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The isolation of vancomycin resistant enterococci (VRE) was first reported in 1988
in the United Kingdom and France, and shortly thereafter, VRE were detected in
hospitals in the United States. Since then, VRE have emerged with unanticipated rapidity
and now encountered in most hospitals, especially in the United States. Drug resistant
bacteria are selectively increased by increasing use of antimicrobial agents. A major
factor that has contributed to the dissemination of VRE in the United States and Europe
is now evident. In the United States, it is likely that the excessive use of glycopeptide
antibiotics in the health care environment has resulted in the selective increase of VRE
in the human intestine, which has subsequently spread by nosocomial transmission. In
Europe, it is strongly suggested that the use of avoparcin as a growth promoter in
animal feed has resulted in the selective increase of VRE in the human community. In
both cases, the direct selective pressure of glycopeptides is the largest contributing factor
in the selective increase of VRE in different habitats. Besides the direct selective
pressure of antibiotics for increasing selectively in drug resistant bacteria, the genetic
transfer system of an organism is essential to the spread of drug resistance in the
organism.

VRE strains isolated from human (patients), animals and meats in Japan, Korea, and
Taiwan were analyzed. In case of Japan, VRE strains have been isolated from imported
chickens from the countries where avoparcin has been used in food animals. The most
of VanA type VRE isolates from Thai chickens showed VanB type phenotype that

exhibited high level vancomycin resistance and relatively low level teicoplanin
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resistance, and had three amino acid substitutions in the VanS gene of VanA type
determinants. The VRE strains showing the same characteristics as the VRE strains
isolated from the Thai chickens were frequently isolated from patients in Japan. Eighty
seven VRE strains, of which 56 were isolated from chicken feces and 31 were isolated
from hospital patients in Korea, were examined in the drug resistance and the plasmid.
The two plasmids, pSL1 of E. faecalis KVI and pSL2 of E. faecalis KV2, which were
isolated from patient and chicken feces, respectively, were the same pheromone

responsive plasmid which encodes VCM, GM, KM, SM and EM resistances. In
Taiwan, the pheromone responsive conjugative plasmids which encode VCM, EM and
BC (bacitracin) resistances were frequently isolated from both animals and patients
VanA type E. faecalis VRE. The VanA type strains showed the same characteristics

as the VRE strains isolated from Thai chickens in Japan.
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Topics

+ Introduction of the VRE

the mechanism of vancomycin resistance
(VCM") of enterococci

+ VRE from human and animals in Japan

+ VCM' plasmid from human and animal VRE
in Korea

« VRE from human and animals in Taiwan

Enterococci

» Gram positive cocci

» Normal resident flora in the animal and
human intestines

« Cause opportunistic infection to human

» Abundant in genetic exchange system
(conjugative plasmid, transposon, phage)
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Vancomycin resistant enterococci (VRE)
Glycopeptide resistant enterococci (GRE)

» Acquisition of specific resistance genes {van
genes)

*

Multiple drug resistance

*

E. faecium (80~90%), E. faecalis

*

Limited options for treatment of VRE infection

-

First isolation in UK and France (1988)

Rapid dissemination

Emergence and dissemination of
drug resistant bacteria (VRE)

+ Selection by use of the antibiotics

» Horizontal gene transfer by genetic exchange
systems

(acquired drug resistances:
vancomycin resistance genes)
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Usage of alycopeptides and increase of the
vancomycin resistant enterococci

. e Use of drug
Country Dissemination
of VRE Glycopeptides Purpose
EU countries  Environment Avoparcin Feeding
(Animals)
USA Hospitals Vancomycin (VCM) Medical

(Human) Teicoplanin (TEIC)

Usage of vancomycin in the United States, EU and Japan
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Isolation of VRE strains in the Michigan
Medical School hospital (US)

Isolation
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Potential interaction between community and health-care scttings
in the transmission of vancomycin resistant enterococci (VRE)
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Ban of avoparcin and decrease of VRE
isolation in animals in Netherland

Emerqgence and dissemination of
drug resistant bacteria

+ Selection by usage of antibiotics

» Horizontal gene transfer by genetic exchange
systems

(acquired drug resistances; vancomycin
resistance)
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Horizontal gene transfer by genetic
exchange systems in bacteria

