| Enterococcus spp.

Lancefied
group D . 1984 Schleifer Klipper -Balz

I DNA-

DNA hybridization 1DNA- rRNA hybridization  16S rRNA sequencing 1984

17 [ g 1
pathogenic cocci

Bl (chain)
facultative bacteria (fastidious organism)

5-10 37°
10 45 1 catalase

3 1) (3 -hemolysis,
hemolysin ~ 2)Ot-
hemolysis (partial  incomplete hemolysin)



T
| AjSTnmrujjHi"0l6g

biliverdin -~ 3) y- hemolysis
2. ' (serology) serogroup
Lancefield2> C- carbohydrate 20 serogroup
enterococcus serogroup D a 'y hemolysis bile
esculin hydrolysis group enterococcus  non - enterococcus
6.5 % NaCl Enterococcus
6.5 % non -enterococcus '
L- pyrrolidonyl-nephthylamide PYR reaction
aminopeptidase (PYR)
3 ! 4
utilization 2
4, (molecular techniques)
E faecium
E faecalis (biological
macromolecule) protein 1 lipopolysaccharide nucleic  acid

polymerase chain reaction <84) RFLP (4), hybridization €9 sequencingl47L

E faecium  E faecalis

(bacteremia)
(endocarditis)
(intestinal epithelial cell)
(phagocyte) mesenteric lymph nodes proliferation
hematogenesis

' anaerobic intestinal organism
E faecalis broad spectrum
histological



endocardial
endocarditis

1 Proposai of species to be included in the genus Enterococcus

Species Date
E.faecalis 1984
E.faecium 1984
E.avium 1984
E.casseliflavus 1984
Edurans 1984
E.gallinarum 1984
E.malodoratus 1984
E.hirae 1985
E.mundti 1986
E.raffinosus 1989
E.soatariUS 1989
E.pseudoavium 1989
E.cecorum 1989
E.columbag 1990
E.saccharolyticus 1990
E.dispar 1991
E.sulfureus 1991
E.seriolicida 1991
E flavescens 1992

:Murray et al, Manual of clinical microbiology 6hedition, 309



(virulence factor)(48)
cytosin Bggregation substance Lpheromones, iipoteicnoic
acid 1protease, hyaluronidase AS-48
3 aggregation
substance ( host tissue) cytolysin
aggregation substance
pheromone lipoteicholic acid

(clinical significance)

immonocompromised
Platt
1982

5-10 E. faecalis
Viridans streptococci,
Streptococcus bovis 20-30

( enigitis)



16 Patt 1982
14

Enterococcus

Disk diffussion test<)

MIC (Minimal Inhibition Concentration)
!I

Agar dilution test 5>

Epsilometer test (E-test) (%)
MIC
fastidious organism
inhibition zone
E-test E-test
MIC phenotype



2 ldentification of Enterococcus species

Q06
Qupl
£aium
Emdlodoratus
ErajUdts
Epsouoavim
Qupll
Efaeodis
Efeecium
EcaseUfd s
Emundii
EJaesas
Egallmarum
Gupll
Edlras
Ehirat
Ediqar
Efecalisiar)
Quplv
Exjuas

“Abbreviations and ymbois MAN. mannitol; SBL. sorbitol; SOR. sorbose: ARG. arginine: ar a.arabmosc:RAI\ nffinose:

MN & IR AG AA R¥ TH MI HG

S

+ o~

+ + + +

4
+

+

I

+

+

L

+ e

= 4+ A4 A+

S

4

P

+ + &~

+ + &~ 4+

TEL. 04% tellurite; MOT. motility: PIG. pigmented: Sue. sucrose: PYU. pyruvate: RIBjibosc: -r. >90% positive; -, <10% positive;

Or 4-,, occasional exception (<3% of strains show aberrant reactions); K note tested, so results are unknown.
Excerpted from Fackkm R. and Sahra D. (1995)

Murray et al,, Manual of clinical microbiology 6t edition

311
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3 Difinite and potenttial virulence factors for Enterococci

