3.2 N9 typing lag 1% inaita Randomly amplified polymorphic DNA (RAPD) PCR

m3lE primer R004 LpaduwdnnlWnanmasasNdswin band mnﬁq@ vJunmsla
mﬂﬁﬂmaa%%'ﬂuLaqaﬁn’i’ﬁﬁﬁoﬁvlﬁgnmmvmaauLﬁaamnmmsnﬁwmimaauﬁuL%ﬂﬁiwmu
wnnldlunamsusuwnazdaldiudaudrlsznianinis Ribotyping @J‘ﬁ' 8 LEAINaNIYin RAPD

t

B25522252222344257 B22125184 5569410241244

eeesfaioggagelosnces

§62 225121252 24 2 5286%26 6 =2595555559511122222555

t-l e N ' N.

52244241344414455925925214

i & . o o T o' Y
31]“?] 8. URAINANITINIIY RAPD wadiwa A. baumannii 30134 101 mﬂwmf LLﬂJx‘]ﬂE!&IL‘liﬂvl.ﬂLﬂu
14 Wy
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3UM 9. (A) Dendogram UgAIANNFNNUTTIRENUTVBITE A. baumannii (101 aBWuT) lan

v

lfnannasay RAPD-PCR (B) anlglun1sdnuins cluster analysis laslt parameter @adh:

match type, match all tracks to all tracks; match basis, MW; % tolerance, 1.00; similarity
measure, Dice; linkage method, UPGMC. HamIfMMInuaadliiAnledn anaudaza A

baumannii @88 carbapenem Iandu 4 mﬂ;amé'ﬂ

3.3 N13711 Pulsed-field gel electrophoresis (PFGE) Waning typing
wal Y A o . & @ /. ad Aa
ladmnegeumsliinafia  PFGE  anvinms  typing  tdesdunuinduizasnd
discriminating power f31n U@ bszozAinagauT9uIn 69143 standard technique 39lenanasld
restriction enzyme THAG9 L TH Spel uaz Smal LIuen gﬂﬁ 10 (Juwaminasavlasls Smal

enzyme MAN13A@ chromosomal DNA 2adtBafiuen laannsw.d55
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1 2 34 5 6 78 9 1011 1213 14 M

B ACDBAEATFABTG CAG
U7 10. ugaamavih PFGE lawld Smal-digested DNA 984178 A. baumannii  Type A - G
< . & [ AV va

113 preliminary pulsotypes U8dtTad1%I% 14 mslwuﬁ:wvlmumimaau

M 111/45 188/45 123/45 70/45 117/45 68/45 43/45 52/46 125/45 65/45 31/45 28/46 73/45 150/45

A s — S i — S U S S S— — N — — —

1 c)

90/45 53/45 112/45 179/45 145/45 83/46 56/46 50/46 57/46 59/46 117/45 52/46 127/45 169/45 M
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M 168/45 128/45 127/45 169/45 142/45 194/45 170/45 189/45 195/45 204/45 193/45 29/45 41/425 56/45

M 84/45 133/45 59/45 198/45 31/46 55/45 77/45 75/45 19/45 57/45 190/45 88/46 92/46 33/45

M  63/45 84/46 52/46 61/46 58/46 129/45 42/45 86/45 29/46 25/45 67/45 89/45 200/45 34/46
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60/45 63/45 66/45 163/45 166/45 31/46 52/46 85/46 108/46 110/46 122/46 123/46 125/46 126/46 M
— . e o S S RN SNy e - S G Sm——

M 70/45 80/45 54/46 126/45 144/45 92/45 122/45 148/45 51/45 30/45 64/45 125/46 85/45 M
162/45 172/45 197/45 52/45 62/45 66/45 33/46 51/46 70/46 74/46 M  83/46 89/46 76/46 53/46
H S - —_— — -

gﬂﬁ 11. LRAINANTIYIN pulsed field gel electrophoresis lua A. baumannii

F1uau 98 auwus lasmsld Apal enzyme
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Isolate no. Date collected | Ribotype | RAPD | Pulsotype
123/45 24/8/2002 1 6 E
29/45 30/3/2002 1 13 C
42/45 11/4/2002 1 4 A
43/45 14/4/2002 1 5 B1
125/45 20/8/2002 2 2 B1
129/45 27/8/2002 2 5 F
133/45 30/8/2002 2 9 C
142/45 11/9/2002 2 5 C
148/45 9/9/2002 2 5 D
189/45 22/10/2002 2 4 C
111/45 27/7/2002 3 6 A
128/45 25/8/2002 3 5 C
168/45 1/10/2002 3 2 B2
169/45 1/10/2002 3 2 B1
195/45 2/11/2002 3 2 B2
198/45 3/11/2002 3 2 D
200/45 1/11/2002 3 5 C1
25/45 2/9/2003 3 4 C1
30/45 29/3/2002 3 4 F
52/46 24/10/2003 3 2 C3

NN 2. WEAIHANTTINWUA molecular typing VadLTa A. baumannii LIgIMANNNATIILAEAT

A 04 ad ' 1Al 04 a ' ad A
NG 3 97 WU'J’]VLNNﬂ?ﬂﬂﬁﬂW%ﬂ%LL@lﬂiﬁﬁﬂﬂ@ﬁaU

4. N3ANBINIA@EA rifampin 1wiBa A. baumannii

‘T8 A. baumannii 13 100 auwuf linansnaseuinuitedar rifampin lasfidiza
38 uWEN laiwy inhibition zone 381 9 rifampin disk 1ae uaaITIAaElUIzALgINN laving
A 6 a & . . A A & . A
WRInWILUADL rifampin Masiinonuwluize P. aeruginosa Tudszna'lng de a2 gene [9]
las3% PCR uazld specific primers luniaa wuingan@esuuy’ladl inhibiion zone nnan
wutidwzenlinauinlu PCR test 18w arr-2 wamavih PCR uaaslilugdn 12 adalsd

A o @ A A= & A o
utlaasarmaeuiuavadiuniu target w91 (rpoB gene) lwianlvnaaulunisasiam
' & P . o A A o & Ao . A

arr-2 WU e liflenuuandvivesdeuius Waisuiusendshden GUN 13 uaz 14)

o & & . . oA ' v A a a 4 o o & & a
INUMIAB rifampin sl,um\guwmnvl,uwu arr-2 gene A4Gadina lndwgannazyinlvizefesia