+ Transformation

» Transduction by phage

« Conjugation by the conjugative plasmid

Origin of the drug resistance gene and
spread of the resistance gene

Horizontal transfer of the

Antiblotics-producing immunity factor for antibiotics The resistant gene
organisms {(antibiotics resistance gane) Is acquired by bactetia
> > > e e S L L 2

Long time? \
’ l

>
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by Spread by horizontal

Increase and dissemination

of drug resistant bacterfa gene transfer In bacteria
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The mechanism of vancomycin
resistance in enerococci

Glycopeptide

» Vancomycin (VCM), Teicoplanin (TEIC), Avoparcin
« Inhibition of peptidoglycan (cell wall) synthesis
+ Use to treat MRSA infection (used for feeding)
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Structure of cell wall peptidoglycan of Gram-positive bacterla

G G G G

VAR

3

/
2] M M M
VATWA A IVA
e x PLER xcxx‘ lé
/G P o S

/S

#4, N-acelyl muramic acid ; G, N-acstylghucosaming
a, L-alaning ; b, D-ghtamic acid; ¢, L-lysine; d, D-alanine
woiex, pentagiycine (S-glycine) bridge

glvcan chain

Pepﬁdog'ycan synthesis poptidogn monoiner

- 208 -



VSE PG monomer

Vancomycin

Peptidyl D-Ala*-D-Ala®

VRE PG monomer

Peptidyl D-Ala?-D-Lac®

Tvpe of vancomycin resistance gene

(genotype)

Gencotype VeM TEIC Location Expression Species
MIC MIC
imgl} (mgl}
vana 64-1000 18-512  Plasmid, Inducible E. faecaiis,
Chromosome E. faecium, ete
vans 41000 St Plasmid, Inducible E. faecaiis,
Chromosome E. 1aecium
vanc 232 =1 Chromosoma Constitutive, E. casseliffavus,
Inducibie E. galiinarum,
E. flavescens
vanD 64128 4464 Chromosome Constititive E. faecium
E. rattinosus
vang 18 0.5 ? inducible E. faecalis
vanG <16 «0.5 ? ? £, faecalis
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Vancomycin resistance operons

Vani

VanB

VanC

VanD

VanE

VanG

Peptideglvcan svnthesis pathway of VRE and VSE

VanH
pymvate = D.Lac+ D-Ala D-Ala + D-Ala
D-Ala-D-Lac D-Ala-D-Ala UDP-Tripeptide- D-Aln
+D-Ala

s UDP-Tripeptidde ——P
VanY

UDP-Tripeptide- D-Ala-D-Lac . UDP-Tripeptide- D-Alr-D-Ala

VRE VSE

e et e ]
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Expression of vancomycin resistance:
two component system

Sensor domain + Vancomycin

' ,
g ' ! Cell membrane

phosphorylation

Activated VanR €

Tanscriptignal activation
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Analysis of VRE strains isolated
from animals and human in Japan

The VanA-type VRE with low MIC to
TEI were isolated from the imported
chicken meats and human
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Isolation of VRE from patients
(human) in Japan
The isolation of VRE is increasing but not so much in Japan

Number of

patients 44 45

451 40
40+ 36 -
35} —
30+
25k 23
2o 1 Lo
NG
10F |
5 -
0

1595 2000 2001 2002 2003

Isolation of VanA-genotype VRE from
imported chicken meats in Japan

+ VanA-type VRE strains were isolated from the
imported chicken meats.

» The animals were from the countries where the
avoparcin have been used for feeding.

» Most of the VanA-type VRE strains (11/11; 100%)
from Thailand's chicken meats showed the low
MIC to TE| and had VanS mutantions.
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Isolation of VanA-type VRE from imported

chicken meats in Japan (1998-1999)

Countries

Use of

Samples

Avoparcin

Isolation

Thailand
France
Brazil

U.S.A.
China
Vietham

Yes
Yes
Yes

No
No
No

57
10
56

51
71
3

12/57 (21 %)

510 (50 %)
2156 { 4 %)
0/51 (0 %)
0/71 (0 %)
0/3 (0 %)

VRE isolated from humans and imported chickens in Japan
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Operon structure of the VanA-type resistance genes

Prototype VanA operon(E. faeciumBm4147)
e vt | Vs Sl vt ww =

VanA genotype with VanB phenotype operon (Thailand type)

3 amino aclids mutation in vans
L50V, ES4Q, Q69H

Van$ structure of the VanA-type (Thailand-type} VRE showing low MIC to TEIC
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VanA-type VRE sensitive to teicoplanin

» VanA-type VRE usually shows high-
resistance (high MIC) to both VCM and TEI.

