3 %L 1 DOH97-DC-1203

FRERELFARE N AL L ERPHTT R

).L
¥

ep B4 ERERAS FERE GRS

nosocomial bacteria in Taiwan

Molecular characterization and epidemiology of multidrug resistant

REWH AR AR RFLFAL
PRAFEL P RE

Fp AR CHMIFIF S F S \
HEPF97ETP 1 pTI97T#E127 31 F

X AE L TRLY 2 R A FELF AR 4R

LR S




ESR]

B &r

- e

S

CORERE £

(=) #* 2

~ A2

(- ) #3

11

15

15

20

21

24



-~ BE
(=) "~ 48

P ERE R 1;\)]354 v "*1/‘_4)%‘3{?{’}?53‘4 vE X AP 24k ’ﬁwifg'ﬁ’;#i%?«‘)%f'ﬁ’
Pk F oo sl p R R 2 wFE Y AIEMEF 2 P ERE R HRELF
TIATRAE AT T 220 1998 & T E i 7 U 5 F B 1 TRt & (Taiwan
Surveillance of Antimicrobial Resistance, TSAR) > # & £i&{7—- =t » 1 4 ¢ =7 # >
ERIF R 5 RF D Fo 2R DRR A §IRE F) o T HAERLER
FI2RBERE > AFAREFROHE L2 B RFRAPF AR RT3 22— ot
A e &R 2 FREBFIZ A F IR ERE T A IRERRRL E

B3-E i TSAR 5 - 1 % 7 #(1998- 2006)\ e B 4w A T AT
U2 AT RARELFY > £ &S B4 P % 2 TSART(1998)-V (2006)1 #
PR ERFER R S B FE LF 9 S I R (extended spectrum B-lactam
non-susceptible Escherichia coli and Klebsiella pneumoniae - #§ # ESC-NS E. coli #
ESC-NS K. pneumoniae) > 3 % 784 £ ESBL » 78¢ §_AmpC » 2 # ESBL 2 AmpC o
FHTF) > ¥i2(7 PFGE » 47 » 13 4 % ¥ IR 2 Ap B AL §4I 7 % TSARV
i i 3 F 7 E £% 7§ § 3k F)(Methicillin resistant Staphylococcus aureus,
MRSA)® g Fth > 8 FIRF AT 2 A+ R FREFE -

ke E.coli 2 K. pneumoniae 2 & P AE i 4 > & 7 HAR L PRk
cefotaxime (E. coli: 2000 # -6.1%, 2006 & -22.7%; K. pneumoniae: 2000 & -17.6% 2006 #
-30.8%), cephamycin cefoxitin (E. coli: 2000 & -6.1%, 2006 & -33.3%; K. pneumoniae:
2000 # -5.9% 2006 & -32.3%) (p <0.01)- 4%, = %+ 100 = ESC-NS E. coli 2 135 % ESC-NS
K. pneumoniae it {7 extended spectrum B-lactamase (ESBL) % AmpC F A R L AL T
(blaESBL %2 blaAmpC)i#]3# = A 4 ESBL 2 it 1998 & Fug E. coli 2 8.6% » i ik
2006 # 2. 16.7%- Ir $k 510 2 2 ESBL 2 fF] ik 1998 £ o K. pneumoniae 2 23.8% »
e ik 2006 # 2. 31.3% - L Z A F1* 5 > 44 3R E. coli % 7 bIaESBL > 5 tk 5 Dblaguy type
(SHV-5-like), 34 4k % blaCTX M’ 5 k% F blasuy 2 blactxm (12 $k CTX-M group I 2 27
& CTX-M group IV) ; £ 3 114 & K. pneumoniae # 7 bIaESBL > 42 tk % blasuv.s,i2-iike,
57 tk % blacrxmtype 14 ﬁap blagiy 2 blacrxm (35 & CTX-M group I 2 36 & CTX-M
groupIV) o — £ 3 68tk E.coli # 7 blaAmpC - 57 +k&_blacmy-2, 1 #x &_blacmy-4 > 1
&3 blapua % blacwy2 © B P4 5 blaESBL 2 blaAmpC HE.coli 5 12tk o — £ 7
36 t& K. pneumoniae # bIaAmpC’35 R E_blappa-1’ 1 #% 5 blacmy-2> I FF# 3 blaESBL
% blaAmpC 2 K. pneumoniae 3 21 & °

% 3 F] blaESBL %2 blaAmpC #7 ik et 5 & ESC-NS 2. E. coli 2 K. pneumoniae



i'Ei%°1%83E5MM$BL%6W66ﬂ®LI%ONSEcmii 88.2% (15/17)2
ESC-NS K. pneumoniae » # blaAmpC R/ & 2 3 - % 2006 & » blaESBL i 26.9% (7/26)
2. ESC-NS E. coli % 38.7% (12/31)2. ESC-NS K. pneumoniae - 77 ##:77blaAmpC ik
73.1%2 ESC-NSE.coli 2 51.6%z ESC-NS K. pneumoniae - I F¥7# 3 blaESBL %
blaAmpC 2. f] 7 1% & 3 4v o ig ikt FLBE L Fleiafif 4o 2 22§ ﬂ,\r,f, : E. coli 2 K. pneumoniae
AR L e M ARg 2 cephamycin L% 123 4v 2 ] F] o PR B R A2 (pulsed field gel
electrophoresis, PFGE )% % &1 » iz% g ESC-NSE. CO|I % ESC-NS K. pneumoniae

L EEEA I AT AR 0 R CES R £ - RF R SF R e g
R B RE R A ) B A T AT P AREES A S

#p & i MRSA B+ % B>t e B ¥ > 2006 2 Fag MRSA 77 &~ Gw i & #7%
(pulsotypes) » % 7 51 $k A" 64.7% [pulsotype A (SCCmec I11:ST239/241) (33 )],
9.8% [pulsotype B(SCCmec IV:ST59 > 5 )], 2.0% [pulsotype C(SCCmec V:ST59 (1 tx) »
% 19.6% [pulsotype D(SCCmec II:STS) (10 tk)] - 522 w I +* & > pulsotype A 7 A &f
Fb (1998 & 2- 93.7% 0 0 3 2006 2. 64.7%, p <0.001) - F FF pulsotype D £_2000
£2.26% &«Ei\g dv 3 2004 & 2. 20.4%> #2006 & 7% adF A 19.6% - F]ig 4 pulsotype
2 FARE 0 2 A% 5 PR A R o pulsotype A #f ciprofloxacin (CIP) ~ gentamicin(GEN)
tetracycline * trlmethoprlm/sulfamethoxazole (SXT)A -~ > E $ufd > pulsotype D B > ¥
CIP 2 GEN E $ul > = 8274 pulsotype B 2 C 2_ & M4 ik S (CIP/SXT $r #uid) » ie
pulsotype C & PVL & (£ %]+ > izt £ & ¢ B A }%ﬁ&é‘ 14 % ,r)%‘g:a‘&

PRETHET  RERLIB B R PR RERURCREATIAT R
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Background and Purpose
Bacterial pathogens causing nosocomial infections have the highest rates of antimicrobial

resistance, and are resistant to multiple classes of antibiotics, which compromise treatment
options and outcome. Strategies for the control of multidrug resistant bacteria require
understanding of the mechanisms of resistance and local epidemiology within a region. This
project utilized nosocomial isolates collected in the 5 rounds of the Taiwan Surveillance of
Antimicrobial Resistance (TSAR) project. TSAR was implemented in 1998 and is
conducted every 2 years. Between 21 to 44 hospitals participated in each round of TSAR.
This year we studied nosocomial isolates of extended spectrum B-lactam non-susceptible
Escherichia coli and Klebsiella pneumoniae from all 5 rounds of TSAR. Methicillin
resistant Staphylococcus aureus (MRSA) from TSAR V (2006) were also studied and
compared to those from previous years. Phenotypic and molecular characterizations were

performed to investigate the mechanisms of resistance and determine clonal relatedness.

Methods

Nosocomial E. coli and K. pneumoniae having aztreonam, cefotaxime, or ceftazidime
minimum inhibitory concentrations > 1 ¢ g/ml were subjected to extended spectrum
B-lactamase (ESBL) confirmatory test and AmpC B-lactamase detection by modified Hodge
test, Disk Potentiation test and Double Disc Synergy test. Multiplex PCR was used to detect
the genes encoding ESBL (SHV, TEM, CTX-M type and others), and plasmid-mediated
class C AmpC B-lactamases (DHA, CMY, and other types). The genes detected were
confirmed by DNA sequencing. For MRSA, multiplex PCR was also used to determine the
types of staphylococcus cassette chromosome mec (SCCmec), the element responsible for
methicillin resistance and its mobilization. The presence of Panton-Valentine leukocidin
(PVL) toxin genes in MRSA was determined by PCR. Multilocus sequence typing (MLST)
(by PCR and DNA sequencing) was performed on selected representative pulsotype strains
to determine their sequence type (ST). Pulsed Field Gel Electrophoresis (PFGE) was used to

determine strain relatedness for all organisms and to look for clonal spread.