2
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M 89/46 92/46 100/46 101/46102/46103/46 104/46 105/46 106/46107/46108/46109/46 110/446 pCTF202

E‘ﬂ“?i 12. BLROINANITIAIIINY arr-2 gene Tagas PCR M, marker; pCTF202, positive control
plasmid [8]

<&
«

v

140 150 160 170 180 190 200 210 20 230 240
GTHTCAGAATTCTTTGGTTCAAGCCAGTTAT CTCAGTTTATGGACCMAACMCCCATTATCTGAGATTACACATMACGTCGTGTATCTGCGCTTGGTCCTGGTGGTTTMC

vy sSEfEFfF F G 55 0L 5 ¢ F ¥D Q¥ K P L 5§ E I G 6 1 T

uuﬁ't. I J»x ,.lnh WG

31 13. M39379 DNA sequence 3as8uftduinangasen rifampin lusrundu hot spot lag

vt predicted primers lumsiiudwInvastn rpoB g}ﬂﬂiLLamG‘i’]Lmﬁwad DNA sequence
ﬁgﬂ translated 11w binding site (hotspot) ¥a4 rifampin
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>gi|50083579|ref|YP 045089.1| DNA-directed RNA polymerase beta chain (Transcriptase beta
chain)
(RNA polymerase beta subunit) [Acinetobacter sp. ADP1]
gi]49529555|emb|CAG67267.1| DNA-directed RNA polymerase beta chain (Transcriptase beta
chain)
(RNA polymerase beta subunit) [Acinetobacter sp. ADP1]
Length=1362

Score = 173 bits (439), Expect = le-42
Identities = 83/83 (100%), Positives = 83/83 (100%), Gaps = 0/83 (0%)
Frame = +1
RpoB mutation hotspot (no mutation found)
Abl128/45 4 EFFGSSQLSQFMDONNPLSEITHKRRVSALGPGGLTRERAGFEVRDVHQTHYGRVCPIET 183
EFFGSSQLSQFMDONNPLSEITHKRRVSALGPGGLTRERAGFEVRDVHQTHYGRVCPIET
Other 513 EFFGSSQLSQFMDQONNPLSEITHKRRVSALGPGGLTRERAGFEVRDVHQTHYGRVCPIET 572
Abl128/45 184 PEGPNIGLINSLSVYAKANDEGE 252
PEGPNIGLINSLSVYAKANDFEGF
Other 573 PEGPNIGLINSLSVYAKANDFGF 595

3U7 14, usasnamIdumBunlanumileunulaslsunsy BLASTX analysis isunsald laain

NCBI homepage (http://www.ncbi.nlm.nih.gov/BLAST) Best matched sequence NN

Acinetobacter ADP1 (umeiiiaiolwaitiln A. baylyi) [10]

5. nMNInadgau polymyxins LLag tigecycline susceptibility

minasauanuhueddia A. baumannii dapn polymyxins wmﬂﬁanﬂmﬂﬁuﬂaﬁam
mjuf’: [11]

MINaFaLEN tigecycline lasan3lE3D disk diffusion Wz Etest WUINTHANINATELEENN
liasenu ildnsudanaanalanuliuiuenld sunaanafiaanelu disk uaz Etest strip 16
fenesanuudr limusneangnisingeld SEnuusihlivinmmeseuuuulndfamsin broth
dilution technique Wt @enanasiannuhvedde A baumannii desnsialwa Ae
tigecycline wud%%anﬂé’hﬁmmvh@iam"nﬁ@f: [12, 13] @& MICs, Uz MICg, = 2 W@z 4 ug/ml
MUEGY uazanHanmINaaasfivnlitiasiinsiasuuias inhibition zone breakpoint &M3L
%o A. baumannii WWillw >13 mm = susceptible wnumslden >19 mm a%m%’m%yaﬂ&ju

Enterobacteriaceae [12]

Fsatuan1naassuazayLl

o A. baumannii ﬁLLﬂﬂ"L@Tanﬂgﬂm LﬂuL%aﬁé‘Tamﬁmﬁ;a%W%mwmu wHasfuiie
Ilusaetin.a. 2545 Uszanas 5 Twasanndiinsnenuwindefuenldlulsmeaiionyda
ENga carbapenem 114 100% Twdaiuenlesnt w.a. 2539-2540 [14] FMIUNNTR0ENE
qa%wmju carbapenem ww wundensnualunmsansitlalldaine metallo-beta-lactamase (G'fio
LﬂuLau"lmﬁﬁﬁﬂﬁL%a?Tam"l,ﬁ'l,u‘izﬁugamn) pgnafdenuludnslszne [(15] linuindeiitu
Iuﬂﬁju blaye family ®38 blayy family LAWLITaENInETY beta-lactamase  7ivanen
meropenem l&f lutSanmsng minaseudeanfinuindesiulnafiduiiare betalactamase

Yinane carbapenem & %aﬁuﬁ%’@a%ﬂu blagy, family
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OXA-23 beta-lactamase 1Tuiau lodinvinans carbapenem e [16] LRSS b specific
primer N3UN1E68 blagkaos (primer Qﬂaammulﬁ’ anneal 1818 DNA &21%Wanuad open reading
frame) Hunanginlasdaninsanlinauinlumsrin PCR @195 blagxzs Wiaztduliafiuws

' o A AL & A A o o ¢ . A
wananddizng  dugefidesniurengndemonuiimeludsznalneas  waziimg
NAENUEVBIEGLLLE AUNTNI primers liawsndvld

Han1IaTaANNIndTavasmewuslasn13vin PFGE, ribotyping, uaz RAPD linaaanun
lidanassiu (@ 2) lag ribotyping & anuaansaluntsusnsiialaesiign RAPD
AMUEINNIALENEBRUT Iduna1e §u PFGE flanamunsalunisusnaawuglaaun ud
FUAT M LUT RN IFURIBUNT Tz @ g 9a it An 7 b 1 1@eu wminiwninfienanuin
dql' d' 3 U A 1 ot 6 a 1 v | d‘lv 1 a v o A
Fefiwsnldnngtheliaenuuandrvaimeiuiinniiuniizdadusongudn  udranavilwil
misduanFumumMIma ldifiemzme  udanuduaisldifanuninzasvenaa
atnapnwulanlildsunaudly  adelsfianadayanladaliinmeseubuduldldataaui
Wafifiananainwansved pulsotype HaiilusowusilndBariu auninziininaseudisit

