxacin, levofloxacin,

moxifloxacin, gemifloxacin

« #r#|RNA £ = : Rifampicin
DNA/RNA biosynthesis

| (Fluoro)quinolones b DNA gyrase Topoisomerase IV

Taiwan CDC
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* Polymyxins: Polycation molecule binds to
membrane and change membranous electric
charges

0\ ik

« Daptomycin: Insert phosphatidyl glycerol and
depolarization
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« Sulfonamides: inhibit folic acid synthesis
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==/ Bacterial Targets for Current
Antibiotics Used in the Clinic

Cell wall synthesis

Cycloserine W
Vancomycin, Teichoplanin Cell wall
Bacitracin
Penicillins
Cephalosporins o
Monobactams : DNA Gyrase Quinilones
Carbapenems J DNA-directed RNA polymerase
ahebababalalabale 7
N\ Rifampin
mRNA .
Folic acid Protein synthesis
metabolism Ribosomes (50S inhibitors)

Erythromycin (Macrolides)
Chloramphenicol
Clindamycin

Trimethoprim
Sulfonamides

Protein synthesis

PABA ‘ (30S Inhibitors)
Tetracycline
Spectinomycin
Streptomycin
Gentamicin, Tobramycin

(aminoglycosides)
Amikacin

Cell Membrane

Polymyxins Chloramphenicol
Transacetylase

=R : Dyner, L. (2009). Antibiotic deployment and resistance observed.
[Chart from Slideshow]. Stanford University. Retrieved from Slideshow =
from http://peds.stanford.edu/Tools/documents/AntibioticResistancelLLD.pdf Taiwan CDC
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Mechanism of Antibiotic Resistance

, ’ ‘ e Plasmid
Intrinsic (Natural) Acquired | ®Transposon
e Viral phage
Chromosome I

Genetic Methods

| -

Chromosomal Methods Extra chromosomal Methods
Mutations Plasmids

Taiwan CDC
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= |Intrinsic/Acquired Resistance
Example: Enterococcus

Intrinsic resistance
B-Lactams (particularly cephalosporins and peni-
cillinase-resistant penicillins)
Low concentrations of aminoglycosides
Clindamycin
Fluoroquinolones
Trimethoprim—sultamethoxazole
Acquired resistance
High concentrations of B-lactams, through peni-
cillin-binding proteins or B-lactamase
High concentrations of aminoglycosides
Glycopeptides (vancomycin and teicoplanin)
Tetracycline
Erythromycin
Fluoroquinolones

Taiwan CDC

http:/ www.cdc.gov.tw
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Free DNA Bacteriophage Plasmid
(Transformation) (Transduction) (Conjugation)

- Ab'
Ab'|
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) "D“asma membrane

-
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7/

Ab'[
Transposable
element

Transposition Transposition and

Recombination recombination

Ab' CHROMOSOME %

Mutation
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Resistance Genes(1/2)

 Plasmid
* Transposon

=R kIR ¢ http://www.newworldencyclopedia.org/entry/Plasmid Taiwan CDC

http://www.cdc.gov.tw
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=/ Horizontal Spreads of Antibiotic

Resistance Genes(2/2)
* Gene cassette

* Integron c

' R YR ¢ http://www.brandigg.de/brand/INTEGRON —l-aiwan CDC

http:/ www.cdc.gov.tw
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Transposons and Integrons

Transposon Tn3 Encoding TEM-1 3-Lactamase

Resolvase
IR Transposase (tnpA) (tnpR) bla (TEM-1) IR
e |
1 kb
Integron In60 Containing CTX-M-9 3-Lactamase

dfr16 qacEdeltal bla qacEdeltal
| e (CTX-M-9) i
intl1 I sull ORF513 I IR  ORF1005 IR | 3¢

sl g ___ EE———

59be 1 kb 1S3000
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B EH R4 (Selection pressure)
(Antibiotics use In human and animal)

FLF L F 2 AL
(Spread in the environment)

(R PdFFep g 352)
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Penicillin Methicillin
S aureus —¥, Penicillin-resistant Vv . Methicillin-resistant
[1950s] S. aureus [1980s] S.aureus (MRSA)
-« \/ I
Penicillinase [19197] e
production < [1990s]
Vancomycin Vancomycin-resistant
Vancc_)rrt\yctin- [20102] (glycopeptide) - enterococcus (VRE)
resistan . .
S aureus - ""°" Intermediate

resistant Cell wall structure
S aureus target change

Taiwan CDC
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= Mechanisms of Antibiotic
Resistance