+ VanA-type VRE with low MIC of TEI (similar
to VanB-phenotype) caused by VanS
mutations were isolated from Thailand’s

chicken meats.

Isolation of VRE in Japan {(a survey in 2002)

Sending a questionnaire 4,426

3,882 hospitals (19 ~1,500 beds)
544 Examination center (private)

Percentage of answer 1,778 (40.2 %)

Isclation of VRE 31 sites(1.7 %)

26 hospitals
5 Examination center
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Isolation of VRE: Prefecture and the humber of sites

™ Hospitals & Examination center
Site with many isolation of VRE
{ 6~27 Isolations)

Type of VRE isolated

VanA 14 sites (12 hospitals+2 )
vanB 15 sites (12 hospitals+3 )
VanA & VanB 1 site (1 hospital)
VanD 1 site (1 hospital)

total 31 sites (26 hospitals+5 )
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Type of VRE isolated from human

VanA 71 (55 %)

VanB 56 (44 %)

VanD 1 (1 %)
total 128 (100 %)

Species of VRE

E. faecalis 41 (48 %)

E. faecium 41 (48 %)

E. avium 3 (3.5%)

E. raffinosus 1 (1.1%)
total 86 (100 %)
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Analysis of the VanS mutations of VanA-type VRE from patients in Japan
Gase | Hospitals Species Zga 5 CMMIG( “g{"‘;)g = Mutations of VanS
16 IKL E faecium Vand 512 64 Prototyps
& TIH E faectur Vard 256 32 Frototype
21 Elaecium Vansy 128 1 150V, E54G, Q69H
Eavium VanA 258 05 L50V, ES4Q, §T0H
24 CRH Efoeciun Vand 1024 128 Prototype
25 Efaecivim Vars 1024 128 Pototype
55 KRH Efarcium VanA 1084 64 Frototype
56 Efsecium VanA 1024 32 Prototype
57 L foecium Yans 1024 126 Prototype
58 E faecium VandA 1084 256 Prutotype
59 ESsecium Vand 1024 32 Prototype
80 E faecium Vend 1024 128 FPrototyps
61 L fseciun Vand 1024 32 Prototype
151 OMH Etaecally Vana 512 4 L50V, E54Q, Q59H
15-2 E.Tarcalis Vand 512 4 L&0V, E54Q, Q68H
153 Efaecalis VanA §12 2 L50V, ES4Q, Q69H
78-1 ONH ELavcium Vana 512 30 Prototype
18-2 Etaecrun VanA 856 8 Prototype
79 SUH E Laecalis Vand 1024 8 LG50V, ES4Q, Q68H
115 FYH Efaecalis Van& 1024 256 Prototype
116 E foecalis Vanh 1024 256 Prototype
121 KCL ESarctun Vand 1024 1 L50V, ES4Q, G89H
122 £ faccalis VanA 1524 256 L50V, £54Q, Q85H
[T | ThotngvRe | Efeecalis |  Vana | 512 | [ | L50V,E5¢Q,Q60H |
L, leurins; ¥ valine; E, glutamic aid Q, glutamine; H, histid:u"J

Features of the VRE from patients
(human) in Japan

+ VanB-type VREs have been isolated more
frequently (44%) comparing to US and Europe.

« E. faecalis has been isolated more frequently
(48%) comparing to US and Europe.

« VanA-type VRE with low MIC of TEI that had
VanS-mutations identical to the Thailand'’s
chicken VRE were isolated frequently (about
30%)
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Analysis of VRE isolated from human
and animals in Japan

+ Most of the VanA-type VRE isolated from
the imported Thailand’s chicken meats
showed the low MIC of TE| caused by
VanS-mutations (Thailand-type VRE)

+ The same VCM' genes were disseminated
in VRE strains from patients (human)

Analysis of the vancomycin
resistant conjugative plasmid
isolated from human and animal
in Korea
The same vancomycin resistant

conjugative plasmid in both
human and animal
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VRE strains from Korea

+ 87 VRE strains isolated in Korea

56 strains from chicken feces

31 strains from patients

*

*

Two VanA-type VRE (#9. #128) from
different samples had the same plasmid.