. . A P ) { v )
Multi-locus sequence typing Tiiiluinafiafignwamiianaseunianulnagavassowus
finamInasaulasis PFGE AWaaznaNLLTo LN UNLNIR I TIM IWIWITIA
= g: cf 1 Ap d' v U d' a o 6 A o 1 U
midnmeRiwuintenusnldnngihenaafannmeiufidoiuuwiszuamunagiie

an A =« ! & AL A = A
2093083117 Sadudgrmnmsunsnizansvaadonalsniaesn (clonal spread) Llall3auifioy
Fayaa1n Journal of Clinical Microbiology fld@fuwunawlasnguiniduas Dr. Patrice
Nordmann W&@InN5LT Apal restriction enzyme luns@a chromosomal DNA Na@nmN

% a ¥ -~ . o o o [ ' o
ANMNFNNUSVEITD A. baumannii [17] TIWLINAHAG  W&INN¥IN PFGE wadiafiuenleaain
Usznalne'lald Apal enzyme Wwwdsns  wuintefionuluasdssinadusinazunsnszans
ldandszinalng namanesauiadauaaslilugdf 11 uaz 15 wazmavh PFGE lékasanan
Aaudninannang ulinzwy repetitive patterns 5N @1aWBRTUNANIATIIUAZNTUL AN
2aNe 2 WUU fa
1) daflanunaInrauvad pulsotype IANIINANANTALLY @190 repetitive patterns U89
ribotypes WEAIINL TR dynamic change 83y genome g3 uwaz/%3a PFGE & power of
discrimination gufiwld  n3 PFGE rfuiBany 100 snowufanaldmanziiazshundszidiv

A . ANy o & & L= [y
cluster #38 evolution Va4LTale AIHUNITATIV PFGE 2a3l&a A. baumannii IUANNZRUALNNT
RUFIBNNTIZLNG  (outbreak) (wT9IaNaHg  NINNIINLIINANBBaNALNNINNTIIAN
G9NHANN
2) 8 A baumannii fimiuwiszinaenanidld  @anuduldldgeinzauninszasan
UrinelnelugissimedTaag) qsgua 15,
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Kb M 0123 4 56 7 Thai

3Uf 15. na PFGE Uszinan3sias (ane 0-7) tfiufvaslng (ane 7 91n3ud 11 E) [17]

= wn & . . A A & . . .

midnmamuantanIaes rifampin wodusefuenldludszinalng dadew rifampin

v ¢ s & AKX ) KR o A Aa A o &
nnaewut wandwidenfaluszdugeiiofassr 38 lasamawuiwtelitn ar-2 Nedvaulsd
0 . . 1 dq’ dl 1 1 =1 ~ o dq, >
rifampin ribosyltransferase &1wTafias19lainud1d a2 gene fAidadasnldluszaugs nIaTa
mutation hotspot 2849 % rpoB Aliwuiiiminmewusidusiiafien lisunndvld dmuddes
a = oA = & . i e A
insfnmdaifiasfisnalnnsdenn rifampin luenguilde’ly

msninsasaRunludsdszinalilsen ritampin srusnsdn lddrenvensiadueg [18-
20] aalglildna wiaauasliRnuisaneadiin (clinical trial) WWaBudwingn1sals rifampin
combination baw3a bl

g1 polymyxins LﬂumjumLmﬁ"l,&ivl,éfﬁmﬂ%maﬂaﬁﬂmmuuﬁ's waeNHEuTNLTe A

R o o ual Y o o v A \ o, A AR o

baumannii 166 siimahnauanldan uddiasdasszimathadesdelavasihe irfelidedgs
A v o e v 1
Idadnalunislta

11 tigecycline Faidugnsfalnisganimabanltludszamalng anhldlsSnsngihe
oAl o \ A& \ = v A A g o o o v A
166 Solaiwudngedas  eadwlsiana nilfonumdadudgarislunsinm anadasiinng

mqumﬂ"ﬁaﬂ’mm%m%@ "lsJ'Lﬁuﬁfm%amfﬂgﬂﬁ'@LﬁaﬂmﬁaLL@iL%aﬁﬂmmﬂm%a?]amvleﬂmdw

a3l
=2 & % A ! & LA

MIANHNA INMNIAaedUIaTHNGN carbapenem VadlTa A. baumannii Nuen'lelu
INANTUATONNNIVINGNFATNIIUNNE  (TWAMINTUATATIIINGIT) SBRUTA dTUms
nagay RAPD, ribotyping #38 PFGE: cluster analysis Wuingaainniisiiuiranianulnaifes
MuvasmsiuiunIzualunadthonaogurs  nalulsawenuadeanu  dalsawenunalu
Uszine NIDUIEN mﬁuﬁ:wudﬂﬁﬂ'ml,wiizmﬂﬁwuﬂs:mﬂ ﬁﬂﬁmmmagﬂﬁm’n 99
aaInInImugulindadalulsanenunafSun infection control  fadasldsumaurdluatng

a s & v v 1 a Y| o &
KRRNKA Gmmwvl,ﬂﬁamﬂ‘mmwwgunyammmamnmw g‘Ylﬂ‘iz@]ll M IUAZNIATIINLTD
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7N A = g . = A Aa A Aada o €d' o %2
lugtheniduislsa (reservoir) wazmifinsifin@aianisnsaramoiuinausasianls
l@aenanunzan (practical use) LNBANBATINIUNIIZLIAYBITEABLNAINENINIBMNIA MARNA
)

N P g L X E
§MIUNIA8EEUIATHNGN  carbapenem  uu  wudnTansnualumeitlalldning
& & { ) v g ¥ [ ' {
metallo-beta-lactamase  (Taifutanlmifivhltizademldluszdugaann)  adsnfinonuly
' & v ea « A A A &
dadszing udiadulngaivenlodnidu class D beta-lactamase Ta1TaBUAILANMIAE
pfagun  chromosome  uazldfimimuenulasaziBsalunsaswnmbui 1w enzyme
kinetic analysis #anNHNA NMTABENALTYLINNNT efflux pumps tunalnfivinlkizaassnlu
AU QLYI% LialTasauNINEINd carbapenem-hydrolyzing enzyme class D beta-lactamase
& mM3@n11 outer membrane protein profiles 34 ki lasuNalseluwiundn N3AENEN protein
FR o \ = & &
efflux pump 39ldnndaaanidieulunsfinmasedt
MIAUWL class 1 integron integrase gene luiadunibaidutayafiuaasliidiuinge
waziidudomnaugannasrialudomsnuinug MuQMINLAYBY  integron  element
MIANBIN resistance gene cassettes ¢ 813¥NT I FIUNTRUFIUATUNITZUNAVRILTD
NIMIuUY vertical transmission Wag horizontal transmission (V83 resistance determinants)

- [y @ . A :
LNAR NI 2INNITUNITEUIANL AU RN G E]VL‘]_I
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Sir.