* Enzymatic alteration

« Decreased permeabillity

« Efflux

 Alteration/protection of target site

* QOverproduction of target

* Bypass of inhibited process

* Bind-up antibiotic

Taiwan CDC

http:/ www.cdc.gov.tw
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Produce enzyme to inactivate

A= S

FLE e F e 8

drugs
NN\

Modify binding targets

Drug penetration barrier (porins)

Drug efflux pumping

Taiwan CDC
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Resistant Mechanism of
Common Pathogens

ANTIBIOTIC CLASS IVMIECHANISM OF RESISTANCE

Cephalosporins Extended-spectrum B-lactamases, chromo-
somal cephalosporinases

B-Lactamase inhibitors Hyperproducers of B-lactamases, new S-lac-

tamases resistant to inhibitors, chromoso-
mal cephalosporinases

Carbapenems Zinc metalloenzymes and other B-lacta-
mases
Vancomycin, teicoplanin Modified cell-wall precursors with decreased
aftinity for vancomycin
Quinolones Alterations in DNA topoisomerase, eftlux
mechanisms, permeability changes
Trimethoprim—sulfa- Resistant enzymes in folate-synthesis
methoxazole pathway
Erythromycin, new Methylation of the bacterial ribosome pro-
macrolides ducing resistance to macrolides, clindamy-
cin, and streptogramin B antibiotics
Aminoglycosides Aminoglvcoside-moditying enzymes

Taiwan CDC

http:/www.cdc.gov.tw
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= Resistant Mechanism in
Gram Positive Coccus

A Normal peptidoglycan Remodeled peptidoglycan Thickened peptidoglycan

Vancomycin
cannot bind to
cell wall

./\o

Cell wall ‘\// > | {__,; {__,é
‘—d—'—o—‘-o-c—o-‘-o-q—o

Vancomycin
becomes trapped
in thickened
cell wall

pLeqd
|

“\u‘

d@ .....Q.’Lf.

VanA

(AA Cytoplasmlc N
N ‘) f membrane i)

A Al "
Lipid carrier

-

Cytoplasm
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Structure of Staphylococcus aureus

A Surface proteins
(exponential-growth phase)

Secreted proteins
(stationary phase)

Coagulase Enterotoxin B
Protein A . TSST-1
. ™) ‘)/ a-Toxin
Elastin- Q/
binding '

protein

Peptidoglycan Capsule
1 1

B Ribitol
v Stationary teichoic #
Collagen- Phses
blndlr.\g Penicillin p-Lactamase
i P binding
— ‘); Exponential- protein
growth phase peptides
Fibronectin-
o E | e
binding dsisinris “Lipoteichoic
protein acid
[
C
Clumping factor

/

Cell-wall- Repeats Ligand-binding
anchoring domain
domain

Taiwan CDC
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Methicillin-resistant

Staphylococcus aureus (MRSA)(1/2)

 Resistant to methicillin also resistant to most
penicillins and cephalosporins

* High level methicillin resistance by mec gene
that encodes penicillin-binding protein 2a

 Horizontal transfer of mec DNA

* The expression of resistance to methicillin is
often heterogeneous

ZHR ¥l : Lowy FD, et al. N Engl J Med 1998; 330:520-32 Taiwan CDC

http:/ www.cdc.gov.tw
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N7 Methicillin-resistant

Staphylococcus aureus (MRSA)(2/2)
* Reduced-affinity penicillin-binding protein
(PBP2a or PBP2).

* Resistant to semi-synthetic penicillin and other
3-lactams.

« PBP2a encoded by mecA gene, resides within a
genomic island, staphylococcal cassette
chromosome mec (SCCmec).

* Atleast 6 SCC types (I-VI) identified.