Results
Significant increase in resistance to B-lactams was observed in nosocomial E. coli and K.

pneumoniae including resistance to cefotaxime (from 6.1% in 2000 to 22.7% in 2006 in E.
coli and from 17.6% in 2000 to 30.8% in 2006 in K. pneumoniae), and cephamycin
cefoxitin (from 6.1% in 2000 to 33.3% in 2006 in E. coli, from 5.9% in 2000 to 32.3% in
2006 in K. pneumoniae, p <0.01). A total of 100 E. coli and 135 K. pneumoniae were
subjected to phenotypic and molecular studies, of which 44 E. coli and 114 K. pneumoniae

isolates were positive by ESBL-confirmatory test. The ESBL-positive rates increased from
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8.6% in 1998 to 16.7% in 2006 (p >0.05) in E. coli, and from 23.8% in 1998 to 31.3% in
2006 (p >0.05) in K. pneumoniae.

Genes encoding ESBL (blaESBL) were detected in 44 E. coli isolates, including 5 with
blaspyy type (SHV-5-like), 34 with blacrx.m, and 5 with both blasyy and blactxm (12
CTX-M group I and 27 CTX-M group 1V). In K. pneumoniae, blaESBL was detected in 114
isolates, including 42 with blasyv.s 12-1ike, 57 With blacTx.m type, and 14 isolates that carried
both blasyy and blactxm (35 CTX-M group I and 36 CTX-M group IV). Genes encoding
class C AmpC B-lactamse (blaAmpC) was detected in 68 E. coli isolates, 57 of which were
blacmy-, 1 was blacwmy.s, and 1 harbored both blapya_; and blacyy.,. Co-carriage of
blaESBL and blaAmpC was found in 12 E. coli isolates. A total of 36 K. pneumoniae
isolates were positive for blaAmpC (35 had blapya.; and 1 had blacymy.;). Co-carriage of
blaESBL and blaAmpC was found in 21 K. pneumoniae isolates.

The proportions of isolates carrying genes encoding ESBL and AmpC in extended
spectrum B-lactam non-susceptible (ESC-NS) nosocomial E. coli and K. pneumoniae
changed over the years. In 1998, isolates carrying blaESBL comprised 60% (6/10) of
ESC-NS E. coli and 88.2% (15/17) of ESC-NS K. pneumoniae and no AmpC was detected in
either species. In 2006, isolates carrying blaESBL comprised 26.9% (7/26) of ESC-NS E. coli
and 38.7% (12/31) of ESC-NS K. pneumoniae while AmpC was detected in 73.1% of
ESC-NS E. coli and 51.6% of ESC-NS K. pneumoniae. The increase in resistance to
extended spectrum cephalosporins and cephamycin correlated with the increase in both
ESBL producers and AmpC producers. No predominate clone or inter-hospital clonal
dissemination was found based on PFGE of all ESC-NS E. coli and K. pneumoniae isolates.
However, a few strains from the same hospital within the same year had identical PFGE

patterns, indicating some intra-hospital spread may have occurred.

Among the 51 nosocomial MRSA isolates from 2006, 64.7% (33), 9.8% (5), 2.0% (1),
and 19.6% (10) belong to pulsotypes A, B, C, and D, respectively. Compared to nosocomial
MRSA isolates from the previous 4 rounds of TSAR (1998-2004), there was significant
decrease in pulsotype A (SCCmec II1:ST239/241) with concurrent emergence and increase
of pulsotype D (SCCmec II:ST5). The proportion of pulsotype A MRSA decreased from
93.7% in 1998 to 64.7% in 2006 (p <0.001). Pulsotype D increased from 2.6% in 2000 to
20.4% in 2004, and remained at similar level in TSAR V. Both pulsotypes A and D are
resistant to ciprofloxacin, but pulsotype D is susceptible to tetracycline and
trimethoprim/sulfamethoxazole (SXT), both are common in different countries. Pulsotypes
B (SCCmec:ST59) and C (SCCmec V:ST59) are not common in other countries but are the

predominant community MRSA strain in Taiwan. They are susceptible to ciprofloxacin and



SXT but pulsotype C isolates carry the virulent PVL toxin gene so may cause more severe
infections in susceptible hosts. The change in MRSA epidemiology may impact treatment

strategies since these clonatypes have distinct resistance and toxin profiles.

Conclusions
The increase in resistance to extended spectrum B-lactams in E. coli and K. pneumoniae

correlates with increasing ESBL and AmpC producers, which likely resulted form
dissemination of resistance determinants between bacteria and not due to clonal spread.
CTX-M type ESBL is prevalent and DHA-1 and CMY type AmpC are increasing. The
increase in isolates with genes encoding both AmpC and ESBL is another concern since
these genes are likely carried on transferable plasmids. In contrast, MRSA strains in Taiwan
hospitals are highly clonal. Although the most multidrug resistant pulsotype A (SCCmec
[I1:ST239/241) remained the predominant MRS A clonatype in nosocomial infections in
Taiwan, another clone pulsotype D (SCCmec II:ST5) is increasing. In addition, community
strain MRSA [pulsotype B (SCCmec IV:ST59) and pulsotype C (SCCmec V:ST59)] have
also emerged in the hospitals. The risk factors, disease spectrum and treatment outcomes of
different clonatypes warrant further studies since their resistance and toxin profiles differ.
Strategies to control the rising antimicrobial resistance should include antibiotic stewardship
to prevent polyclonal expansion of resistance determinants and enforcement of infection

control measures to prevent the spread of resistant clones.

Key Words: Nosocomial infection, methicillin resistant Staphylococcus aureus (MRSA),
extended-spectrum /3 -lactamase (ESBL), AmpC /5 -lactamase, extended-spectrum [ -lactam

resistant Escherichia coli, extended-spectrum 3 -lactam resistant Klebsiella pneumoniae
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it 3 BB wiF AL EREFF TE KA L RFEH 0 S
4ot [2,11,12,17,36] 0 o i 2 B - 232 o A 1818,25,26,31,34] - ;ﬁ W»z,
—’IL:}m..-E—‘]m o B OATE 7 i gP?‘7 [SRE S~ X Afap 24k MBS 3F S Tﬁ}%‘
'fr-}l%ﬁ © = %[16,19,29] > # ‘74‘:/#-}}% 2HRMpEARE R EEEH g 4 E S
Fpdbgz g ol o R P ot 2o LERwFALERPLRA
(selective pressure) ™ A& 4 f& 42 3 & R 7] > ?51‘* ER  JL e ‘sﬂ#m F i
'**7#“‘“%‘3%’r%#mf?ﬁ’ﬁﬁﬁép??hiﬁ?‘" IR R PV L RPAA
WEE AR FRAEEREAT] A TR EREN T S R R —’ILm w7 7
ERERAS s XAFFRFIRLCE L LR LU A2 AP ET
ERPEF R EM L@ (ot g R g ) 2 QAR ARy o 30
BAp A RPFREE S EREAR A 26 -

o

’ﬁ*%mﬁ?ﬁxim%ﬁ% RinFps AF AR F R OHE L2 BB aiF 5y
RFZ G FE2 - o FREEABERZ - HHICE AL o VR B ERATITRE 2
AR FLE A2 A S R RE > TS HRERF L fE R RFEL
TR AT Tt 1998 £ TR haie (7 [ s 4B T P13 4 (Taiwan
Surveillance of Antimicrobial Resistance, TSAR) ;> & & #£:8(7— =t » T p[¥ % 2 54
?a kR 213 44 H%‘f" R ?\:i}"?&f’bd ﬁ\i)ﬁif N %*g)}%%a [al=t3 )]'%\54 A
R m[;][u] @ 23T TSAR FHET » S BwFL FERENLT ®
LaFrp oo F"’ -)]%4 ¢ [3,14,15,20] o 2t fd 7 PEFH:JKFM%M:WW
FLEH > B 51%\1%11\}’\' Al F i B L B E 0 B 5] k3> TSAR 'V (2006) ¢ 427
FH#E4&F ¢ § § 5 B (Methicillin Resistant Staphylococcus aureus; 2 = ff #i
MRSA)iE e 5 H A 2% 9 G2 3% BFRELRHA? £3 ¢ § § 1%
B2 4% @l Atp B A2 £ 4 F F A Y 0 MRSA et & o 3 i 76% ¢