Each of #9 VRE from a patient and #128 VRE
from chicken feces had vancomycin resistant
plasmid with the same restriction fragment profile.

Both VRE strains were VanA-type £. faecalls.
Both VCMr plasmids were conjugative.

Both plasmids had the same drug resistances.
VCNY, GM', KM!, SM', EMT
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Plasmid and PFGE profile of the #9 and #128 VRE

Plasmid PFGE

L FeoRI-digestion B Smal-digestion

—

The same VCM' plasmid in different VRE

The drug resistant conjugative plasmid pPV9
(VCMr, GMT, KM, SMF, EM7)
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Structure of the multiple drug resistant plasmid me\/Q

GM', KW

SMF, K, EMY

S
s,
\.
.

P =P —hp PP VOM

Analysis of the VCM' plasmid from Korean VRE

« The multiple drug resistant conjugative
plasmid might transmitted between human

and animals.
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Analysis of the VRE strains isolated
from human and animals in Taiwan

The dissemination of the same VanA-type
(Thailand-type) VCM' conjugative plasmids
among human and animals in Taiwan

VanA type Taiwan's VRE isolated from Human (40 strains)

) MIC {pgimi) MIC (pg/rd) X
Stran Qrign Specias van T Drug resistances Straun Specias wan Tei Drug resistanons
Tatle ¥ Eagime Tlanas 1338 ] +30 EATHCRID IR pe Tehisd 2254 3 AT ERTHOR NI
TiH2 Rt ) Trre2ls w238 .3 W EN THOR I MCp: THAS 2256 i3] A THERTLM L acn
Teriug AR Tlreckis 3% 3 S SO T M F OO Tl | ~3 84w THER TGO rHLR
TR e LASZIEN Y -l &F SMERTOIRI B2 TeHds 33 33 AT ERTHCR LG LY
TeHd Pus Fraens 355 3 <N BT SH B SHOps THNEY 2258 4 e THEATSR AN
ToH» Lound Fizwals 258 23 W ER TR ORI S s TH234 o236 34 AT ERTaIME Q@SR
Teruw? Wind Llyeas A% N WO BRI TR By TR 38 2w TN TGO R R L
ToHM Seound A2 < *$ W ER TN W Frhulit htt) 3 A TIERTIGR R R
TeR23 Berod ol =354 [ X1 N ER TR CR R SRy T-H287 -2 34 M THERTASA LA SR
TiH248 ¥t LX-T »258 1 O EN T B IE e ToHES ~25% i T ERTRIREO N
T Found F 222 551 A% $ A EATHIRE QA TN 324 B emTHERTHGA RN
Ty Ko AL e > 3 s EMTstERF sl TN ¢ «33 24 AN T EU T ST 4Py
TeHiss Ao Zlzecy a® 2 Y EA TSI DN I
TuHIEs “dgrand Tlesean 354 3 M ER T E R0 3
Teititf g Zlree < [ %] an 12 TaT £ B 4 4
TR Peotivd z, 2K L2 S ER Tt L 0 SR e
ToMT Lpasesy LS 2358 83 ANER TR R
Tefiy £ “35 LA v ELETsT 81 428
TR k4 -3 3 SHERTHOR RN
TS Aty 2 ~2%6 LES o EEETet) SR
T aaw x 2338 83 S ES TR LMy
TeHit AviNe) -2 18 L2 A0 ER Tt Tat
ToR223 Pood Tt 3% 2 < EM Tt
T4 £ pus 2lreens BTy 4 }:‘;‘55"7"’*”'“‘"":‘
e Elraeay 2 b 0 ER Ty
Do Tlamas 334 2 “ws ERETE) B 2RI
i Friawmaly >33 a e G YA B2
‘ Forecss 2% H 0 B Tatip:
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VanA type Talwan’'s VRE isolated from animals (30 strains)