Factor

Cytosin

Aggregation
Substance

species in which
found to date

E faecalis, E faecium 228

E . faecalis, E faecium 228

Pheromones E. faecalis

Lipoteichoic
Acid

Protease
(galatinase)

all enterococci

E faecalis

Fiyaluronidase E. faecalis

AS-48

E faecalis

observed activities and model
system used

Lytic towards gram-positive bacteria and
Selected eukaryotic cell; decrease LDF)
And time to death in murine peritoneal
Infection; destruction of retinal tissue in
rabbit

Facilitates binding of donor to recipient
in pheromone mating response;
Augmented adherence to cultured renal
Tubular cells through Arg-Gly-Asp motifs
chemoattractant for neutrophils in vitro

stimulating of cytokine production in
Culture human monocytes; hinding ligase

for aggregation subatance in pheromone
mating response

Zinc- endopeptidase
mocopolysaccharidase
Bacteriocin with activity againt bacteria



' Vancomycin <)
Vancomycin glycopeptide
Actinomycetes Staphylococus
aureus Enterococcus  spp. 2
teicopianin -~ avopacin avopacin
Vancomycin
teicopianin ..1980 glycopeptide
avopacin
Vancomycin tricyclic  glycopeptide
Amycoolatopsis  orientalis 2 chlorinated (3 - hydroxytyrosine, 3
subtituted phenylglycin system, N- methyll eucine  aspartic acid amine
heptapeptide 1 v
4 vancomycin gastrointestinal
tract
(Intramuscular)
(Intravenous)
cerebraspinal fluild (CSF) vancomycin
(3-lactam pennicillin Cephalosporin 2
hypersensitivity MRSA (prophytaxis)
endocarditis aminoglycoside
Teicopianin Vancomycin
Actinoplanes teichomyceticus aglycone backbone
heptapeptide aromatic amino acids 2 D-
mannose N - acetylglucosamine 5 A2-1, A2-2, A2-3,

A2-4 A2-5 acylaliphatic side chain



teicoplanin (gastrointestinal  tract)
vancomycin
bolus vancomycin
: neptrotoxicity
ototoxicity
Avopacin glycopeptide
vancomycin 4 1
(EV) 1974 20 mglkg 40
mglkg 10 mglkg
normal flora
avopacin carcinogenic  effect <
Vancomycin*®
glycopeptide (cell  wall)
2
D-alanyl-B-alanine pentapeptide
(inner  membrane) (outer membrane)
peptidoglycan  polymer
transgosylation
transpeptidation
D —alanyl —D —alanine D —alanyl —D —actate
glycopeptide 3
(MIC)  vancomycin MIC
05- 40 ug/ml E faecalis

teicoplamin -~ MIC 0.12-0.5 ug/ml



,  Vancomycin

Inducible resistance
(MIC) > 64 ug/ml
Constitutive resistance

(3- lactamase, Aminoglycoside - modifying enzyme, Chloramphenicol
acetyltransferase

2. Cell envelop
\p

Alteration — Pennicillin binding Proteins (PBPg)
Enterococcus BStreptococcus

Phenotype  VRE

Enterococcus vancomycin
phenotype 2
(low-level) MIC: 8-32 ug/ml

' (high-level) MIC. > 64 ug/ml
phenotype phenotype

1) low-level teicoplanin
Staphylococci coagulase vancomycin
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2) inducible - low - level vancomycin Enterococcus
teicoplanin

3) inducible high-level transferable vancomycin teicoplanin

Enterococcus

High - level transferable vancomycin Van A phenotype
inducible low-level  vancomycin Van B phenotype Van A

plasmid encode transposon
4 Van B phenotype chromosome
chromosome chromosome

transposon@l Van A phenotype
glycopeptide Van A high level vancomycin
teicoplanin vancomycin 1 2
enterococcal membrane fraction 1) 39 kDa protein Van A ligase

2) ,D- carboxypeptidase

High level resistance  glycopeptide 1 enterococcus
vancomycin conjugation self transferable plasmid
Van A phenotype  caries  Tn1546 4
phenotype Enterococci 3
5 3 Van & Van E@  Van G@)
Van A Van B E faecium E faecalis Van C
E gailinarum E casseliflavus VanA ~ MIC ~ vancomycin
64 ugiml >1,024 ug/ml teicoplanin 1-2
Genetic mutation VRE (transferable
resistance) 2