F

TSARZ FH2 P 27 8T  RPRAERT LZRpPRE L2 9F 25 FH
(Escherichia coli) ~ 5. & ¢ = % X 1% f7(Klebsiella pneumoniae) ~ % %k 1% g (Pseudomonas
aeruginosa) ~ # =< 7 ¥ 1% ] (Acinetobacter baumannii)~ £ % ¢ # % 7k j7)(Staphylococcus

-

aureus) ~ % % 1% F](Enterococcus spp.) © iz P 0 X MR L piEg Bt S
B FE @ 9 X% LR F(extended spectrum B-lactam resistant E. coli & K.
pneumoniae) ~ ¥t carbapenem (imipenem or meropenem) % Fufd ek Ik 4% F 2 fe S 3 B {5
%ﬁ(carbapenem resistant P. aeruginosa and A. baumannii) ~ 7 ¥ ¥ 5 & L g §
5 I F(MRSA) ~ 2 ¥ 8 + #F & it 2 % 7k 7 (Vancomycin remstant E. faecalis %

E. faecmm)x € e M A £ [2,12,20] -



FERZERH e 22 2 P12 2%t 2o p iz mES R
T R IR TR PG SR L p P R
F & LB R T A AR ¢ MR T (plasmid) b 0 A - B FTR
TREA T ¥ § L FBE ATV 5 A =3 (transposon)t v = F T A
B dppiE k@i AT, ¥ ob- 24 q‘;i »~ 3 (integron) ek F] » P ¥ 2R b k e 4
B FlE O AR M o e AT ER S ERFEFZ AL RF[I3,18] HA LI
o fipd B R AETEMZE B U2 B4R LG 9 L A 4% F(extended spectrum
B-lactam resistant and reduced susceptible E. coli and K. pneumoniae)z_ i & ji& 4] 5 &
4 & fEpEE o 2P F R ¥ (plasmid-mediated) 2. B Lt e p fis g fF(extended-spectrum
B-lactamase; ESBL)%2 AmpCz P figs f#(AmpC B-lactamase )& ¥ + & < » Fligdt o £
Tl F 5307 B FF @R o 2 42 ESBL(ESBL producer)2. =~ % &% w F L Ffd
(Enterobacteriaceae) » & ESBL 3+ % 4% 2 7§ ¢ = % X 4% F(ESBL producing E. coli
& K. pneumoniae) ¥+ #7 # # & 4 ~ FF 3¢ + FF %7 % aztreonamid F I R > i
e P fgg fEdrd| @ (B-lactamase inhibitor)Fr4] » PN fbg 4o P fieg frdrd @ & &
# (B-lactam/B-lactamase inhibitor combination)& #% 4 [8,13,18,26] -

R g R
‘-1—
=
Nt
=\

AmpC B-lactamase ",% THR RERI T RRAERL R RE e )R pERRA
(B-lactamase inhibitor) ™ £ Fifd » & 7 — = HHH7F {8 MEFIZ F B F 54 £ aztreonam £
[12] - F1% # ESBLZ AmpC B-lactamase2. FT#8 + < 5 e pad 3 H s B A 7> gl
TR ERE R R ¥ 24 % rtcarbapenem #Fd M Koy o REP ¢ G F I
R ¥tcarbapenemj R E (2 iht R F[17] > ior £ FF o PORTEFE F o AP
TR RS F AT L T2 FREPN G FFLESBLE AmpC 6 B-lactamase 3% e
- 1 F 48 2. K. pneumoniae [4]> iz B FAEF PF L 5 0 A H i 2tB-lactamin s £ 2 & A
Flo ptob > Fl A AmpCeity tié FESBLZ LA 2 32 5 B > SRR B ETE * #
EHE A - B A% o Fl i ESBLIRAmpCH féB-lactamasez 12 % 1% p & (substrate
profile) ¢ 7 £ R ' ¢ RS ¥ B2 ER T D FEA B2 RS EL )L
e o At TRk FER Y BLAh- £ & BA[13,26]

£% ¢ § 37 A" H methicillin § #% 14 (methicillin-resistant S. aureus, MRSA) 2
AARGEF I EHAEE - BBBEDRATFFE o L5 staphylococcal cassette
chromosome mec (SCCmec) » # %} methicillin 2 4 $14[10] - MRSA ¥ Wi - 6% 5
-lactam #F4Ld F 2 M AP gRE Mg 0 %3 MRSA # §-lactam 242 & B 2
Byl & perd FHRENE B3 RAHLE £ o B < 5 MRSA H# 3 2R
Alactam #Fz_Fid Z T E BN 5 & S A FHEErERE) e B E o~ L kE R E
(clindamycin) ~ #& £k fF 4 % (4= gentamicin) ~ & i+ & R 47 (4o ciprofloxacin) ~ % 4 = & i
#2110 @ 52 MRSA ## 4 % (3] /o5 BeE MRSA | % & e & * 0l S
4 % 58 v %% (vancomycin) > LiT& Kk p A ~ £ R®ZE H U W RE F I vancomycin



FER RN BN DE3033] ST BEREFL[S]

1990 # < pF » MRSA %% F 19?]?'\?5}%‘%#1‘%51%\11 Fegp A Fep g F 2 1B AR & 3
e T ERFIRTS FRARRFZBRGH 2 ERTRNFL > 4o F N AR
PR CERPASHEME L F P T A FRE 43{ MEREABRZFA S TLE
% R v F] (risk factors) > ¢ Zop A F R IEM L 0 E IR 0 TR
hospital-acquired 2 community-acquired # f- H-MRSA 2 C-MRSA = 4t hospital-onset
% community-onset ¢ hospital-associated % commumty -associated #7B~ % - H-MRSA %
C-MRSA 2. £ A2 A F A5 3F 5408 2 ee TP o 5 0k 0 3% 5 2 8 B2 H-MRSA
% Z SCCmec types IT 2« IIT > @ C-MRSA P+ % & SCCmec type IV - C-MRSA #} } it
2_2#t B -lactam #4i2t % > £ H n\mproﬂoxacm 3 SXT» fam 2 o ¥ C-MRSA §2
H-MRSA P 23 7 2 i 2 4 3 13+ > C-MRSA + % %4 3 PVL(Panton-Valentine
leukocidin)# % - PVL & - s B3kv L 32 4 %2> a4 2 3 PVL # 2 MRSA FQ 2
SV SR R LY S ER%4 I BKER AT © 7 B k(necrotlzmg pneumonia) > # I
7= ot 2 AL F)A) 2. MRSA $2 B-lactam 3ot 22 FREM TP A F oo fBA
T A T R R AR e o

PRV AR EATIE R UE A T *%&mﬁﬁﬁﬂm ALt o AT
“ti¢ % 2. TSAR Ff82 A F1 5 5|77 #ik & A 44— > ﬁ@?ﬂ AT TR & D
i&ﬂﬁﬁﬁﬁiffi’uﬁafﬁi%%@ﬁ LEEREE L A

B F R A s R R g
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(=) #H#Ler 3 ;2 (Materials and Methods)

FLEE:

U TR Bl i e e A R 2R § é‘#m%ﬁ;
% - 1 %7 ¥ TSAR (TSARI—V)c‘ WAL e p b ERER DS EFE L
@ v 9% I % fF(extended spectrum B-lactam nonsusceptible Escherichia coli and
Klebsiella pneumoniae ) » ¥ 4 % 7 #f TSAR (TSAR V)sr4a® § ¥ 7% &+ ¢
# % I F)(Methicillin resistant Staphylococcus aureus, fj # MRSA) -

R A

WAL P ARg EFF O B FE LT 0 % L F(ff AL ESB-R E. coli
% ESB-R K. pneumoniae )& 4 » # 7 ¢ P figi g4 73] % ESBL 2 AmpC
B-lactamase Fk F]2_ Bl3& ~ I ¢ * "% @ T 7 # (Pulsed-Field Gel Electrophoresis >
42 PFGE)# & 78 40 M 12« MRSA 2 #7 % Pl ¢ § PFGE ~ % A 515 7] & 472
(Multi Locus Sequence Typing, MLST) ~ $= methlclllin 7% F] % SCCmec
(Staphylococcus Cassette Chromosome mec)?| 4 #f ~ % Panton-Valentine leukocidin
(PVL) toxin gene B|:# » ¥ &2 iF34 HAI-MRSA }f BB E AT

I). 3% B|i& (Antimicrobial susceptibility test). & p|:&% Gi i¢ * % & Clinical and

Laboratory Standards Institute (CLSI)2. microbroth dilution = j [7]iR]:# F R ¥ 7
P42 % 2 ) Fr4]k & (Minimum inhibitory concentration » f§ £ MIC) % 23§
B puagtt o r e * Btest RIRF e Fail 8 ¢ I F¥ - Lt F 2 fatid o

Il). z p fEg fF & 34 pl3#(B-lactamase phenotypic detection).