Navon-Venezia er al.' recently reported high tigecycline
resistance in multidrug-resistant Acinetobacter baumannii. The
activity of tigecycline against A. baumannii was determined
by disc diffusion method and Etest. The breakpoints for sus-
ceptibility were an inhibition zone diameter >19 mm and
MIC <2 mg/L. They found that 66% of the isolates were
resistant to tigecycline and that the MICsy and MICq, values
of tigecycline were 16 and 32 mg/L, respectively, with a wide
MIC range of 1-128 mg/L. All the Etest MIC values
measured in the resistance range correlated 100% with inhi-
bition zone diameters using the disc diffusion method with
tigecycline discs.

We would like to describe our experiences in conducting
in wvitro activity of tigecycline against 148 isolates of
Acinetobacter spp. isolated [rom dilferent infected patients
hospitalized at Siriraj Hospital, Bangkok, Thailand during
2002-2005. These isolates were resistant 1o all B-lactams,
aminoglycosides and fluoroquinolones. /n virro susceptibility
of Acinetobacter spp. to tigecycline was determined by
Kirby-Bauer disc diffusion, Etest and broth microdilution
methods. Paper discs containing 15 g of tigecycline per disc
(Becton Dickinson, USA), Etest strips (AB BIODISK,
Sweden) and Gram-negative MicroScan MIC panels (Dade
Behring Inc., USA) were provided by Wyeth Research. The
methodology for susceptibility testing was determined by
direct colony suspension according to the guidelines suggested
by the CLSI> Quality control was performed by testing the
susceptibility of Escherichia coli ATCC 25922,

We found that the MICso and MICgq values of tigecycline for
Acinetobacter spp. determined by Etests were 2 and 4 mg/L,
respectively. The MICs, and MICgq values of tigecycline for
Acinerobacter spp. determined by the broth microdilution
method were 0.5 and 1 mg/L, respectively. If the MIC of tigecy-
cline at <2 mg/L was a breakpoint for tigecycline susceptibility,
97.3% and 72.3% of the isolates were susceptible to tigecycline
as determined by the broth microdilution method and Etest.
respectively. If the inhibition zone diameter at >19 mm was a
breakpoint for tigecycline susceptibility, only 44.6% of the iso-
lates were susceptible to tigecycline, as shown in Table 1. There
was a significant correlation between inhibition zone diameters

JAC

and MICs determined by the broth microdilution method
(P<0.001, r=—0.8) and between MICs of tigecycline deter-
mined by the Etest and broth microdilution method (P < 0.001,
r=0.9). The inhibition zone diameter at >13 mm in predicting
susceptibility of Acinetobacter spp. to tigecycline determined by
the broth microdilution method is the most accurate breakpoint.
as shown in Table |. If the MIC of tigecycline determined by
the broth microdilution method at <2 mg/L. was considered a
breakpoint for tigecycline susceptibility, the inhibition zone
diameter at >13 mm had a sensitivity of 99% and a specificity
of 100% in predicting the susceptibility of Acinetobacter spp. to
tigecycline.

The MICs, and MICy, values of tigecycline for
Acinetobacter spp. determined by the broth microdilution
method from our study were comparable with the results from
the previous studies on the in vitro activity of tigecycline
against A. baumannii using the same method.” = However, our
findings indicated that there was a discrepancy in susceptibility
results of tigecycline against Acinetobacter spp. among differ-
ent methods of testing. The MICs determined by the Etest were
usually 4-fold higher than those determined by the broth
microdilution method and Etest might not be an accurate
method for in virro susceptibility testing of tigecycline against
Acinetobacter spp. Moreover, our study also observed that the
US FDA-approved breakpoint of tigecycline against
Enterobacteriaceae, an inhibition zone diameter of >19 mm,
was not applicable to tigecycline against Acinetobacter spp.
The breakpoint for an inhibition zone diameter of >13 mm was
more accurate in predicting susceptibility of Acinetobacter spp.
to tigecycline with a sensitivity of 99% and a specificity of
100%. Our observations were similar to those reported by
Jones et al® They tested 103 contemporary clinical
Acinetobacter spp., including multidrug-resistant strains, by
reference broth microdilution and disc diffusion (15 pg disc
content) methods against tigecycline. Applying tigecycline
breakpoint at <2 mg/L and disc diffusion breakpoints at >19
and <I4 mm (susceptible and resistant) to Acinerobacter spp.
led to an unacceptable error rate (23.3%). However, an adjust-
ment of tigecycline disc diffusion breakpoints (susceptible/
resistant) to >16/<12 mm reduced intermethod errors to an
acceptable level (only 9.7%. all minor). Therefore, the inter-
pretative criteria of inhibition zone diameter breakpoint for
tigecycline against Acinerobacter spp. should not be >19 mm.
The mechanisms for having smaller inhibition zones and lower
MICs of tigecycline for Acinetobacter spp. tested by solid agar
methods should be explored. The aforementioned observations
warrant a clinical study to determine the efficacy of tigecycline
for therapy of Acinerobacter spp. infections in order to con-
sider whether such proposed breakpoints and appropriate
testing method are valid.