(plasmid) extrachromosomal DNA L
(circular)  double - strain DNA Cytoplasm



Conjugation

bacil conjugation plasmid
Transduction

Transformation

(antibiotic resistant gene)
conjugation plasmid
Enteric
phage virus

enterococcus

Streptococcus sanguis, Lactococcus lactis, Streptococcus pyogenes  Listeria

monocytogenes

(Transposon)

segment) double strand DNA

encode

9/

Enterococcus ~ vancomycin  Tn1546

jumping gene (circular

4-25 kb

fransposon



glycopeptide

16
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4 Comparative in Vitro activity of glycopeptides againt some common
pathogenic bacteria: MIC(mg/l)

Species Vancomycin Teicoplanin
Staph.aurues(Methicillin-sensitive) 1-2 0.12-1
Staph.aurues(Methicillin-resistant) 12 0.5-1
Coagulase-negative staphylococci 14 0.25-32
Haemolytic Streptococci (Lancefield group

A-C and G) 0.12-0.25 0.03-0.12
Viridans Streptococci 0.25-2 0.06-2
str.pneumoniae 0.12-0.25 0.03-0.12
Ent.faecalis 14 0.12-0.5
L. monocytogenes 0.25-0.5 0.25-0.5
Coryn.diphtheriae 0.06-0.25 0.06-0.5
Coryn.jeikeium 052 051
Propionibaterium acnes 051 0.06-2
Peptostreptococccus spp. 0.12-0.5 0.12-0.25
Cl.perfringens 0.12-0.5 0.03-0.12
Cl.difficile 0.06-1 0.03-0.2
Enterobacteriaceae R R
Ps.aeruginosa R R
B.fragilis groub R R

R = resistant



5. Glycopeptide resistance enterococci

Phenotype  Genotype  Vancomycin

VanA

VanB

VanC
VanC
VanC
VanD

Vank
VanF

VanG

vanA

MiliB

vanC'|
vanC-2
vanC-J

vanD

vatie
vanF

vanG

MIC (wg'/mL)
64-1000

4-1000

2-32
2-32

2-32
16-25

800

Teicoplanin
MIC (pg/mL)

16-512

0.25-2

0.12-2

0.12-2

0.12-2

2-64

0.5

05

Expression  Transfer Bacterial

Inducible 4

Inducible

Constitutive
Inducible

Constitutive
Constitutive
Constitutive

Species

£. faecium
E.faecalis

E. avian:

E. gallinatum
E. durons

E. mundtii

E. casseliflavus
E raffmosus
E. hirue
E.faecium

E. faecaiis

E. gallinantm
E. durons

E. gallinarum

E. casseliflavus
E.flavescens
E.faecium

E. faecaiis
E.faecaiis
Paenibacillus
popilliae
E.faecaiis
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Glyeopepfide-Susceptible Gltopepfide-Resistant

" Pyruvate
1Ll 0-Ala-D-Ala

Naracemage ‘ * kim
VanX
204 D-Lat 10-A3

DAl D-Alaligase A~ s

ATP T

ATP

DAla D3 DrAla O-La

UOP-MurL-ARD-Ol-LoLys | D-NaO-dla-addngenzime | UOP-MurL-Ala-0-Glu-L-Lye
AP

* v

UOP-Mur-L-Afa-D-Glu-L-Lys-O-Ala-0-Ala UDP-ur-L-Alg-D-Glu-L-Lys-O-Ala-D-Lac

YanY
UDP-Hur-LAlR-D-GlieL-Lys-O-Ala D —* UDP-Mur-L-Ala-D-GlurL-Lys-0-Ala + D-Ala
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6 phenotypic typing
Typing system Proportion of  Reproducibilit ~ Discriminatory ~ Ease of Ease of
Strains typeable power Interpretation  Performance
Biotyping Al Poor Poor Excellent  Excellent
Antimicrobial Al Fair Poor Excellent  Excellent
susceptibiliry Most Good Fair Good Fair
Serctyping Most Fair Fair Fair Poor
Bacteriophage typing Al Good Good Fair Good
oblotting Al Excellent Good Excellent  Good
MLEE
VRE
Enterococcus
(59 1 i
2 Phenotype

techniques  Genotype techniques
L Phenotype techniques
phenotype

11 Biotyping

metaholic activity biochemical reaction, colony morphology
(conventional tolerances)