)

SR FRE LT 8 A LAY 0 el ceftazidime, cefotaxime, ¢ aztreonam f
4 2 MIC + 3t & 53t 2 pg/ml > P 5 5% &_ESBL-producer » #4334 & 2 ¥ F
¢ & 2 ESBL “H(ESBL confirmatory test) o iz % 7 #a AmpC # RA|3E% > 11k
BIFREFE F class C B-lactamases 475 % °

i. ESBL confirmatory test (Z 2 ESBL F2 #x TR|:#)[7] + #-1fst £ ESBL 2 Fit_

BA 1824 [ A P35S BARFAEI SR L AFFARERLO0S
McFarland %% > #-577% % © Mueller-Hinter agar plate & - ¢ P /p| %_ceftazidime
(CAZ) > cefotaxime (CTX) % iz 8% 4+ 4v » clavulanic acid e i<3r Fk & -
4o4e > clavulanic acid 7 CAZ g CTX 2. MIC * ;X 4r » clavulanic acid 2. MIC
Ao~ B ou b g & ESBL producer e

ii. AmpC z p fgi fis % 3] B3R (AmpC B-lactamase phenotypic detection ) :
LIV R = A e (2 [8,13,35] 0 vt g H Barid 2 AT 4 o
A. x4 ts 4 p2E (Double Disk Synergy Test, DDST): #-3 % 0.5
McFarland & & cPpi% o #5323 % & & Mueller-Hinton Agar (MHA) + > 52
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% 1 #-7 7 300 pg aminophenylboronic acid hemisulfate (APB)% 30 pg
ceftazidime(CAZ) A4z % 30 ug cefotaxime(CTX) A4z 1 [ §E 18 £ & crpedpyt
EARPEAMHA F o3 x 35Cr A BA 16-18 /] FFis » LR CAZ 2 CTX
Mg 7 APB Mgadp i)k 0 £ APB Mg dp M 4 K chdrd] B
Rl & H riﬁ &> #42 APB Mgz Ap Mkl 18 £ enfrd| Bl Bl AIAMF o
B. #w4 2 3% % pl3# 2 (Disk Potentiation Test, DPT): #-3% 5 0.5 McFarland & &
FR 523 % % & Mueller-Hinton Agar (MHA) + > 5274 {5 #-7 5 300 ug APB
CAZ A4z 2 A 7 APB enCAZ 4z FFEE 30 ® B e & 8 ML & MHA
o w35 R Ci%% 16-18 | P » v 3 7 APB s CAZ &2 X 7 30 pug o
CAZ Aszz_ 3ri|Bl= -] % 7 7 APB e CAZ Xz 2 Fri|Blv" 72 7 APB :7CAZ
A4 (Z)5mm Pl F B F 2P AIEEE R -
C. 12 :z2 Hodge }3# /% (Modified Hodge Test) : #-3% % 0.5 McFarland )k & 9
353 % %t Mueller-Hinton Agar (MHA) t » 52% {6 #-2 5 30 pg <5 cefoxitin
Mggpb it MHA It ¢ & cniz B > L BRIk IEP 23 B RIRE AR enpE i d e
BT AT Er B o35 R CEE 1618 | 5 mBRAEHS 2 4 L
eyl B 2 RIRFR A £ R T G P BRI % F G R AR
o £ GHEMEF -

D). #f Lo PRRg A S EFHZ fd AW LEAREATFZ A3 R FREFAYE

i. % fF7 A2 (Pulsed-Field Gel Electrophoresis, PFGE): %48 & 12 ;> (SeaKem
Gold Agarose, Lonza)## B~ 7]k DNA {5 * Xbal (10 Units, New England BioLabs)
UG FEE TS0 R CavRip P B 2 o L A4 3 (initial switch
time)2.16 § % & % @3 P (final switch time)54.17 #) » 30~600 kbp 24> ] *
CHEF MAPPER 7 i & % (Bio-Rad)§a 7 7% 19 - PFo§a % 15 %9 M2 » | pg/ml
8 v 2 ¥ 2heg 3 % (ethidium bromide)® %d - % % ¢h kg ip| A o ¥ 5 4K
T B2 B2 @ * BioNumerics 4 7 088 4 17 % & B+ ] £ 3t 33.3~668.9 kb
R enfE 7] > ¥ 12 Dice (Optimization:1.0%, Tolerance: 1.0%) 7% i 4 i®
dendrogram ik B o FHR R 2 4p i 427 %P Tenover et al 2 2L R[[32] -

ii. ESBL gene & AmpC geng detection: & * % ¥+3513 B & fFg 44 & &2 (Multiplex
PCR) % P& < j5[1,22-25.78,29.34] » % - F s * B4 5 S0l > £ 3 20mM
Tris-HCI (pH 8.4) ~ 50 ¥M KCI ~ 0.2 mM dNTP ~ 1.5 mM MgCl, ~ % 513 2_ &
7|(Table 1 and Table 2)% )k & 7>* T 4 ~ 1.25U ©3Taq DNA % £ 5 2 2 ul =g
R F PR DNAC R & e 4 F 2 /i 4240 194°C-3 min» 25 cycle 2. 94°C-30 sec;
64°C-30 sec; 72°C-1 min > 3 72°C-7min- F Bz {8 2 Sul ek e * 2% %%
§§5 % A 0 B8 = {8 11 Ethidium bromide % ¢ » £ * UV P|EAE 3 REMPF &
2 AF o

. 2R EA ARG DNA A 4of & R PCR A #ﬂxiﬁf’”ﬁ’r;’iﬁﬁﬂ? °
2 ¥ @R 74~ 47 (DNA sequencing): 4t » PCR ¥ Ji5i3 e s it fiefs » B 2
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IV). MRSA <& L 7|2 & 3 ,tﬁ)ﬁa??i‘

ii.

1v.

¢ % PFGE, SCCmec typing, PVL toxin gene B3R 0 ¥ d PFGE % % $43iF 1 & 7%
BT A A W (pulsotype):E 7 MLST 2. B 71| 4] %] (Sequence type, ST) > = ;2 f§ it 4r
T
MRSA % % i ;% (Pulsed-Field Gel Electrophoresis, PFGE): ¢ 5&%‘1:}7%1 ® CDC
b i%ﬂ—?a@% iF[22]> & * 20 ¥ =2 *A4|pE 2 Smal 2. F B3 7% 5 5 DNA 4 (%
agarose plugs *x » TE buffer ™ & /1, CHEF-Mapper &%} F » T4 {1 0.5
g/mL ethidium bromide % ¢ 30 4 48 ji% {8 12 % b & pe 8447 ifco * BioNumerics
1 PFGE 4 17 % * #ir 488 7 » 4] B3 dendrogram 3 /% 4p i 44 (similarities ) +*
¥t 0 7% 5B Tenover etal 2 RL.R|[32] - § &4 FHk DNA bands 2 £ £ i< 6 i%
P WAL G K p AR M FR > fL 5 pulsotype (Ato D) 0 @ & pulsotype ¥ 4 b
# DNA banding £ %] » PIf 5 subtype (4 : Al,A2 & C1,C2 %) -
MRSA DNA extraction: #-£ ¥ ¢ § FH AR F> 15ml g g i £ @ 4
s 10 A48 2 ‘2 Fikets > 10 180 pl 7 lysis buffer & /¥ F)48 > & 4e > 5l ik
B &5 mg/ml 2_ lysostaphin> ¥ ** 37°C ¥ Jis 30 4 & 4* {8 9 x4k * Qiagene DNA
extraction kit 2. Gram-positive bacteria > ;2 (Qiagene DNAeasy Blood and Tissue
Kit) °
SCCmec typing: # * multiplex PCR [6] > iBl3# MRSA 2 ccr 2 mec 2 3] - PCR
2 A AT B REE LB EACEERER A A BBY 2x1o9 cell ehim
H% % DNA > 0.2 ml ¢hPCR & * JEASSEG # P e » (5 — & 4) ddH20
1X buffer~ 10 picomole % % 5! + #(primers)(# F & L F1 & 5 2 P $2_ primer
F 7|(REF) ~ 2.5 nM dNTP ~ 0.2 U Taq polymerase ~ ‘n 5] DNA » 53§ 30 cycles
denaturing, annealing, elongation > *t 5 ul - PCR ¥ &% /% £2 loading dye " ¥ 3
o iAis® EtBr 4 ¢ PRAp 2| %748 % -SCCmec 2| 2. 2|47 8 d 11T 51 e & 4% o