A high tigecycline resistance in multidrug-resistant A. bau-
mannii reported by Navon-Venezia er al. could be due to the
methods they used. disc diffusion method and Etest. However,
they also found a slight variation in tigecycline susceptibility
among different pulsotypes of A. baumannii isolates and this
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Table 1. Accuracy of the inhibition zone diameter at >13 and >19 mm in predicting the susceptibility of Acinetobacter spp. to tigecycline

Inhibition zone diameter {(mm)

MIC <2 mg/L (broth microdilution)

MIC >2 mg/L (broth microdilution)

>13 143 (96.6%) 0
<13 1(0.7%) 4 (2.7%)
>19 66 (44.6%) 0
<19 78 (52.7%) 4 (2.7%)

might explain a discrepancy in tigecycline susceptibility in
A. baumannii isolates from Israel and other countries.
Acknowledgements
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ABSTRACT
One hundred clinical isolates of Pseudomonas aeruginosa and 100 clinical isolates of Acineto-
bacter baumannii resistant to cephalosporins, carbapenems, beta-lactams plus beta-lactamase inhibitors,
aminoglycosides, fluoroquinolones were tested for susceptibility to polymyxin B and polymyxin E by disk
diffusion. All isolates were susceptible to polymyxin B and polymyxin E. Polymyxins should be considered

for therapy of patients infected with multi-drug resistant A. baumannii or P. aeruginosa in Thailand. (J Infect

INTRODUCTION

Hospital acquired infections in Thailand are
usually caused by gram-negative bacilli.! Pseudo-
monas aeruginosa and Acinetobacter spp. caused
infections in 14 percent and 8 percent of hospitalized
patients. Infections caused by gram-negative bacteria
resistant to all available antibiotics in Thailand were
not uncommon.? In 2002, 57 percent of 4. baumannii
isolated from infected hospitalized patients in Siriraj
Hospital were multi-drug resistant and the mortality
rate of such patients was higher than 50 percent.?

Carbapenem-resistant 4. baumannii was found to

produce the OXA-23, OXA-40, IMP-4, IMP-5, or
VIM-2 enzymes.*’ Over the past few years, there have
been reports on treating patients infected with multi-
drug resistant P. aeruginosa and A. baumannii with
polymyxin E (colistin) or polymyxin B with a response
rate of 57- 88 percent, and 12-27 percent of the patients
developed nephrotoxicity.®!' Since polymyxin E
(colistin) and polymyxin B are not currently available in
Thailand, it is reasonable to investigate whether multi-
drug resistant P, aeruginosa and A. baumannii isolated
from Thai patients are susceptible to polymyxins
before recommending them for

therapy in Thailand.
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The objective of the study was to determine the
in vitro activity of polymyxin B and polymyxin E
against multi-drug resistant P. aeruginosa and A.
baumannii isolated from hospitalized patients in Siriraj

Hospital.

MATERIALS AND METHODS
1. Bacterial isolates:

P, aeruginosa (100 strains) and A. baumannii (100
strains) isolated from different hospitalized patients in
Siriraj Hospital, Bangkok, Thailand, from September
2001 to December 2003 were studied. All strains were
resistant to cephalosporins, carbapenems, beta-lactams
plus beta-lactamase inhibitors, aminoglycosides and
fluoroquinolones.

2. In vitro susceptibility test:

Polymyxin B and E susceptibility tests were
performed by standard disk diffusion technique' using
a 300 IU polymyxin B and a 10 ug polymyxin E disks
(BD Biosciences, Sparks, Md.). The bacterial strains
were considered susceptible if the inhibition zone was
12 mm or greater for polymyxin B and 11 mm or greater

for polymyxin E.

RESULTS
All strains of multi-drug resistant P. aeruginosa
and A. baumannii were susceptible to polymyxin B
and polymyxin E, with inhibition zones of greater than

14 mm.

DISCUSSION

Polymyxins, cationic detergent compounds,
are active against most of aerobic gram-negative
bacteria except Proteus spp., Burkholderia cepacia,
Neisseria spp., Serratia marcescens, Stenotrophomonas
maltophilia, Providencia spp."”> The mechanism of
action of polymyxins is to disrupt outer and cytoplasmic
membranes of the sensitive organisms. Only polymyxin
B and polymyxin E are used for therapy of infections.
Resistance to polymyxins is difficult to develop.
Polymyxin B and polymyxin E show near-complete
cross-resistance. Two types of resistance to polymyxin

B have been observed in P. aeruginosa: low level

Sep.-Dec. 2003

transmissible mutation and high-level stepwise
resistance. Nephrotoxicity due to polymyxins was
found to be common in early days. Therefore, the use
of polymyxins has been unpopular over the past several
decades when other safer anti-gram-negatives have
been available including cephalosporins, carbapenems,
beta-lactams plus beta-lactamase inhibitors, amino-
glycosides and fluoroquinolones.

Emergence of hospital-acquired infections caused
by gram-negative bacteria especially A. baumannii
and P. aeruginosa resistant to all aforementioned
antibiotics has been more and more prevalent over

14

the past decade.'* Most of multi-drug resistant A.
baumannii and P.aeruginosa isolates were usually
sensitive to polymyxins and polymyxins were found
to be effective and rather safe in patients infected with
these organisms.®!' All isolates of A. baumannii and
P. aeruginosa from Thai patients in this study were
susceptible to polymyxins. Therefore, polymyxins
should be considered for therapy of patients infected
with multi-drug resistant 4. baumannii and P.

aeruginosa in Thailand.
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ABSTRACT

Objective: To determine the epidemiology of A.baumannii infections in Siriraj Hospital in 2002.

Methods: From January to December 2002, we prospectively studied hospitalized patients in Siriraj Hospital who had
A.baumannii isolated from their clinical specimens.

Results: During the study period, A.baumannii was isolated from clinical specimens of 208 cases. Eighty-six patients (41.3%)
had A.baumannii infections whereas 122 patients (58.7%) had A.baumannii colonization. Of the 86 patients with A.baumannii
infections, 54.7% were males and 45.3% were females. The mean age of patients was 56.1 years. Ninety-eight percent of the
infections were hospital-acquired. The patients developed infection after an average of 26 days of hospitalization. Fifty-two
percent of the patients were in the general wards, whereas 48% of them were in ICU. The common sites of infection were
respiratory tract and skin and soft tissues. Factors associated with A.baumannii infection were identified in 98.8% of the patients.
The most common factors were prior use of antibiotics especially ceftazidime and indwelling medical devices. The susceptibility
of A.baumannii to carbapenems, aminoglycosides, beta-lactam/ beta-lactamase inhibitors, co-trimoxazole, fluoroquinolone, 4"
generation cephalosporins and 3" generation cephalosporins was 32%, 16%, 12 %, 9%, 7%, 4% and 3%, respectively. Fifty-
seven percent of A.baumannii isolates were resistant to all antimicrobials currently available in Thailand. The overall mortality
rate of the patients infected with A.baumannii was 54.7%.

Conclusion: Most A.baumannii infections in Siriraj were hospital-acquired. The most common site of infection was the
respiratory tract. The majority of A.baumannii isolates was multi-drug resistant. The mortality rate of A.baumannii infections
was high.