@) ¥R 495 : Chambers HF. Clin Microbiol Rev 1997; 10:781-91 Taiwan CDC

http:/ www.cdc.gov.tw
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Type VI

MRSA, SCCmec Types I-VI
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=R § ¥ : De Lencastre H, et al. Current Opinion in Microbiology 2007;
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Evolution of Increasing
Resistance in STS

Methicillin- Vancomycin-
resistant resistant

4SP

Methicillin-
sensitive

Paediatric
M RSA clone

ST5
1
sT5 = VISA

— I isolates
ST5 » VRSA
u isolates

New York/ I
Japanese !
MRSA clone I
1
|
|

NY/Japanese
MRSA clone

Taiwan CDC
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Vancomycin-resistant
Enterococcus (VRE)

* Van A strains
— Teicoplanin (MICs 16-512 mg/l)
— Vancomycin (MICs 64-1000 mg/l)

* Van B strains
— Teicoplanin (MICs 0.25-2 mg/l)
— Vancomycin (MICs 4-1000 mg/l)
* Van C strains

— Teicoplanin (MICs 0.12-2 mg/l)
— Vancomycin (MICs 2-32 mg/l)

asp

Taiwan CDC

http://www.cdc.gov.tw
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Glycopeptide-resistant
Enterococcus
CHARACTERISTIC PHENOTYPE
VANA VANB VANC
Vancomycin MIC 64 to >1000 4 to 1024 2 to 32
(ug,/ml)
Teicoplanin MIC 16 to 512 <0.5 <0.5
(ug,/ml)
Most trequent entero- Ent. faecinm Ent. foecalis  Ent. gallinarum
coccal species Ent. faecalis Ent. faecium  Ent. casseliflavus
Genetic determinant Acquired Acquired Intrinsic
Transferable Yes Yes No

Taiwan CDC

http:/www.cdc.gov.tw
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Site of Action of Glycopeptides
Pentapeptide
/\

-aa-aa-aa-D-ala-D-ala Cell wall peptidoglycan

; . repeating unit
Target of teicoplanin

= N-Acetyl glucosamine-N-Acetyl muramic acid

aa = amino acid , D-ala = D-alanine

* Binds to terminal D-ala-D-ala dipeptide prevent
pentapeptide being used for cell wall synthesis

Taiwan CDC

http:/ www.cdc.gov.tw
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VanA-Type Resistance in
Enterococcus

Vancomycin

D-Ala

D—f\la [ Peptidoglycan ]

tri
| I |
D-Ala D-Ala D-Ala
D-Ala D-Ala D-Lac

Taiwan CDC

http:/ www.cdc.gov.tw
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55y . .
& Mechanism of Vancomycin
Resistance in Enterococcus

Vancomycin-Susceptible Enterococci

Vancomycin-susceptible enterococci Vancomycin
make cell-wall precursors that have
high affinity for vancomycin.

—»

Tripeptide containing intermediates
in cell-wall synthesis

Inhibition of cell-
wall synthesis

-D-Ala-D-Ala

X—>

Vancomycin-Resistant Enterococci

Vancomycin-resistant enterococci, in the presence
of vancomycin, make cell-wall precursors that
have low affinity for vancomycin. Vancomycin
Cell-wall

g
H - synthesis
e Y - -

Taiwan CDC

http:/ www.cdc.gov.tw
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« Vancomycin resistance Is acquired by mutation
and thickening of cell wall due to accumulation
of excess amounts of peptidoglycan.

.
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Murein ase
monomer

Murein monomers — — Glycosyltransferases
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Resistant Mechanisms of Gram-Negative Bacterium

Antibiotic Gram-Negative Bacterium o
° 2
0 °
Loss of porins B-lactamases in periplasmic space
carbapenems (imipenem) - i

; B-lactams (including carbapenems
' alk for some B-lactamases)

" Porin

o

aminoglycosides, tetracycline antibiotics
O/ONQ,}—’ & (tigecycline), and chloramphenicol
!
& @ \

= Q° o° = (1 ” )
= Antlblotac '
A
= 4 ‘.\‘/oo Q & ]
— T
[

Overexpression of
transmembrane efflux pump
B-lactams (meropenem), quinclones

0

00
| =
ué - \ /
\ Antibiotic -
< Plasmid wuth antlblonc- —Q o >
> >
Bypass targets resistant genes Antibioti difyi
trimethoprim (dihydrofolate reductase), o \\’ ar:i:\o'oluc:'or::ﬂe's ';g:)r:]zgg;i
sulfonamides (dihydropteroate synthase) < \\‘)b\ . ,,0 > gl » SR
z Q. Ribosomes ! =
-~ - rf . g LGP
¥ -3 Protems Target mutations (™ 3
; ' :
| A
7‘/ ' J ' Ribosomal mutatlon or modification ghinalanes (DNA gyt i -
2 . topoisomerase V)
~Q o ' & tetracyclines (TetM or TetQ), ,
i o) 9 X aminoglycosides (rRNA methylation) \¥
Mutations in .
lipopolysaccharide structure

polymyxin antibiotic class B<” ¥

: Protein Lipopolysaccharide
@ ° “5 °
FERL I

Peleg AY, et al. N Engl J Med 2010; 362:1804-13

Qa
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=/ Major Resistant Gram-Negative