1.2 Antimicrobial Susceptibility Testing

(point mutation)

MIC
transposon
aureus E faecalis®)

1.3 Serotyping
antigenic determinants

lipopolysaccharide . capsule 1 polysaccharide member protein
extracellular organells  serotyping

monoclonal antibody direct agglutination, latex
agglutination 1enzyme lebeling fluorescence labeling monoclonal
antibody reproducibility discriminatory

: 1

1.4 Bacteriophage

Phage typing
standard set of phage aureus Samonella
species
phage typing stock
biological active phage  control strain phage typing

(reference  laboratory)
standard

phage
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15 Electrophoretic protein typing and nobloting
1 giycoprotien,
conjugates  lipopolysaccharides
sodium -deocyle sulfate-polyacrylamine gel electrophoresis
radiolabel pattern autoradiography

obloting
nitrocellulose
enzyme - labeled anti - immunoglobulins

(extraction) (bacterial growth condition)

16 MLEE (Multiocus Enzyme Electrophoresis)*l
electrophoretic  blities
metabolic enzyme  cell extracts  soluble material enzyme
electrophoresis ~ non - denaturing starch gel
specific colorimetric  substrate
electromorphs
alleic variations code
combined electromorphs electropheretic types (ETs)
multilocus  genotypes
multiple metabolic enzyme

MLEE population  genetics

(genetic distance) 2



enzyme locci electromorphs
phenotypic techniques

! genotypic typing

Typing system Proportion of

Strains typeable
Plasmid  restriction Most
digest Al
REA Al
Ribotyping Al
PFGE Al
PCR restriction digest Al

Arbitrarily primed PCR Al
Nucleotide sequence
Analysis

2. Genotyping techniques

2.1 Plasmid analysis

Reproducibilit

Good
Good
Excellent
Excellent
Excellent
Good
Excellent

DNA

Discriminatory
power

Good
Good
Fair
Excellent
Good
Good
Excellent

mobile extrachromosomal elements

plasmid profiles

mobile genetic element (transposon)

DNA

Ease of
interpretation

Good
Poor
Good
Excellent
Excellent
Fair
Excellent

Ease of
Performance

Excellent
Excellent
Good
Good
Good
Good
Fair



virulence factors  pathogenic toxins, adhesins  invasins
Enterotoxingenic enteroinvasive E. coli isolate

1-2
supercoil (closed circle), nicked
(open circle) linear plasmid profiles
restriction enzymes electrophoresis (Size)
2.2 Restriction Endonuclease Analysis (REA) of chromosome DNA
Restriction endonuclease enzymes DNA
restriction fragments recognition sequence
enzymes DNA enzyme 6 bp
DNA restriction enzyme fragments enzyme
8bp recognition sequence guanine (G)  cytosine (C)
DNA low G + C content fragments
enzyme DNA high G + ¢ content ~ enzyme recognition
sequence thymine ()~ adenine (A)
DNA restriction enzyme fn agarose gel
electrophoresis patterns ethidium bromide
w REA  profiles DNA
sequence REA c. difficile
REA bands
profiles band unresolved
overlapping patterns ' genomic DNA

REA genotypic typing
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2.3 Southern blot analysis of RFLPS(Ribotping) 8
REA profiles ethidium
bromide fragment particular restriction
fragments specific chromosomal loci bacterial DNA
restriction enzyme (RE) rn - agarose gel electrophoresis  blot fragments
nitrocellulose nylone membrane fragments specific squences
(loci) labeled piece of homologous DNA (Probe)
probe (hybridzes) complementary base pair
fragment restriction fragment length
polymorphyism (RFLPY 2 loci  homologous  probe
restriction site loci
reproducibility discriminatory power
probe vanAyan B van