Keywords. Acinetobacter baumannii infections; Epidemiology
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cinetobacter spp. is aerobic gram negative bacilli.

Healthy individuals can harbor this organism on

their skin especially over the moist areas. Skin
colonization rate of in hospitalized patients was signifi-
cantly more than that in healthy individuals."” This obser-
vation implies that the patients should acquire the orga-
nism while hospitalization. Acinetobacter spp. is also com-
monly found in hospital environments and it can be trans-
mitted to the patients via hospital personnel and contami-
nated instruments or devices."> Acinetobacter baumannii
is the most common species of Acinetobacter causing
infections in human. Over the past decade, there have
been many reports on Acinetobacter spp. as a common
causative pathogen in intensive care unit patients and the
infection was associated with indwelling medical devices,
e.g., ventilator-associated pneumonia, catheter-associated

Correspondence to: Visanu Thamlikitkul
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urinary tract infection, blood stream infection associated
with intravascular devices."” Acinetobacter spp. is usually
resistant to many antibiotics including cephalosporins,
aminoglycosides and fluoroquinolones due to various
resistance mechanisms.” Acinetobacter spp. is one of the
most common causes of hospital acquired infections in
Thailand.” To our knowledge there has been no report on
epidemiology of Acinetobacter baumannii infections in
Thailand. Therefore, this study attempted to determine the
clinical features, risk factors, clinical course and outcomes
of patients infected with A.baumannii in Siriraj Hospital
in 2002.

MATERIALS AND METHODS

This is a prospective study conducted in Siriraj Hos-
pital, a tertiary care university hospital, from January to
December 2002. The hospitalized patients who had A.
baumannii isolated from their clinical specimens submit-
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TABLE 1. Underlying diseases of 86 patients with A.baumannii
infections.

Diseases N (%)*
Cerebrovascular disease 27 (31.4)
Hypertension 24 (27.9)
Diabetes mellitus 23 (26.7)
Cancer 14 (16.3)
Chronic renal failure 14 (16.3)
Ischemic heart disease 10 (11.6)
Chronic obstructive pulmonary disease 9 (10.5)
Neutropenia 4 4.7)
Cirrhosis 1 (1.2)
Others 23 (26.7)

* The patient could have more than one disease.

ted to Microbiology Laboratory were notified to the
investigators. Then clinical information and microbiologi-
cal information of the patients were collected, and the
patients were followed until they left the hospital or died.
The collected information was analyzed by descriptive
statistics.

RESULTS

A. baumannii was isolated from clinical specimens of
208 patients during the study period. Eighty-six patients
(41.3%) were infected, i.e. the patients who had clinical
features of infection at the site where A. baumannii was
isolated, whereas 122 (58.7%) were colonization, i.e., the
patients who did not have clinical features of infection at
the site where A. baumannii was isolated or the patients
who had clinical features of infection at the site where the
organism was isolated but the infection was caused by
other organisms. Patients with A. baumannii infections
were males in 54.7% and the mean age was 56.1 years
with a range from 6 days to 91 years. Ninety percent of
A. baumannii infected patients had underlying diseases as
shown in Table 1. The common underlying diseases were
cerebrovascular diseases, hypertension and diabetes melli-
tus. Forty-eight percent of the patients were hospitalized
in general wards whereas 52% were in intensive care
units. The patients were admitted to medical, surgical and
pediatrics department in 61%, 23% and 9%, respectively.
Almost all infections (97.7%) were hospital-acquired: which
were those occurred in patients after hospitalization for
longer than 48 hours. Almost all patients (98.8%) had
factors that might be associated with A. baumannii in-
fections as shown in Table 2. The most common factors

TABLE 2. The factors associated with A.baumannii infections
in 86 patients.

Factors N (%)*
Antibiotics 85 (98.8)
Peripheral intravascular devices 82 (95.3)
Urinary catheter 73 (84.9)
Nasogastric tube 69 (80.2)
Endotracheal tube 62 (72.1)
Ventilator 62 (72.1)
Surgery 39 (45.3)
Central intravascular devices 38 (44.2)
Immunosuppressives 9 (10.5)
Chemotherapy 5 (5.8)
Parenteral nutritution 5 (5.8)
Others 27 (31.4)

* The patient could have more than one factor.
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TABLE 3. The sites of A.baumannii infections in 86 patients.

Sites of infection N (%)*
Respiratory tract 59 (68.6)
Skin and soft tissues 17 (19.8)
Bacteremia 6 (7.0)
Urinary tract 4 (4.7)
Nervous system 3 (3.5
Gastrointestinal tract 3 (3.5)
Others 1 (1.2)

* The patient could have more than one site of infection.

were prior use of antibiotics especially ceftazidime and
indwelling medical devices. The patients developed infec-
tions after an average of 26 days of hospitalization. The
sites of A. baumannii infections are shown in Table 3.
The common sites were respiratory tract and skin and soft
tissues. Seventy-one percent of the patients had A. bau-
mannii as a single pathogen, whereas 29% had mixed
infections with others such as Pseudomonas aeruginosa
and Staphylococcus aureus. Patients with respiratory tract
infections tended to have mixed infections more often
than infections in other sites. Almost all patients (98.8%)
received various antibiotics prior to having A. baumannii
infections as shown in Table 4. Ceftazidime was an anti-
biotic commonly given to the patients. The susceptibility
of A. baumannii to carbapenems, aminoglycosides, beta-
lactam/ beta-lactamase inhibitors, co-trimoxazole, fluoro-
quinolone, 4" generation cephalosporins and 3" genera-
tion cephalosporins was 32%, 16%, 12 %, 9%, 7%, 4%
and 3%, respectively. A. baumannii was resistant to all
antimicrobials currently available in Thailand in 57% of
the isolates. The patients with A. baumannii infections
were usually treated with meropenem, imipenem and
cefoperazone/sulbactam as shown in Table 5. The overall
mortality rate of patients infected with A. baumannii was
54.7% and most of them died of multi-drug resistant A.
baumannii infections. The mortality rate in those patients
infected with pan-drug resistant A. baumannii was higher
than those infected with sensitive strains.

DISCUSSION

Our study found that less than 50% of the patients
whose A. baumannii was present in their clinical speci-

TABLE 4. Antibiotics given to the patients prior to developing
A.baumannii infections in 86 patients.