SCCmec type Ccr mec

Type I Type-1 ccr (ccrAl and Bl) Class B mec
Type I Type-2 ccr (ccrA2 and B2) Class A mec
Type 11 Type-3 ccr (ccrA3 and B3) Class A mec
Type IV Type-2 ccr (ccrA2 and B2) Class B mec
Type V Type-5 ccr (ccrC) Class C mec
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iv. PVL toxin gene detection: Primer 2 PCR % < Lﬁ% [21] -

V. 5 EAFIRI A 472 (MLST): B RE2L &% ¢ § § 3 FTDNA > & ks o
#7777 %23l (primer)z. PCR : arcC, aroE, glpF ,gmk, pta, tpi, ygiL - PCR*
gt pets » BAVE Bis > * 2 & B 7|2 gt L ¥forward 2 reversexd & &
(4rchromas ~ vectorNTI %)z {& » & (7 P B 7 $F 0 B2 KA E DT R 7|
Pk MLST 4 (http:/saureus.mlst.net/sql/multiplelocus.asp) > ™ 45 I} ¢+ tk G40 ¥ &
1% =4 F B 7] & 3] (Sequence type, ST) » i&m &2 F H & & 72 MRSAzZ_ ST#L
¥ T i BRI N MRSAZ JF #[9] °

V). FAAH 2 R L ez Whonet A 47 508 > A 47 B m FH § S £ 2

1 A~

& o ¥ % * Epilnfo 6.04 $it %8 (CDC, Atlanta, GA) st W m H 7 | & R AE% -
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(= ~ =) Results and Discussion (% % £ 1#%)

B Extended-spectrum p-lactam non-susceptible Escherichia coli from nosocomial
infections, 1998-2006.

E. coli comprised 12.3% (325 isolates) of the nosocomial pathogens collected in the
5 rounds of TSAR between 1998 and 2006 (Table 3). Among these 325 isolates, 70, 33,
71, 85, and 66 were from TSAR 1, II, III, IV, and V, respectively. Rates of antimicrobial
resistance of these nosocomial isolates from different years are listed in Table 4. There
was significant increase in resistance to B-lactams including first and second generation
cephalosporins cefazolin (21.4% in 1998 to 48.5% in 2006, p <0.001) and cefuroxime
(15.7% in 1998 to 45.5% in 2006, p <0.001), extended spectrum cephalosporins
cefotaxime (6.1% in 2000 to 22.7% in 2006, NS) and ceftazidime (2.9% in 1998 to
18.2% in 2006, p <0.01). There were also significant increases in resistance to
B-lactam/B-lactamase inhibitors amoxicillin/clavulanic acid (17.1% in 1998 to 39.4% in
2006, p <0.001), cephamycin cefoxitin (6.1% in 2000 to 33.3% in 2006, p <0.01), and
fluoroquinolone ciprofloxacin (22.1% in 1998 to 43.9% in 2006, p <0.01). The increase
in resistance to cephalosporins, and cephamycin indicated that in addition to increase in

extended spectrum B-lactamase (ESBL) producers, AmpC producers likely increased.

Among the 325 E. coli isolates, 103 (31.6%) were possible ESBL-producers (MIC
of aztreonam, cefotaxime or ceftazidime > 2 ug/ml), including 10, 5, 22, 37, and 29
from TSAR I, I1, III, IV, and V, respectively. The isolates were predominately from urine
(61), with the rest from blood (19), respiratory tract (5), pus/abscess (12) and other
specimen types (6). These isolates were subjected to further phenotypic ESBL
confirmatory tests, AmpC phenotypic tests, and genotypic detection of ESBL and AmpC
B-lactamases genes. A total of 44 isolates were confirmed to be ESBL-producers (13.5%
of 325). The ESBL-positive rates increased from 8.6% in 1998 to 16.7% in 2006 (p
>(0.05) (Table 5). This is consistent with the observation of increasing resistance to
extended spectrum cephalosporins. Among these 44 confirmed ESBL-producers, 14
tested positive by cefotaxime only, 2 tested positive by ceftazidime only, and 28 tested
positive by both agents. Among the E. coli isolates studied for the presence of blaESBL
genes, 5 harbored blasyy type (SHV-5-like), 34 had blacrx.m and 5 isolates had both
blasyy and blacrx.m (12 CTX-M group I and 27 CTX-M group IV) (Table 6).

A total of 68 E. coli isolates also tested positive for AmpC by either one or more the

3 AmpC phenotypic methods, 10 of which were also positive by ESBL-confirmatory
test. Among the 58 ESBL-confirmatory test negative/ AmpC-positive isolates, 49

15



harbored blacyy., AmpC, 1 harbored both blapya.; and blacyy.o. Of the other 10
phenotypic ESBL-positive/ AmpC-positive isolates, AmpC blacyy., was detected in 8,
blacmy.4 was detected in 1, the other blaAmpC negative isolate carried blactx.m type
ESBL. Co-carriage of blaESBL and blaAmpC was found in 12 isolates.

B Extended-spectrum 5 -lactam non-susceptible Klebsiella pneumoniae from

nosocomial infections, 1998-2006

Among all the nosocomial isolates collected in the 5 rounds of TSAR between 1998
and 2006, 255 (9.7%) were K. pneumoniae (Table 3), including 63, 17, 49, 61, and 65
isolates from TSAR I, I, III, IV, and V, respectively. Rates of antimicrobial resistance of
these nosocomial isolates from different years are listed in Table 7. There was
significant increase in resistance to nearly all antimicrobials including first and second
generation cephalosporins cefazolin (28.6% in 1998 to 52.3% in 2006, p <0.01) and
cefuroxime (28.6% in 1998 to 50.8% in 2006, p <0.01), extended spectrum
cephalosporins cefotaxime (17.6% in 2000 to 30.8% in 2006, p <0.05) and ceftazidime
(11.1% in 1998 to 32.3% in 2006, p <0.01). There were also significant increases in
resistance to monobactam aztreonam (15.9% in 1998 to 32.3% in 2006, p <0.05),
B-lactam/B-lactamase inhibitors amoxicillin/clavulanic acid (12.7% in 1998 to 40% in
2006, p <0.001), cephamycin cefoxitin (5.9% in 2000 to 32.3% in 2006, p <0.01), and
fluoroquinolone ciprofloxacin (14.3% in 1998 to 44.6% in 2006, p <0.01), again
indicating the likelihood of increase in extended spectrum B-lactamase (ESBL)

producers as well as AmpC producers likely increased.

Among the 255 nosocomial K. pneumoniae isolates, 90 (35.3%) were possible
ESBL-producers MIC of aztreonam, cefotaxime or ceftazidime > 2 ug/ml), including 10,
5,22,37, and 29 from TSAR I, II, III, IV, and V, respectively. Due to special collection
of ESBL producing K. pneumoniae in TSAR II and III, there were additional 45
nosocomial isolates for further characterization. Of these 135 studied, 63, 26, 25, and 14
were from urine, blood, respiratory, and pus/abscess specimens, respectively. Among
these possible ESBLs, 114 were confirmed to be ESBL-producers. The ESBL-positive
rates increased from 23.8% in 1998 to 31.3% in 2006 (p >0.05) (Table 7). Among these
114 ESBL-confirmatory test positive isolates, 31 tested positive by cefotaxime only, 7
tested positive by ceftazidime only, and 76 tested positive by both agents. Among the
114 isolates, 42 harbored SHV-5,12-like blaESBL, 57 harbored CTX-M type blaESBL
blactx.m and 14 isolates that carried both blasyy and blactx.m (35 CTX-M group I and
36 CTX-M group 1V) (Table 8).
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A total of 36 of the K. pneumoniae isolates also tested positive for AmpC by either
one or more of the 3 AmpC phenotypic methods, 20 of which were also positive by
ESBL-confirmatory test. All of the 20 ESBL-confirmatory test negative/ AmpC-positive
isolates harbored the blapys.; AmpC. Of the other 17 ESBL-confirmatory test
negative/ AmpC-positive isolates, 16 also carried blapga-1. AmpC blacwmy., was detected
only in 1 K. pneumoniae (Table 8).