Bacteria: B-Lactamase
Drug-Resistant Pathogen

Extended-spectrum B-lactamase—producing
Enterobacteriaceae

Carbapenemase-producing
Enterobacteriaceae

Carbapenem-resistant Pseudomonas
aeruginosa and Acinetobacter baumannii

Taiwan CDC

http:/ www.cdc.gov.tw
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= Resistance in Enterobacteriaceae

Molecular
B-Lactamase Examples Substrates class
Broad-spectrum TEM-1, TEM-2, SHV-| Penicillin G, aminopenicillins, carboxypenicillins, A
piperacillin, narrow-spectrum cephalosporins
OXA family Substrates of the broad-spectrum group plus D
cloxacillin, methicillin, and oxacillin
Extended-spectrum ~ TEM family, SHV family Substrates of the broad-spectrum group plus A
oxyimino-cephalosporins, and monobactam (aztreonam)
CTX-M family Substrates of the expanded-spectrum group plus, A
for some enzymes, cefepime
OXA family Same as for CTX-M family D
Others (PER-I, PER-2, BES-1, Same as for TEM family and SHV family A
GES/IBC family, SFO-1, TLA-1,
VEB-1, VEB-2)
AmpC ACC-I, ACT-1, CFE-1, CMY family, Substrates of expanded-spectrum group plus cephamycins C
DHA-2, FOX family, LAT family,
MIR-1, MOX-1, MOX-2
Carbapenemase IMP family, VIM family, GIM-1, SPM-1  Substrates of the expanded-spectrum group plus B
(metallo-[3-enzymes) cephamycins and carbapenems
KPC-1, KPC-2, KPC-3 Same as for IMP family, VIM family, GIM-1, and SPM-| A
OXA-23, OXA-24, OXA-25, OXA-26, Same as for IMP family, VIM family, GIM-1, and SPM-| D

=R ¥ - Paterson DL. Am J Infect Control 2006; 34:S20-8

OXA-27, OXA-40, OXA-48

Taiwan CDC

http:/ www.cdc.gov.tw
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=/ Ambler Molecular Classification
B-Lactamases(1/2)

[B-lactamase-class B-lactamases Important examples Preferential occurrence Important phenotypical
resistance traits?

of

Broad-spectrum TEM-1, TEM-2 SHV-1, ampicillin, cephalotin

A Seri B-lactamases SHV-11 Enterobacteriaceae and

erine nonfermenters®
ESBL TEM-type TEM-3, TEM-52 s
penicillins, 3rd gen.

ESBL SHV-type SHV-5, SHV-12 cephalosporins
ESBL CTX-M-type CTX-M-1, CTX-M-15
Carbapenemases KPC, GES, SME all B-Lactams®

c . AmpC cephamycinases AmpC Enterobacter spp. cephamycins (cefoxitin),

Serine (chromosomal-encoded) Citrobacter spp. 3rd gen. cephalosporins

Taiwan CDC

http:/ www.cdc.gov.tw
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Ambler Molecular Classification of
B-Lactamases(2/2)

B-lactamase-class B-lactamases Important examples Preferential occurrence Important phenotypical
resistance traits?

AmpC cephamycinases CMY, DHA, MOX FOX, Enterobacteriaceae cephamyecins (cefoxitin),
(plasmid-encoded) ACC, 3rd gen. cephalosporins
Broad-spectrum 0OXA-1, OXA-9 oxacillin, ampicillin

Enterobacteriaceae;

D Serine B-lactamases A baumannii cephalotin
ESBL OXA-type OXA-2, OXA-10 penicillins, 3rd gen.
cephalosporins
Carbapenemases; 0XA-48; ampicillin, imipenem:;
Carbapenemases 0XA-23,-24,-58 all B-lactams¢
B MBL-Zn Metallo--lactamases VIM IMP Enterobacteriaceae and  all B-lactams®
(Carbapenemases) nonfermenters