Antibiotics N (%)*
Ceftazidime 28 (32.6)
Meropenem 21 (24.4)
Ceftriaxone 18 (20.9)
Amikacin 14 (16.3)
Vancomycin 14 (16.3)
Imipenem 11 (12.8)
Metronidazole 11 (12.8)
Cefoperazone/sulbactam 10 (11.6)
Ciprofloxacin 9 (10.5)
Cefotaxime 7 (8.1)
Netilmicin 7 (8.1)
Clindamycin 6 (7.0)
Cefepime 5 (5.8)
Amphotericin B 5 (5.8)
Fluconazole 1(1.2)
Others 23 (26.7)

* The patient could have more than one antibiotic.



TABLE 5. Antibiotics for treating A.baumannii infections in 86
patients.

Antibiotics N (%)*
Meropenem 23 (26.7)
Imipenem 14 (16.3)
Cefoperazone/sulbactam 9 (10.5)
Amikacin 8 (9.3)
Netilmicin 5 (5.8)
Ciprofloxacin 4 (4.7)
Ceftazidime 3 (3.5)
Others 29 (33.7)

* The patient could have more than one antibiotic.

mens were infections, whereas the majority were coloni-
zation. Therefore, healthcare providers should be aware of
this observation and should avoid antibiotic treatment of
patients with A. baumannii colonization. Acinetobacter
spp.- has been recognized as an important nosocomial
pathogen over the past decade. It is usually resistant to
many antibiotics empirically used for infections caused
by other aerobic gram negative bacilli such as cepha-
losporins. As a result, the mortality of patient infected
with Acinetobacter spp. is rather high. A report in Thai-
land revealed that Acinetobacter spp. was the most com-
mon cause of ventilatory associated pneumonia in a uni-
versity hospital.” Our study observed that A. baumannii
infections are more common in middle-age males. How-
ever, the patients could be babies and the elderly as seen
in other studies.”"" This study also confirmed the observa-
tions made by others that almost all patients infected with
A. baumannii were hospitalized longer than 48 hours.
The other two patients who developed A. baumannii in-
fections within 48 hours of hospitalization were those
who were transferred to Siriraj Hospital from other hospi-
tals. However, our study revealed that A. baumannii in-
fections were similarly distributed in general wards and
intensive care units (ICU) that was different from other
studies.'" This discrepancy could be explained by the fact
that many patients in general wards in Siriraj Hospital
were seriously ill but they were unable to be transferred
to ICU due to a limited number of ICU beds. The average
duration of hospitalization until developing A. baumannii
infections in our study was 26 days that was longer than
10 to 14 days found in other studies.*'*" However, is
has been found that a long duration of hos]i‘)italization was
associated with A. baumannii infections.”'* Although A.
baumannii can cause infections in any organs, the com-
mon sites of infections seen in our study were respirato
tract and skin and soft tissues similar to other studies.'®
Factors found to be associated with A. baumannii infec-
tions were, namely: cancer, indwelling medical devices,
antibiotics, parenteral nutrition, surgery, severe underlying
diseases and duration of hospitalization.””"” Our study also
observed that antibiotics, especially ceftazidime, and
indwelling medical devices were common in patients in-
fected with A. baumannii. In vitro susceptibility of A.
baumannii revealed that the pathogen was usually resis-
tant to antibiotics active for other aerobic gram negative
bacilli and more than 50% of the isolates were resistant to
all antibiotics currently available in Thailand. Therefore,
antibiotics to be used for treating A. baumannii infections
were limited. These included carbapenems, aminoglycosides
and beta-lactam/ beta-lactamase inhibitors. An overall
mortality of patients with A. baumannii infections was
54.7% and most of them died of multi-drug resistant A.
baumannii infections. Polymyxins were found to be safe
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and effective for treatment of multi-drug resistant A.
baumannii infections.'® In vitro studies of polymyxins against
A.baumannii resistant to all antibiotics currently available
in Thailand revealed that all isolates were susceptible to
polymyxins.17 Polymyxin E has just been available in
Thailand since January 2005 and the clinical trial on
safety and efficacy of polymyxin E for treatment of
A.baumannii infections is being conducted in Siriraj
Hospital. New antibiotics such as glycylcycline were found
to be active against multi-drug resistant A.baumannii and
these antibiotics should have a role in treatment of
A.baumannii infections in the near future.
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In Vitro Activity of Tigecycline against Clinical Isolates
of Multidrug-Resistant Acinetobacter baumannii in
Siriraj Hospital, Thailand
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In vitro activity of tigecycline against 148 strains of Acinetobacter baumannii isolated from different
patients hospitalized at Siriraj Hospital, Bangkok, Thailand during 2002 to 2005 was conducted. These
isolates were resistant to beta-lactams, aminoglycosides and fluoroquinolones. In vitro susceptibilities were
determined by Kirby-Bauer disk diffusion, E-test and broth microdilution methods. The MIC,, and MIC,,
values of tigecycline against A. baumannii determined by the broth microdilution method were 0.5 and 1 mg/
L respectively. The MICs of tigecycline determined by E-test were 4-fold higher than those from the broth
microdilution method. An inhibition zone of > 13 mm was well correlated with a tigecycline MIC of < 2 mg/L
and had a sensitivity of 99% and a specificity of 100%. The study results indicated that 97.3% of MDR A.
baumannii strains isolated from the patients hospitalized at Siriraj Hospital were susceptible to tigecycline.
Tigecycline may prove to be an important antibiotic for treatment of multidrug-resistant A. baumannii infec-

tions in Thailand in the near future.
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Acinetobacter baumannii has emerged as a
worldwide problem in causing infections in
hospitalized patients>. 4. baumannii is one of the
most common causative pathogens in nosocomial
pneumonia, bacteraemia, urinary tract infections, and
skin and soft tissue infections, and the mortality asso-
ciated with these infections is high. The incidence of
infections caused by multidrug-resistant (MDR)
pathogens, particularly Acinetobacter baumannii and
Pseudomonas aeruginosa, in Thailand has dramati-
cally increased®. A prospective study of 208 clinical
isolates of A. baumannii recovered from patients in
Siriraj Hospital from January to December 2002 revealed
that 86 strains (41.3%) were isolated from infected
patients and the remaining 58.7% were colonizers®. In
this study, 57% of A. baumannii isolates were resis-
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tant to all antimicrobial agents available in Thailand
including beta-lactams, aminoglycosides and fluoro-
quinolones, and the overall mortality rate of the
patients infected with pandrug-resistant A. baumannii
was 79%. The study of 104 clinical isolates of 4.
baumannii from 100 hospitalized patients at Maharaj
Nakorn Chiang Mai Hospital, Thailand also observed
that 46% of the isolates were pandrug-resistant and
the overall mortality was 52%©®. The only available
antibiotic effective for treating infections caused by
A. baumannii resistant to all beta-lactams,aminoglyco-
sides and fluoroquinolones is colistin®, hence a search
for new agents effective against MDR 4. baumannii is
needed.