B Pulsed filed gel electrophoresis of extended spectrum B-lactam non-susceptible
nosocomial E. coli and K. pneumoniae.

PFGE was performed on Xbal digested chromosomal DNA of all 100 E. coli and
133 K. pneumoniae isolates studied for resistance mechanisms described above to
determine if a particular clone predominated or if there were inter-hospital clonal
dissemination. 2 E. coli isolates (2006HLH110 and 2006HLH180) (Fig 1A) and 2 pairs
of K. pneumoniae isolates (2002SCM 148 and 2002SCM157; 2002CHC216 and
2002CHC217) (Fig 2) from the same hospital within the same year had identical PFGE
patterns, indicating some intra-hospital spread may have occurred. All other isolates had
PFGE patterns distinct from each other, indicating that the increase in ESBL and
AmpC-producing E. coli and K. pneumoniae is likely not due to clonal spread since no

predominate clone or inter-hospital clonal dissemination was found based on PFGE.

m  Discussion on ESC-NS E. coli and K. pneumoniae

The proportions of isolates carrying genes encoding ESBL and AmpC in extended
spectrum B-lactam non-susceptible (ESC-NS) nosocomial E. coli and K. pneumoniae
changed over the years (Fig. 3). In 1998, isolates carrying blaESBL comprised 60% (6/10)
of ESC-NS E. coli and 88.2% (15/17) of ESC-NS K. pneumoniae and no AmpC was
detected in either species. In 2006, isolates carrying blaESBL comprised 26.9% (7/26) of
ESC-NS E. coli and 38.7% (12/31) of ESC-NS K. pneumoniae while AmpC was detected
in 73.1% of ESC-NS E. coli and 51.6% of ESC-NS K. pneumoniae. The increase in
resistance to extended spectrum cephalosporins and cephamycin correlated with the
increase in both ESBL producers and AmpC producers. Concurrent to the decrease in the
proportions of isolates carrying only blaESBL, there was increase in isolates with
blaAmpC and in isolates carrying both blaESBL and blaAmpC.

Of noteworthy is that even though blacrx.m type is the predominate ESBL carried in

both E. coli and K. pneumoniae isolates, their AmpC profiles differed. All 59
AmpC-positive E. coli isolates carried blacvy-type AmpC, except one that also carried
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blappua.1 AmpC. In contrast, 36 of 37 AmpC-carrying K. pneumoniae carried blapya.;
AmpC, and only one isolate carried blacyy-type AmpC. This study of nosocomial
isolates from multiple hospitals in different years confirmed that CTX-M
extended-spectrum B-lactamases (ESBLs) is endemic in Taiwan and plasmid-mediated

AmpC B-lactamases are increasing in Taiwan hospitals.

In an earlier study of E. coli and K. pneumoniae from 7 medical centers in 2003,
Yan et al found identical or similar restriction patterns of conjugative plasmids from
CMY-2 producing E. coli, and those from CTX-M producing E. coli and K. pneumoniae
[36]. Recently, a multidrug resistant conjugative plasmid carrying genes encoding
CMY-type AmpC and CTX-M ESBL has also been reported by Chen et al [4]. The
present study found that the genes coding extended spectrum B-lactamses (ESBL)
mostly belong to the SHV-5- like and CTX-M group I and group IV blaESBLs, and
CMY-2 (in E. coli) and DHA-1 (in K. pneumoniae) blaAmpC. PFGE of chromosomal
DNA also found diversed heterogeneity among these extended spectrum p-lactam
nonsusceptible E. coli and K. pneumoniae nosocomial strains. These results indicate that
transfer of plasmids carrying resistance blaESBL and blaAmpC genes likely account for

the increasing ESBL and AmpC producers in these 2 species.

B MRSA from nosocomial infections, 2006

Among the 694 S. aureus collected from 25 hospitals in TSAR V (2006), 482 were
from inpatients, including 67 (13.9% of inpatient isolates) from hospital-acquired
infections (HAI), of which 51 isolates were methicillin resistant (76.1%). Among these
51 HAI-MRSA, 19, 10, 16 were from blood, respiratory, and wound specimens, and 5
were from catheters, and the other one was from pleural fluid. Based on pulsed field gel
electrophoresis (PFGE) results, these 51 isolates can be grouped into 4 main distinct
pulsotypes (clonotypes), with 64.7% (33), 9.8% (5), 2.0% (1), and 19.6% (10) of the
isolates belonging to pulsotypes A, B, C, and D, respectively (Table 9). Together these 4
main pulsotypes comprised 96.1% of the nosocomial MRSA in TSAR V. Isolates
assigned within the same main pulsotype (A, B, C or D) are either indistinguishable
from each other, closely related or possibly related to each other (Figure 4). Isolates
within the same pulsotype also share other characteristics, such as SCCmec, MLST

sequence type, and antimicrobial resistance profiles (Table 10).
Isolates of the same pulsotype, SCCmec, and sequence type clonal complex are

considered the same clonatype. Pulsotype A (SCCmec I11:ST239 or 241) belongs to the

Hungarian/Brazilian lineage and is more prevalent in Europe, while pulsotype D
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(SCCmec II:ST5) belongs to the New York/Japan lineage and is more prevalent in USA
and Japan. Both pulsotype A and D are resistant to ciprofloxacin, but pulsotype D is
susceptible to trimethoprim/sulfamethoxazole (SXT) and tetracycline. Pulsotype B
(SCCmec:ST59) and pulsotype C(SCCmec V:ST59) are the predominant community
strain MRSA found in Taiwan [3] but are not common in other countries, and they are
usually susceptible to ciprofloxacin and trimethoprim/sulfamethoxazole. Pulsotype C
isolates also carry the virulent PVL toxin gene so may cause more severe infections in
susceptible hosts. The change in MRSA epidemiology is intriguing and may impact

treatment strategies since these clonatypes have distinct resistance profiles.

The distribution of these 4 pulsotypes in nosocomial MRSA isolates from the
previous 4 rounds of TSAR (1998-2004) was compared with those from TSAR V (2006)
(Table 9). There was significant decrease in pulsotype A with concurrent emergence and
increase of pulsotype D. The proportion of pulsotype A MRSA decreased from 93.7% in
1998 to 68.4% in 2002 to 64.7% in 2006 (p <0.001). Of noteworthy is that there was no
pulsotype D in 2000, but it emerged in 2000 (1 isolate, 2.6%), and further increased to
20.4% in 2004, and this clonatype accounted for 19.6% of nosocomial MRSA in TSAR
V. The increase of pulsotype B and C in causing nosocomial infections is also
worrisome since this indicates that they are able to survive in the hospital environment,
where they may acquire additional resistance. The reason for the changing epidemiology
of MRSA clonotypes in Taiwan hospitals is unknown at the present time. Changes in
antimicrobial use, possession of different virulence factors (such as PVL toxin in
pulsotype C) and biological fitness are some possible reasons. However, further studies

are needed to identify the factors affecting MRSA epidemiology in Taiwan.
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(7 ) ~ Conclusions and Suggestions (%3 £2 2£3%)

These results indicate that the increase in resistance to extended spectrum B-lactams
in E. coli and K. pneumoniae is likely due to transfer of resistance determinants between
bacterial strains and clonal spread may play a role within a hospital. The most common
extended spectrum B-lactamase (ESBL) gene is blactx.m type, followed by blagyy- type.
The most common AmpC B-lactamase genes are blapya.; in K. pneumoniae and blacyvy
type in E. coli. The increase in isolates with genes encoding plasmid-mediated AmpC
enzymes and of isolates possessing both ESBL and AmpC enzymes is a concern since
these genes are likely carried on transferable plasmids. Strict control and monitoring of
antimicrobial use is a must to prevent the further emergence and dissemination of

transferable resistance elements.

In contrast, MRSA strains in Taiwan hospitals are highly clonal. The predominant
MRSA clone causing nosocomial infections in Taiwan hospitals continues to be the
most multidrug resistant pulsotype A (SCCmec I11:ST239/241). However, another clone
pulsotype D (SCCmec II:ST5) is increasing. In addition, community strain MRSA
[pulsotype B (SCCmec IV:ST59) and pulsotype C (SCCmec V:ST5)] have also migrated
into the hospital and may have established a niche in the hospital environment. The risk
factors, disease spectrum and treatment outcomes of these MRSA infections warrants
further study since their resistance and toxin profiles differ and may affect treatment
outcome. Since MRSA carriage precedes infection and is a hidden reservoir for
transmitting MRSA to other patients, active surveillance for the carriage of MRSA on
high-risk patient groups to identify MRSA carriers and implement appropriate contact
precaution and infection control measures may help to reduce the further spread of this

multidrug resistant organism in our hospitals.