Ribotyping ribosomal operon ()
Ribotyping stable reproducibility
ribotype ribosomal  opérons &7 )
E.coli, KlebsiellalHaemophilus  Staphylococus Spp. ribotype pattern
10 - 15 bands discriminatory power ( 1)
ribotyping
genotyping

24 Necleotide Sequence Analysis'4
PCR - based sequence analysis bacterial rDNA
primer
ribosomal sequences
family, genus ~ species
point  mutation M.
tuberculosis Rifampin
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sequence locus isolates
Species
Genotypic  systems
]
25 PCR
PCR Subtype
component 1 copy DNA sequence (template)
05-200D (amplify)
e chain reaction DNA  polymerase thermocycle
products electrophoresis agarose
polyacrylamide gel
PCR flase positive
PCR

PCR

2.5.1 Restriction Digestion of PCR products
PCR products restriction endonuclease
restriction fragments polymorphisms electrophoresis
Cryptococus neoformans, . auareus

Helicobactor pylori
reproducibility discriminatory power
Species, loci  restriction enzymes

252 Rep - PCR (Repetitive chromosomal sequences PCR)
PCR primer short extragenic repetitive
sequences amplify sequences inter
repeat fragment



reproducibility discriminatory power
Citrobactor diversus

253 Arbitrary primed PCR
PCR  random amplified polymorphic DNA
primer ( 10 bp)
random site

2.6 PFGE (Pulsed Field Gel Electrophoresis)*@®72*

Schwartz ~ Cantor ..1984
REA frequent recognition site pattem
overlapping resolved restriction fragment
chromosomal  DNA genomic

DNA cell lysis restriction enzyme DNA
DNA fragment ( 5-20 fragments)
DNA fragment  agarose gel electrophoresis DNA fragment
25 kb agarose gel electrophoresis DNA
stable random
(<100kb) PFGE chromosomal DNA
stable agarose plugs enzyme  cell wall !
DNA electrophoresis

0el (pulse) DNA fragment



PFGE pattern (B>

PFGE patterns mutation 3
Dinsertion 2)Deletion 3) Rearrangement
mutation restrictipn site PFGE
patterns
band fragment
L Insertion L )
2. Deletion L )
3. Rearrangement
mutation restriction site PFGE patterns
TAean
band fragment
L Insertion ( )
2. Deletion |
3. Rearrangement
fragment
I type
2-6 fragment Subtype
discriminatory power Ecoli, p. aeruginosa M.
vium
' DNA insert  agarose buffer

enzyme gel 2-3



Typical no. of
No. of genetic " fragment dif-

differences  ferences com- Epidemiologic
Category compared with ~ pared with inpterpretati%n
outhreak strain outbreak
pattern
Indistinguishable 0 0 Isolate is part of the out-
break
Closely related 1 2-3 Isolate is probably part
of the outhreak
Possibly related ‘. 4-6 Isolate is possibly part of
the outbreak
Different >3 .7 Isolate is not part of the
outhreak

8 Criteria for interpreting PFGE pattern



(Person to Person)

( staff )
= 1
ward 1
2 (Animal to Person)
3. (Animal to Animal )

vertical transmission

salmonella horizontal transmisson
. Glycopeptice
VRE Bates
VRE raw sewage ( C

ribotyping 14



Vancomycin ' avopacin

VRE
1995 avopacin
VRE
selective pressure
VRE
VRE phenotype  Van A
. 1988
. 1986-1988 E faecium E
faecalis  E aUm
VRE
VRE . 1989
360 38
' 14
3 1989-1993 NNIS
VRE 0.3% 9% 1993  04%

38% 1993



. 2539
8 2539

(Avopacin)
(Chlortetracycline)
(Enramycin )
(Flavophospholipol)
(Lincomycin)
(Nitrovin)
(Oxytetracycline)
(Tylosin)
(Virginiamycin)
(Spiramycin)
(Zinc- Bacitracin)

(Nitrovin)

10
50
10

10
15
22
15
20
50
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