) ! . MIC {pg/r) .
Strain Odgin Species Van Tel Drug resistanoes
Tiawl DR ERD W eat Firecxs EFE 4 ) ERTHLCLE LA SN $pe
Tihwi (SERIGTE T g Lo ¥ H S ER Yot 10
Ted w3y CHRE D Wt T.aM2s 228 4 M ERTIICRIGR PR R i
YA Chigkan meat InRwEs i3 t h ERTER
Tei Wi COREHD Mot 23¥ i TN ER TSR OH I
Tkt LHIE efy miat o8k i IR Nt WA SN
TiA 8T Dk enmest 338 ] YA ERMTACIE R LR ope
Teh¥d CORkan Ayt 2238 2 O ER T CH SR PR SN 4
T B¢ [P0 TR 238 4 WD ERTIRCR 11 S8 4t
T LhRhen et R + Van ERM TR R S 4
Tiaei) Clicken meat »13% L TR ER THECROR Y BB e
TeaL Chiky#n s aat rawals ~2% 2 o ER et GR K1 3 Sps
Wit Crdekan e sat EREs NS ) v BT
Tehind g xaw *R 3 W ER TSR KIS SR A
TR AR 2 ] e KR THECRE SR
Tea 22 LAkt 158 H Y ER THCIRI G N Spe Tp2
REEY -3 [ R 1333 4 T ER TR EQ &pe
Te2 123 Py wamw P23 ] T TR Cp
Toz it g sase ~286 ) S TR TetCME R SR e
Tra s Ay eaw 33 4+ T B TR M ¢ (pe
Takt Crichan Ratne 236 4 T ER TSGR A <ps
T-a161 CORESD W ety i ] N ER THE RS CM 2
T34 Shk o feati 38 H Y BN Tett 81500
Toa 4 Lk Bathe 286 H wan TetC RS2 Zpx
Tia6e ORI Wl 5 .3 S THITER Y B Ipe Cpe
Teike Chkhan Rt k234 ¥ YT CRER SR Cpy
TiAK? Chichn wavue k344 ] Y THCR Py
Tod k4 LYeCHn % viwg »24¢ ] v Tet OB B Cps
{28 24 CHI RN W SN “458 3 T THORORNER SROpe
TRy Clisran R L&z 20 238¢ 1 AanTCREacp:

Taiwan's VanA genotype VRE isolated from human (40 strains)

Species Van phenotype Strain (%)
E. faecalis VanA (Van Tei) 130 (2.5%)
VanB {Van) 2240 (55.0%)
E. faecium Vana {(Van Tel} 1130 27.5%}
YanB {van) 640 {15.0%)
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Taiwan's VanA genotype VRE isolated from animals (30 strains)

Species van Type Isolates(3$)

E. faecalis VanB (Van} 3030 (100%)

VanA genotype with VanB phenotype VRE isolated from human
Pulsed Field agarose Gel Electrophoresis (PFGE)

TVH T™VH TYH
A 201202 20020405208 207208 A 200 21 A3 NB2T 29220 A 2N 22 RVANRB2H2N 228
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VanA genotype with VanB phenotype VRE from animals
Pulsed Field agarose Gel Electrophoresis (PFGE)

VA TvA VA TYA
4 101102 103 104 105906 107408 1 103 110 111 112 118 4119 1 121 132 123 124 125 125 152 153 X 134 153 150 162 163 164 167 163

WO eour W o AW s A o

-

L od

o

-

bod
i
\n

»
*

Chicken meat Pig waste Chicken feather

Transfer of the vancomycin resistance of VanA type

VRE (E. faecalis) isolated from human

Transfer frequencies (per donorin broth mating)
Strain Transferability(%)

Wild type - E. faecalis FAZ-2 FA2.2 £ faecalis JH2SS

23 22123 (95.7%) 105 ~103 104~103

———— ——
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———

Transfer of the vancomycin resistance of VanA type
VRE (E. fagcium) isolated from human

Transfer frequencies (per donor in filter mating)

Strain Transferability(%)
Wild type-» E. faecium BMRF FA2.2 »E. faecium BMSS

17 OM7 (0%) <107 <107

Transfer of the vancomycin resistance of VanA type

VRE {E. faecalis) isolated from animals

Transfer frequencies (per donor in broth mating)
Strain Transferabirity (%)

Wild type -p E. faecalis FA2-2 FA2-2 »E. faecalis JHZSS

30 20130 {66.7%) 105~10? 10-4~103
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Agarose gel electrophoresis {EcoRI digestion) of
the vancomycin resistant conjugative plasmids
isolated from human VanA type VRE (E. faecalis)

TVH

Agarose gel electrophoresis {EcoRlI digestion) of
the vancomycin resistant conjugative plasmids
isolated from animal VanA type VRE (E. faecalis)