Taiwan CDC

http:/ www.cdc.gov.tw
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e e
Bush-Jacoby Functional

(N

Classification of B-Lactamases(1/2)

Inhibited by

Bush-Jacoby-

group Medeiros Molu,clul]i'r ?]dSS Distinctive substrate(s) Defining characteristic(s) RLPK?'“H‘MFM
(2009)  group (1905)  (SUbCla) CA or TZB* EDTA enzyme(s)

1 1 C Cephalosporins No No  Greater hydrolysis of cephalosporins E. coli AmpC, P99,
than benzylpenicillin; hydrolyzes ACT-1, CMY-2,
cephamycins FOX-1, MIR-1

le NI® C Cephalosporins No No  Increased hydrolysis of ceftazidime — GC1, CMY-37
and often other oxyimino-B-
lactams

2a 2a A Penicillins Yes No  Greater hydrolysis of PCl
benzylpenicillin than
cephalosporins

2b 2b A Penicillins, early cephalosporins ~ Yes No  Similar hydrolysis of benzylpenicillin  TEM-1, TEM-2,
and cephalosporins SHV-1

2be 2be A Extended-spectrum Yes No  Increased hydrolysis of oxyimino-- TEM-3, SHV-2,

cephalosporins, lactams (cefotaxime, ceftazidime, CTX-M-15,
monobactams ceftriaxone, cefepime, aztreonam) PER-1, VEB-1
2br 2br A Penicillins No No  Resistance to clavulanic acid, TEM-30, SHV-10
sulbactam, and tazobactam
2ber NI A Extended-spectrum No No  Increased hydrolysis of oxyimino-- TEM-50
cephalosporins, lactams combined with resistance
monobactams to clavulanic acid, sulbactam, and
tazobactam

2c 2c A Carbenicillin Yes No  Increased hydrolysis of carbenicillin ~ PSE-1, CARB-3

2ce NI A Carbenicillin, cefepime Yes No  Increased hydrolysis of carbenicillin, RTG-4
cefepime, and cefpirome

2d 2d D Cloxacillin Variable No  Increased hydrolysis of cloxacillin or OXA-1, OXA-10

=R ¥ : Bush K, et al. Antimicrob. Agents Chemother. 2010; 54(3):969-72

oxacillin

Taiwan CDC

http:/www.cdc.gov.tw
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Bush-Jacoby Functional
Classification of B-Lactamases(2/2)

Bush-Jacoby  Bush-Jacoby-

Inhibited by

group Medeiros Mo(l;ﬁfé?;g;ass Distinctive substrate(s) Defining characteristic(s) R"'Slr;;]ns‘f;w'
(2009) group (1995) e CA or TZB* EDTA yme(s
2de NI D Extended-spectrum Variable No  Hydrolyzes cloxacillin or oxacillin OXA-11, OXA-15
cephalosporins and oxyimino-B-lactams
2df NI D Carbapenems Variable No Hydrolyzes cloxacillin or oxacillin OXA-23, OXA-48
and carbapenems
2c 2e A Extended-spectrum Yes No  Hydrolyzes cephalosporins. CepA
cephalosporins Inhibited by clavulanic acid but
not aztreonam
2f 2f A Carbapenems Variable No Increased hydrolysis of KPC-2, IMI-1,
carbapenems, oxyimino-B-lactams, SME-1
cephamycins
3a 3 B (B1) Carbapenems No Yes  Broad-spectrum hydrolysis including IMP-1, VIM-1,
carbapenems but not CcrA, IND-1
monobactams

ZeR] 75 : Bush K, et al. Antimicrob. Agents Chemother. 2010; 54(3):969-72 LG IAZG L1 I B BL D

http:/www.cdc.gov.tw
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Z/Molecular/Functional Features of
Major B-Lactamases

B-Lactamases

Active site Serine Metallo (Zn)
Molecular c A D B
class |
Functional 1 2 2d 3
group | |
Major functional | | | |
subgroups 1 1e 2a 2b 2be 2br 2f 2de 2df 3a 3b
Known Cf Cf Pn Pn Pn,Cf Pn Pn, Cf, Pn,Esc, Pn,Cb Pn,Cf, Cbh, Chb
substrates Esc Cf Esc,M Cb,MEsc, M Esc
Inhibitor + . + +/ + 4
profile CA - ) } )
EDTA - - - - - - - - - + +
Representative . ¢ Gc1 Pc1 TEMA1 CTX-M IRT KPC OXA-11 OXA23  IMPVIM CphA
enzymes or. cMY SHV-1 ESBLs SHV-10 SME OXA-15 OXA-48 NDM
enzyme family (TEM,SHV)