Tigecycline is a glycylcycline antibiotic that
shows promising activity against a wide range of
organisms including multi-drug resistant gram posi-
tive cocci and gram negative bacilli®. The objective of
the study was to determine in vitro activity of tigecyc-
line against clinical isolates of MDR A. baumannii in
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Siriraj Hospital, Thailand.

Material and Method

One hundred and forty-eight strains of 4.
baumannii isolated from different infected patients
hospitalized at Siriraj Hospital, Bangkok, Thailand
during 2002 to 2005 were included. These isolates were
resistant to all beta-lactams, aminoglycosides, and
fluoroquinolones. In vitro susceptibilities of MDR 4.
baumannii to tigecycline were determined by Kirby-
Bauer disk diffusion, E-test, and broth microdilution
methods. Paper disc containing tigecycline 15 ug per
disk (Becton Dickinson, USA), E-test strips (AB
BIODISK, Sweden) and gram negative MicroScan MIC
panels (Dade Behring Inc., USA) were provided by
Wyeth Research. The methodology for susceptibility
testing was done by direct colony suspension accord-
ing to guidelines suggested by CLSI ©. Quality con-
trol was performed by testing the susceptibility of E.
coli ATCC 25922 as recommended by Wyeth Research.

Results

A distribution of inhibition zone diameters of
tigecycline against A. baumannii is shown in Table 1.
The MIC, and MIC, values of tigecycline against 4.
baumannii determined by E-test were 2 and 4 mg/L
respectively. The MIC, and MIC, values of tigecycline
against 4. baumannii determined by the broth
microdilution method were 0.5 and 1 mg/L respectively.
There was a significant correlation between inhibition
zone diameters and MICs determined by the broth
microdilution method (p<0.001, r=-0.8), and between
MICs of tigecycline determined by E-test and MICs
determined by the broth microdilution method (p<0.001,
r=0.9). The accuracy of the inhibition zone diameter of
>13 mm in predicting susceptibility of 4. baumannii to
tigecycline is shown in Table 2. If the MIC of tigecycline
at <2 mg/L was considered as a breakpoint for
tigecycline susceptibility, the inhibition zone diameter
of>13 mm had a sensitivity of 99% and a specificity of
100% in predicting the susceptibility of 4.baumannii
to tigecycline and 97.3% of MDR A.baumannii were
susceptible to tigecycline.

Discussion

The previous studies on the in vitro activity
of tigecycline against A.baumannii by the broth
microdilution method revealed that the MIC,  and the
MIC,, for tigecycline were 0.5-1 and 2 mg/L respec-
tively, and more than 90% of these isolates had MICs
<2 mg/L and were considered susceptible to

J Med Assoc Thai Vol. 89 Suppl. 5 2006

tigecycline!'® 'V, Carbapenem-resistant A. baumannii
isolates were still susceptible to tigecycline with
comparable MICs to the aforementioned values!> '),
However, in vitro activity of tigecycline against A.
baumannii by the agar dilution method observed that
the MIC,, and the MIC for tigecycline against
A.baumannii were 8 and 8 mg/L respectively?. These
findings implied that the different methods of in vitro
susceptibility testing of tigecycline against A.
baumannii might yield different results. The
breakpoints for the inhibition zone diameter and MIC
of tigecycline against A.baumannii are not available.
The US FDA-approved breakpoints of tigecycline
against Enterobacteriaceae to be used by the local
laboratory were inhibition zone diameter >19 mm and a
MIC<2 mg/L®. The previous studies on in vitro
activity of tigecycline against A. baumannii used such
a MIC breakpoint'™'¥. It is not known if the testing
methods used in general microbiology laboratories, disk
diffusion and E-tests, are accurate in predicting the
MICs of tigecycline against A. baumannii.

The MIC,, and the MIC,, of tigecycline
against 4. baumannii determined by the broth
microdilution method observed in our study were
similar to those reported in the literature!'*'¥and 97.3%
of MDR A. baumannii isolated from the hospitalized
patients at Siriraj Hospital were susceptible to
tigecycline. However, our findings indicated that there
was a discrepancy in the susceptibility results of
tigecycline against 4. baumannii for the different

Tahle 1. Distrilbution of the inhibition z2one diaveter of
tigecycline against 148 isolates of MR A.
baumarnnii

Inhibition Zone Diameter Number of Isolates

(mm) (%)
11 1(0.7)
12 4(2.7)
13 4(2.7)
15 8(5.4)
16 11 (7.4)
17 20 (13.5)
18 34 (23.0)
19 21(14.2)
20 17 (11.5)
21 16 (10.8)
22 8(5.4)
23 3(2.0)
26 1(0.7)
S103



Table 2. Accuracy of the inhibition zone diameter of >13 mm in predicting the susceptibility of A.baumannii to tigecycline

MIC (MicroScan) <2 mg/L MIC (MicroScan) > 2 mg/L
Inhibition Zone Diameter >13 mm 143 0
Inhibition Zone Diameter <13 mm 1 4

methods of testing. The MICs determined by E-test
were usually 4-fold higher than those determined by
the broth microdilution method and E-test might not be
an accurate method for in vitro susceptibility testing of
tigecycline against 4. baumannii. Moreover, our study
also observed that the US FDA-approved breakpoint
of tigecycline against Enterobacteriaceae, to be used
by the local laboratory, of an inhibition zone diameter
>19 mm, was not applicable to tigecycline against A.
baumannii. The breakpoint for an inhibition zone
diameter >13 mm was more accurate in predicting
susceptibility of 4.baumannii to tigecycline with a
sensitivity of 99% and a specificity of 100%. Our
findings of good in vitro activity of tigecycline against
MDR A. baumannii warrant a clinical study to prove
its efficacy and to determine whether such
proposed breakpoint and testing methods are valid.
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