In conclusion, strategies for the control of rising antimicrobial resistance should
include antibiotic stewardship and enforcement of infection control policy. Decrease in
selective pressure can prevent polyclonal expansion of resistance determinants and

adequate infection control measures can prevent the spread of resistant clones.
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Table 1. Primers for extended spectrum B-lactamase genes detection.

Expected
Nucleotide PCR working

Target(s) Primer Sequence (5'to 3 ") amplicon - )

size (bp) positions concentration
RCTX-M CTX-M-Ul ATGTGCAGYACCAGTAARGTKATGGC 593 0.4M
PRCTX-M CTX-M-U2 TGGGTRAARTARGTSACCAGAAYCAGCGG 0.4M
YpER  PER-1F ATGAATGTCATTATAAAAGCT 926 1-20 1M
YpER  PER-IR TTAATTTGGGCTTAGGG 927-911 1M
YpER  PER-2F ATGAATGTCATCACAAAATG 926 278-997 1M
YpER  PER-2R TCAATCCGGACTCACT 1204-1189 1M
YSHV  SHV.SE ATGCGTTATATTCGCCTGTG 747 0.4M
YSHV  SHV.AS  TGCTTTGTTATTCGGGCCAA 0.4M
Y“TEM  TEM-164.SE TCGCCGCATACACTATTCTCAGAATGA 445 0.4M
Y“TEM  TEM-165.AS ACGCTCACCGGCTCCAGATTTAT 0.4 M
Y*VEB  VEB-IF GATAGGAGTACAGACATATG 914 12-31 1M
YVEB  VEB-IR  TTTATTCAAATAGTAATTCCACG 925-903 1M
YayVEB  VEB-2F CGACTTCCATTTCCCGATGC 642 343-362 1M
“VEB  VEB-2R  GGACTCTGCAACAAATACGC 985-966 1M
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Table 2. Primers used for detection of AmpC B-lactamase genes in multiplex PCR.

Expected
Nucleotide PCR working
Target(s) Primer Sequence (5 to 3 ', as synthesized) amplicon ]
positions  concentration
size (bp)
MOX-1, MOX-2,
CMY-1,CMY-8 to MOXMF GCTGCTCAAGGAGCACAGGAT 520 358-378 0.6 M
CMY-11
MOXMR CACATTGACATAGGTGTGGTGC 877-856 0.6 M

LAT-1 to LAT-4,

CMY-2 to CMY-7, CITMF TGGCCAGAACTGACAGGCAAA 462 478-498 0.6 M
BIL-1
CITMR TTTCTCCTGAACGTGGCTGGC 939-919 0.6 M
DHA-1, DHA-2  DHAMF AACTTTCACAGGTGTGCTGGG T 405 1244-1265 0.6 M
DHAMR CCGTACGCATACTGGCTTTGC 1648-1628 0.6 M
ACC ACCMF AACAGCCTCAGCAGCCGGTTA 346 861-881 05M
ACCMR TTCGCCGCAATCATCCCTAGC 1206-1186 0.5M
MIR-1T ACT-1 EBCMF TCGGTAAAGCCGATGTTGCGG 302 1115-1135 05M
EBCMR CTTCCACTGCGGCTGCCAGTT 1416-1396 0.5M
FOX-1to FOX-5b FOXMF AACATGGGGTATCAGGGAGATG 190 1475-1496 04 M
FOXMR CAAAGCGCGTAACCGGATTGG 1664-1644 04M
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Table 3. Top 10 species of nosocomial pathogens in TSAR collection

TSAR I

TSARII

TSAR III

TSAR IV

TSAR V

Organism (1998) (2000) (2002) (2004) (2006) TSAR Tt IV
N % N % N % N % N % N %
P. aeruginosa 141 167 24 94 75 142 55 107 85 16.6 380 14.3
S. aureus 119 141 50 19.7 56 10.6 78 152 70 13.7 373 14.1
E. coli 70 83 33 130 71 134 g8 166 66 12.9 325 12.3
A. baumannii 102 12.1 13 51 50 95 41 8.0 68 13.3 274 10.3
K. pneumoniae 63 15 17 6.7 49 93 61 119 67 13.1 257 9.7
E. faecalis 2125 22 87 28 53 31 6.1 23 4.5 125 4.7
S. marcescens 43 51 25 98 20 38 8 1.6 11 2.1 107 4.0
E. cloacae 30 3.6 10 39 16 3.0 17 33 18 35 91 34
P. mirabilis 28 33 1 04 12 23 17 33 21 4.1 e 3.0
E. faecium 2 0.2 9 35 1223 10 20 17 33 50 1.9
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Table 4. Comparison of antimicrobial resistance rates (%) in nosocomial Escherichia coli

from different years

o ] TSAR I TSARII TSARIII TSARIV TSARV
Antimicrobial

agent (1998) (2000) (2002) (2004) (2006) p°
N=70 N=33 N=71 N =285 N =66
Amikacin 2.9 3 9.9 7.1 6.1 NS
Amoxicillin/CA* 17.1 6.1 28.2 37.6 39.4 <0.001
Ampicillin 85.7 75.8 91.5 89.4 84.8 NS
Aztreonam 43 12.1 8.5 12.9 15.2 NS
Cephalosporin
Cefazolin 21.4 18.2 42.3 47.1 48.5 <0.001
Cefuroxime 15.7 15.2 35.2 44.7 45.5 <0.001
Cefotaxime NT 6.1 14.1 15.3 22.7 NS
Ceftazidime 2.9 9.1 8.5 22.4 18.2 <0.01
Cefepime NT 3 7 12.9 12.1 NS
Cefoxitin NT 6.1 22.5 353 33.3 <0.01
Ciprofloxacin 22.1 273 46.5 41.2 439 <0.01
Gentamicin 52.9 57.6 60.6 55.3 45.5 NS
Imipenem 0 0 0 1.2 0 NS
Trimeth./Sulfa. 75.7 78.8 83.1 68.2 60.6 <0.05

* CA, Clavulanate acid.
® p value for trend analysis; NS, not significant (p >0.05).
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Table 5. Proportions (%) of extended spectrum B-lactamase (ESBL) confirmatory test
positive isolates in nosocomial E. coli and K. pneumoniae from different years®
% (# positive/# tested)

TSAR (Year) E. coli K. pneumoniae
TSAR I (1998) 8.6 (6/70) 23.8 (15/63)
TSAR II (2000) 9.1 (3/33) * (14/27)
TSAR III (2002) 16.9 (12/71) * (42/84)
TSAR IV (2004) 14.1 (12/85) 36.1 (22/61)
TSAR V (2006) 16.7 (11/66) 31.3 (21/67)

* ESBL Confirmatory test was performed following the guidelines of Clinical and
Laboratory Standards Institute (CLSI) [REF].

* In TSAR II and I1I, additional ESBL-producing K. pneumoniae were collected
under a special collection. Most of these ESBL-producers turn out to be from
nosocomial infections and are included in this study. But the ESBL-positive rates in
these 2 rounds of TSAR cannot be calculated.
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Table 6. Distribution of extended spectrum [}-lactamase (ESBL) and AmpC [}-lactamase in
nosocomial Escherichia coli

Phenotypic detection of: ESBL genes detected” AmpC genes detected”
ESBL AmpC N blagy blacrxw Both | blapya blacwy Both |
Ceftazidime Cefotaxime type  type types type type types

Neg Pos Pos 5 1 3 1 0 0 4 0 1
Pos Neg Pos 2 0 0 0 2 0 2 0 0
Pos Pos Pos 3 0 1 2 0 0 3 0 0
Neg Pos Neg 6 0 5 1 0 0 0 0 6
Pos Neg Neg O 0 0 0 0 0 0 0 0
Pos Pos Neg 25 2 22 | 0 0 0 0 25
Neg Neg Pos 58 2 3 0 353 0 49 | 8
Neg Neg Neg 1 0 0 0 1 0 0 0 1
Total 100 5 34 5 56 0 58 1 41

* blagny: 8 SHV-5-like, the other 2 are pending further analysis; blacrxm (12 CTX-M group
I'and 27 CTX-M group 1V).