Taiwan CDC

http:/ www.cdc.gov.tw
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Increasing No. of Group 1, 2, and 3
B-Lactamases from 1970 to 2009

750
=—@=—=_Group 1/class C cephalosporinases

600 — =@ Group 2/class A and class D B-lactamases
" =8 Group 3/class B metallo-B-lactamases
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N/ Extended-Spectrum B-Lactamase-
Producing Enterobacteriaceae
| Country

CTX-M1 taly

CTX-M2 srael, Argentina
CTX-M3 Poland

CTX-M9 Spain

SURRILE: Most common (Sl?lia::g, canaca,
CTX-M15 JlETX-Menzymes | \yqrgwide




Significance of Clinically
Relevant B-Lactamases

RNLER
C

(13) 97  (309) (1302)
100% -
80% -
= AmpC
BTEM
60% - M SHV
B CTX-M
40% - B OXA
m VIBL
M Others
20%
0% -

1970 1989 2000 2012
Taiwan CDC
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==/  Selected B-Lactamases of
Gram-Negative Bacteria (1/3)

Inhibition by Molecular
-Lactamase Examples Substrates Clavulanic Acid* Class
P

Broad-spectrum TEM-1, TEM-2, SHV-1 Benzylpenicillin (penicillin G), amino- e A
penicillins (amoxicillin and ampi-
cillin), carboxypenicillins (carbeni-
cillinandticarcillin), ureidopenicillin
(piperacillin), narrow-spectrum
cephalosporins (cefazolin, cepha-
lothin, cefamandole, cefuroxime,
and others)

OXA family Substrates of the broad-spectrum - D
group plus cloxacillin, methicillin,
and oxacillin

Taiwan CDC

http:/ www.cdc.gov.tw
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==/  Selected B-Lactamases of
Gram-Negative Bacteria (2/3)

Inhibition by Molecular

pB-Lactamase Examples Substrates Clavulanic Acid* Class
Expanded-spectrum TEM family and SHV Substrates of the broad-spectrum +++ A
family group plus oxyimino-cephalo-

sporins (cefotaxime, cefpodoxime,
ceftazidime, and ceftriaxone) and
monobactam (aztreonam)

Others (BES-1, GES/IBC  Same as for TEM family and SHV e A
family, PER-1, PER-2, family
SFO-1,TLA-1, VEB-1,
and VEB-2)
CTX-M family Substrates of the expanded-spectrum ++++ A
group plus, for some enzymes,
cefepime

Taiwan CDC

http:/ www.cdc.gov.tw
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=/  Selected B-Lactamases of
Gram-Negative Bacteria (3/3)

Inhibition by Molecular

pB-Lactamase Examples Substrates Clavulanic Acid* Class
AmpC ACC-1, ACT-1, CFE-1, Substrates of expanded-spectrum 0 C
CMY family, DHA-1, group plus cephamycins (ce-
DHA-2, FOX family, fotetan, cefoxitin, and others)

LAT family, MIR-1,
MOX-1, and MOX-2

Carbapenemase IMP family, VIM family, ~ Substrates of the expanded-spec- 0 B
GIM-1, and SPM-1 trum group plus cephamycins
and carbapenems (ertapenem,
imipenem, and meropenem)

KPC-1, KPC-2, and KPC-3  Same as for IMP family, VIM family, +++ A
GIM-1, and SPM-1

OXA-23, OXA-24, OXA-  Same as for IMP family, VIM family, + D
25 OXA-26, OXA-27, GIM-1, and SPM-1

OXA-40, and OXA-48

Taiwan CDC

http:/ www.cdc.gov.tw
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Metallo-B-Lactamases

IMP-1
Japan Pseudomonas aeruginosa’
Japan Enterobacteriaceae®
Japan Acinetobacter baumannii®
Japan Acinetobacter xylosoxidans™
IMP-2
ltaly A baumannii*
Japan P aeruginosa™®
IMP-8
Taiwan Enterobacteriaceae®
China A baumannii*®
Portugal Pseudomonas mendocina®

VIM-2
France
Korea
Taiwan
Greece
VIM-3
Taiwan
Taiwan

Taiwan
VIM-11

Argentina
Taiwan

Taiwan

P aeruginosa®
A baumanniiz®
Enterobacteriaceae”

A xylosoxidans®®

P aeruginosa®
A baumannii®®

Enterobacteriaceae®®

P aeruginosa®

A baumannii**

Enterobacteriaceae’!