Chickens meat Pig waste ChickenTeather
A B B B B ABA AAB
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Comparison of the VanA type vancomycin resistant conjugative
plasmids Isolated from animals and human VRE (E. faecalis)

{EcoRI-digested plasmids on the agarose gel electrophoresis)

Group A Group B

lambxds  Huran And mat Human Ani ot lambda
DNA TVHI0S 246 TVA102 152 B3 TVH24 207 TVA148 025 153 BRA

Operon structure of the VanA type resistance genes

Prototype VanA operon(E. faecium BM4147)
o o

VanA genotype with VanB phenotype operon (Thailand type)

3 amino acids mutation in Van$
LS50V, E54Q, Q6SH
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Two vancomycin resistant (Thailand type Vand)
conjugative plasmids isolated from animals and
human VRE(E faecalis) in Taiwan

Orow  Stin Ovigins o e =¥} VoS sstations
T™E®S Harrn e ) P LSOV, E590, Qe
™EIS Harmn siz s 2956< LSO, E5AR, 0B

A TVALR Ao e 4 56< 150 E540, GR9H
VAR Anired sz 4 296< LSOV, E540, 06
TVASR Avirnl stz 4 6 L0V ES40, 06U
TVAISE Snirel sz . 206¢ LSOV, £540, Q69M
VAR Soirat sz ] 29%6< LSO E540, Q59
T™EX Humn sz s = 150V, £540, GooH
™™err Harman 512 s =% 150V E540, O8I
] VAL Anierad sz 4 % 50V, E540, 0B
TVMLS snirei e . =6 LS50V E540, QA
TVALe Snvrat s 4 5% LEOY E540, Qoo
TVALS Sniowd = “ 56¢ L50Y ES40, Qoo
TVMST Aol 512 . 56¢ LSOV, 540, 06

Pheromone-responsive plasmids
which transferred at a high frequency

(pheromones; cAD1, cOB1, ¢PD1, ¢cCF10, cAM373)
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Secretion of pheromones from E. faecalis recipient strains
and the response of E. faecalis donor strains to the pheromone

Donor Recipient
jr N X,,im ~-Z

/"/ ~~~~~~ emmsres 4——4{ R ol
Plasmid \ 7
| TN

Secretion of pheromones

mating aggregate and
plasmid transfer

Pheromone responsive conjugative VCIM plasmids from animals and human
(cAD1. cOB1. ¢cPD1. ¢cCF10, CAM373)

Animals Human

Stains Preromore Strains Preromre
TVA101 other TVH201 cAD1
TVA102 cOB1 TVH202 cAD1
TVA103 OBl TVH203 othet
x::g; c;:t:: TWH204 other

oth
- TVH205 ADt
TVAT11 c0B1 TVH206 f)lhel
TVA112 caD1 TVH207 other
TVA118 cAD1 TVH208 other
TVA119 other TVH209 cAD1
VA1 cADd TVH211 <OBY
TVA12S cAb TVHZ13 cOB1
TVA126 cAD1 TVHZ 18 cAD1
TVA152 cAD1 TVH217 cAD1
TVA153 cAD1 TVH219 cOB1
TVA158 ¢AD1 TVH220 cAD1
TVATISG cOB1 TVH221 cOBY
Tva162 cAD1 TVH222 ottier
TVA153 cAD1 TWH224 <cADA
TVAL67 cADY TVH225 cADH
TVA1EQ othet TVH228 CADT
TVH227 cAD1 }

cOB1

TVH228

S |
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Vancomycin resistant pheromone-responsive (cOB1) conjugative
plasmids pTW11 isolated from Taiwan VRE (£ faecalis)

Analysis of the VRE isolated from human
and animals in Taiwan

» Multiple dug resistant (VCM', EM", BC)
pheromone-responsive conjugative
plasmids were disseminated in VanA-type
(Thailand-type) VRE (E. faecalis) strains
from human and animals in Taiwan.
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Conclusion

The correlation between use of the antibiotic
agents and spread (increase) of the drug
resistant bacteria has been suggested. In
case of VRE, the relation was very clear and
VRE increased where the glycopeptide have
been used. Beside by the selective pressure
of the drug, the VCM' genes were rapidly
disseminated among enterococci by the
genetic exchange systems such as conjugative
plasmids encoding multiple drug resistances.
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