*blacyy AmpC were all blacvy-2 except one was bla cuvy.s, blapua were DHA-1
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Table 7. Comparison of antimicrobial resistance rates (%) in nosocomial K. pneumoniae

from different years

Antimicrobial TSARIT TSARII TSARII TSARIV TSARV i
agent (1998) (2000) (2002) (2004) (2006) p
N=063 N=17 N=49 N=61 N=65
Amikacin 17.5 11.8 4.1 19.7 26.2 <0.05
Amoxicillin/CA® 12.7 11.8 12.2 31.1 40 <0.001
Aztreonam 159 11.8 10.2 27.9 32.3 <0.05
Cephalosporin
Cefazolin 28.6 29.4 24.5 47.5 523 <0.01
Cefuroxime 28.6 23.5 16.3 45.9 50.8 <0.001
Cefotaxime NT 17.6 8.2 29.5 30.8 <0.05
Ceftazidime 11.1 11.8 8.2 19.7 323 <0.01
Cefepime NT 11.8 2 24.6 23.1 <0.01
Cefoxitin NT 59 8.2 27.9 323 <0.01
Ciprofloxacin 14.3 23.5 14.3 39.3 44.6 <0.01
Gentamicin 31.7 353 20.4 39.3 40 NS
Imipenem 0 0 0 1.6 0 NS
Trimeth./Sulfa. 46 52.9 24.5 50.8 53.8 <0.05

* CA, Clavulanate acid.

® p value for trend analysis; NS, not significant (p >0.05).
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Table 8. Distribution of extended spectrum [}-lactamase (ESBL) and AmpC [}-lactamase in
nosocomial K. pneumoniae

Phenotypic detection of: ESBL genes detected AmpC genes detected
ESBL AmpC N blagiy blacrxw Both blapns blacwy Both
Ceftazidime Cefotaxime type  type  types type  type types

Neg Pos Pos 13 1 12 0 0 13 0 0 0
Pos Neg Pos 3 1 2 0 0 0 0 0 3
Pos Pos Pos 4 3 0 1 0 4 0 0 0
Neg Pos Neg 18 1 13 3 1 1 0 0 17
Pos Neg Neg 4 2 0 0 2 1 0 0 3
Pos Pos Neg 72 30 30 10 2 1 0 0 71
Neg Neg Pos 17 0 0 0 17 16 1 0 0
Neg Neg Neg 4 4 0 0 0 0 0 0 4

Total 135 42 57 14 22 36 1 0 98

a blaSHv; all SHV—5,12-like, blaCTX_M (35 CTX-M group I and 36 CTX-M group IV)
bblaDHA were all DHA-I, blaCMY Al’l’lpC was blaCMY_z,
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Table 9. Distribution of major pulsotypes in MRSA causing hospital acquired infections in
different years in Taiwan

Number of isolates (%) with pulsotype in:

a b
Pulsotype 1998 2000 2002 2004 2006 P
(n=95) (n=39) (n=38) (n=154) (n=351)

A 89(93.7) 31(79.5) 26(68.4) 31(57.4) 33(647)  <0.001
B 3(3.15)  4(103)  7(18.4) 5(9.3) 5(9.8) 0.08
C 0 2(5.1) 1(2.6) 6 (11.1) 1(2.0) 0.01
D 0 1(2.6) 3(7.9) 11(204)  10(19.6)  <0.001

NotA-D  3(3.15) 0 1 (2.6) 1(1.8) 2(3.9)  Notdone

* Pulsotype designation was based on 80% similarity of Smal digested chromosomal DNA
pattern

b p value for trend analysis.
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Table 10. Comparison of characteristics of the main pulsotypes of MRSA causing hospital

acquired infections in Taiwan from 1998-2006

Pulsotype
Characteristics A B C D
(n=210) (n=24) (n=10) (n=25)
Antimicrobial resistance profile:
n (%) resistant to
Chloramphenicol 47 (22.4) 22 (91.7) 10 (100) 2 (8.0)
Ciprofloxacin 209 (99.5) 0 0 25 (100)
Erythromycin 210 (100) 24 (100) 10 (100) 25 (100)
Gentamicin 209 (99.5) 18 (75.0) 1 (10.0) 25 (100)
Tetracycline 209 (99.5) 15 (62.5) 6 (60.0) 0
SXT* 207 (98.6) 0 0 1 (4.0)
Molecular typingb:
SCCmec type I v \Y 11
MLST performed (n) 27 9 2 12
ST239 (19),
ST241 (6), ST5 (10),
Sequence type (n) ST59 (9) ST59 (2) .
ST900 (1) ST5-like (2)
ST239-like (1)
pvl detection - - + -

* SXT, trimethoprim/sulfamethoxazole
® Molecular typing included: SCCmec typing and Panton-Valentine leukocidin gene (pvl)
detection, which were done on all isolates. MLST was used to determine the sequence type

(ST), which was performed on selected isolates from each representative pulsotype.
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Figure 1A and 1B. Dendrograms of Xbal digested chromosomal DNA of extended spectrum

-lactam non-susceptible nosocomial E. coli in Taiwan (only selected strains are shown)

Fig 1A.

Dice (Opt:1.00%) (Tol 1.0%-1.0%) (H>0.0% S$>0.0%) [0.0%-100.0%]
Xbal-19hrs Xbal-19hrs

2004SCM016 152 eco Blood
2004SCM156 163 eco Urine
2004LSM071 139 eco Urine
2006GTC218 183 eco Blood
2004NCK119 148 eco Urine
2004SLCO051 167 eco Blood
2004SCM146 160 eco Resp.
2004SCM132 158 eco Urine
2004SCM153 162 eco Urine
2006HLH110 184 eco Pus/Wound
2006HLH180 185 eco Urine
2004SCM127 157 eco Urine
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Fig 1B.
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Figure. 2. Dendrogram of Xbal digested chromosomal DNA of extended spectrum -lactam

non-susceptible nosocomial K. pneumoniae in Taiwan (Not all 135 strains are shown).

Dice (Opt:1.00%) (Tol 1.0%-1.0%) (H>0.0% S>0.0%) [0.0%-100.0%]
Xbal-19hrs Xbal-19hrs

985560 22 kpn RESP-TRACT
2002CHC094 49 kpn Blood
200645 33 kpn Other
2004CGKO081 117  kpn Wound
981097 5 kpn RESP-TRACT
983731 15 kpn URINE
983917 16 kpn OTHERS
2004SCM167 164  kpn Other-bile
201803 36 kpn Urine
2002SCM069 85 kpn Catheter
2006SCM171 205 kpn Respiratory
981846 7 kpn URINE

' 2002NCK228 75  kpn  Urine
985567 23 kpn BLOOD
2002PHLO77 81 kpn Resp.
2006ZAT061 228  kpn Wound
2002LSM216 64 kpn Urine
2006VGK169 224 kpn Wound
2002NCK222 73 kpn Urine
2004MKS152 144  kpn Resp.
2004SCM174 165 kpn Blood
2006NCK133 194 kpn Blood
2006SCM062 198  kpn Urine
984951 18 kpn URINE
2006ZAT064 229  kpn Respiratory
983052 12 kpn URINE
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2002SCM157 88 kpn Catheter
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2004LSM167 140  kpn Urine
2006TZHO88 209  kpn Urine
2006ZGP117 236 kpn Respiratory
2004SCM134 159  kpn Wound
2002TRS266 94 kpn Resp.
2006ZAT058 226  kpn Urine
2006SCM148 203  kpn Urine
200038 29 kpn Wound
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Figure 4. Dendrogram of Smal digested pulsed field gel electrophoresis (PFGE) patterns of 51

nosocomial MRSA isolates from 2006. If more than one isolate is found in a subtype, only 1

isolate is shown. SCCmec type, presence of PVL toxin gene, sequence type (ST), and

resistance profile (cip, ciprofloxacin; gen, gentamicin; sxt, trimethoprim/sulfa; tcy,

tetracycline) are also shown.
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Fig 5. Dendrogram of Smal digested pulsed field gel electrophoresis (PFGE) patterns of 51
nosocomial MRSA isolates from TSAR I (1998) — TSAR V (2006). Only 1 isolates of a
pulsotype is shown. For pulsotype A, only subtypes with 2 or more isolates are shown.
SCCmec, sequence type (ST), and resistance profile (cip, ciprofloxacin; gen, gentamicin; sxt,
trimethoprim/sulfa; tcy, tetracycline) are also shown.
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