Taiwan CDC

http:/ www.cdc.gov.tw
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Carbapenem-resistant
Enterobacteriaceae

fe % 5 ESBL-producing (CTX-M) » # & 3 outer
membrane change -

e & 2 ESBL-producing (CTX-M) » & =%
regulation of efflux pump -

fr B 5 AmpC B-lactamase-producing » & 7 7
outer membrane change -

fr B 5 AmpC B-lactamase-producing > ¥ # 7
up-regulation of efflux pump -

Secretion of carbapenemases in the plasmid.

!

up-

=\

\

8| 4R/ 9V  Lancet Infect Dis. 2009 Apr; 9:228-36 Taiwan CDC

http:/ www.cdc.gov.tw
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Worldwide Types of
Metallo-B-Lactamases

0N ik

Taiwan CDC

http:/www.cdc.gov.tw
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27" Global Expansion of KPC
Carbapenemases

Poland 2008
Finland and Sweden Five regional
2009 outhreaks

Sporadic or imported

UK 2003 = \

Localised to
northwest England

Hungary 2008
Sporadic

Ireland 2009
KPC-2 sporadic

Greece 2007
KPC-2 endemic

Canada 2008
KPC-3 imported

France 2005
KPC-2 sporadic

Portugal
No clinical cases

USA 1996 China 2004
KPC-2 and KPC-3 = - % KPC-2 and KPC-3
endemic in some states Spain 2009. endemic
KPC-2 sporadic

Israel 2005
Endemic

Colombia 2005 Italy 2008 —
KPC-2 and KPC-3 KPC-2 and KP(-3 India 2002
endemic endemic Q Sporadic cases
reported ° Australiaand
New Zealand
Brazil 2006 Il KPC endemic and predominant Imported
KPC-2 endemic [ KPC scattered and predominant ¥

® KPCrecorded, but not widespread \V; j

® KPC recorded, but only from environmental sources

Argentina 2006 ;
KPC-2 endemic [ Other carbapenemase types scattered and predominant over KPC

Il Other carbapenemase types endemic and predominant over KPC

¥HRI 35 © Munoz-Price LS, et al. Lancet Infect Dis 2013; 13:785-96 Taiwan CDC

http:/ www.cdc.gov.tw
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Mechanisms Involving

Carbapenem Resistance of AB

Metallo-B-lactamases (MBLS)

— IMP-, VIM- group

« Carbapenem-hydrolysing oxacillinases (CHDLS)
— OXA- group

* Loss of outer membrane proteins (OMPs [porin])
— Decreased permeability

* QOver expression of efflux pump

= ¥RV - Poirel L, et al. Clin Microbiol Infect 2006; 12:826—-36 -
Giamarellou H, et al. Int J Antimicrob Agents 2008; 32:106-19 Taiwan CDC

http:/ www.cdc.gov.tw
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KPC-Enterobacteriaceae

K pneumoniae

MP ETP A e SRR IR

< % KPC- B D'

iy .. ¥ . \' 5

7 y USA 4 L)
= = 5 ¥ kpc. N 3
24 2% A \ = \
6 6 - 4 R R
e o Greece ¥ ¢ CRKP- |
‘

8 i . porin loss ' |
4 = L.._./ \
3 3 @
2 2 - ‘“-‘
o 15 7 .
1.0 — ) 5 .
75 1 75 1 |
.50 — 50 - ‘
389 38 7 ; N . 4
25 — 25 — AN, N
19 1 19 1 ; 3 —
125 — 125 — g i
-0Q4 A 094 A

Taiwan CDC
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Detection Carbapenemase in CRAB

MName Mucleotide sequence (3'=3") Location
Ab-GF ACAAGAAATCTGCTCGT orAd
Ab-GR CGAAGTTACCCTGACCATC orAd
5'-CS GGCATCCAAGCAGCAAG Integron
3.CS AAGCAGACTTGACCTGA Integron
ACI10 GCTGAACGCGATAAACTTC ISAbal of bla ympe
ACI2 TAGTACTGCTATTTACGGCT bla AmpC
IMP-A GAAGGYGTTTATGTTCATAC blay e
IMP-B GTAMGTTTCAAGAGTGATGC bla e
VIM2004 A GTTTGGTCGCATATCGCAAC bla
VIM2004B AATGCGCAGCACCAGGATAG blay;yn
OXA23-F GATCGGATTGGAGAACCAGA blags a3
OXA23-R ATTTCTGACCGCATTTCCAT bla e s 22
OXA24-F GGTTAGTTGGCCCCCTTAAA - W
OXA24-R AGTTGAGCGAAAAGGGGATT bla g s >4 5ike
OXAS51-F TAATGCTTTGATCGGCCTTG blagx A s1-1ike
OXASI-R TGGATTGCACTTCATCTTGG blaqyx a-s1-1ike
OXA-58-F AAGTATTGGGGCTTGTGCTG bla x4 <8
OXA-58-R CCCCTCTGCGCTCTACATAC |, T
OXA-58A CGATCAGAATGTTCAAGCGC blaqx a ss
OXA-38B ACGATTCTCCCCTCTGCGC blags a ss
ISAba3B CGTTTACCCCAAACATAAGC tmpA of 1S4ba3 (but not in 184ba3-like)
ISAba3C AGCAATATCTCGTATACCGC tnpA of ISAba3-like and 1S4ba3
ISAbal-F GOGATCCCTCTGTACACGAYAAATTTC 1S4bal
OXA23-R1 GAATTCTTAAATAATATTCAGCTGTTTTAATG [, T—
OXAS51-R1 GAATTCCTATAAAATACCTAATTGTTCTAAAC blaqx A s1.ike

=R ¥ : Lin YC, Sheng WH, et al. Antimicrob Agents Chemother 2010;
54:2078-84

Taiwan CDC

http://www.cdc.gov.tw
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ain Mechanisms of Antimicrobial
Resistance of A. baumannii

Remarkable capacity to show resistance to antibiotics of
most classes

Intrinsically, or
Following acquisition of resistance

Various mechanisms of resistance

Production of B lactamases

Efflux pumps

Lower permeability of the outer membrane
Mutations in antibiotic targets (eg, for quinolones)
Production of enzymes inactivating aminoglycosides

| ©rR| 3} : Karageorgopoulos D, et al. Lancet Infect Dis 2008; 8:751-62 Taiwan CDC

http:/ www.cdc.gov.tw
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= Efflux Pump and Outer
Membrane Protein

|
(Ab) (Ab) )
(Ab) > (Mac)
u/_ @ Mac)
(Ab) ny (Mac)
Ve Y Lps
J J 4 \.,,-.',,.l Ye J J'J J J I I I I
'\ TolC | '\ TolC | Outer membrane
\ y: \P) //
‘\“1( // \‘\— IO
/ \\\. /' \
3 AcrA o  MacA | Periplasm
o Pl
! \\ , .,\}\\ / \\
| AcrB | 1 MacB | | Inner membrane
-
ATP
H* (Ab) (M\a_cb
O ADP
+Pi

Taiwan CDC
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=/ Families of Multidrug-resistant
Efflux Pumps

« ATP-binding cassette (ABC) superfamily

« Major facilitator superfamily (MFS)

« Multidrug and toxic-compound extrusion (MATE)
family

« Small multidrug resistance (SMR) family
« Resistance nodulation division (RND) family

Taiwan CDC

http:/ www.cdc.gov.tw
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= Multidrug-resistant Efflux Pumps

?ﬁ RND
g family

Gram-positive bacteria

000000000

Numerous
drugs

» |Numerous drugs

» | Acriflavine
Benzalkonium
Cetrimide
Chlorhexidine
Pentamidine

MATE family o e
Z NorM » | Aminoglycosides membrane’ Novobiocin
Na*(H") Fluoroquinolones
Cationic drugs b 2 2 8RN
qfﬁ}o@dPerl lasm
p
CytOPlasm SMR family %duter membrane
» | Acriflavine W
H* Benzalkonium

OOO‘
Cetrimide XX)O“M

Gram-negative bacteria

Taiwan CDC

http:/ www.cdc.gov.tw
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