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Species that belong to the Acinetobacter calcoaceticus-baumannii(Acb) complex are major causes
of hospital-acquired infections. They are important opportunistic pathogens. These species are
usually multidrug resistant (MDR), and the therapeutic options to treat the infections caused by
these species are limited. In the present study, we investigated fluoroquinolone resistance
mechanisms in 53 ciprofloxacin resistant Acinetobacter species isolates in Chungcheong, Korea.
Antimicrobial susceptibilities were determined using the disk-diffusion method. Detections of
genes and identification of mutations associated with fluoroquinolone resistance were carried out
using PCR and DNA sequencing. In our study, 47 out of 53 ciprofloxacin resistant Acinetobacter
isolates harbored sense mutations at the 83rd residue (serine to leucine) in the gy74 gene as well
as at the 80th residue (serine to leucine) in the parCgene. Among the 47 isolates harboring sense
mutations in gyr4 and parC gene, 44 isolates were A. baumannii and 3 isolates were A. pittii.
Plasmid-mediated quinolone resistance (PMQR) determinants were detected in isolates in our
study. Among the 46 ciprofloxacin resistant A. baumannii isolates, 41 showed type A, B, or F
banding patterns on their REP-PCR profiles. This result suggests that clonal relation and horizontal
spreading of the bacterial isolates have been around hospitals in Chungcheong area. To prevent
colonization and disseminations of fluoroquinolone resistance Acb complex isolates, continuous
investigation and monitoring of antimicrobial resistant determinants of MDR isolates are needed.
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AJ Acinetobacter+5-2] Z@ 0] RIHS| 2|11 9lof o] Al
Ot A X 57} Bl o A AL ek 3]
Fluoroquinolonesi= 4R 0= Tl Alstat T8
A Mol B b el s Q] 3hFA| = cephalosporins 3
aminoglycosides A g AL} H] W) =31 Gt = 7HA]
11 9le] Acinetobacter &=l 212t A8 A =S 91l LefE
oF AR of ek}, Ty} < fluoroquinoloned]] A& Ho]
+ Acinetobacter $<2) & Y E4to] AlA| of 2] et A]
HuEo] A7} =31 QITH4]. Acinetobacter 49l 43 5
& thekel 7] 2 2 fluoroquinolonesol] WS Ueh=d|
ol 2]gt -2 AlxtAl22] d4HA| DNAo| EdAr ol 7t A7 A
U plasmid & &3 4= WARAAE E53o =4 Let
weh, AltAIEES] 4K DNAY B ol 7 Ash= 395
3421 Ao| Gt A7} Aok AAE AT sloh=s FH7]
Edwololct. 7 RIHsHA EdHo 7L B Sk f-4A =
DNA gyrase 245 49} sh= gmd U gmB +4AE
topoisomerase IV E45 493} 8l= parCY parE-3-7AA0]

oE =

[

t}, o] FHARE2 quinolone resistance determining regions
(QRDRs)ZHAL E=2]9= ol f1x[8kaL Ql=d] ¥Hold F-4
Ao o]3f A f 4= fluoroquinolonesy} A¥Fs1A] ¢Fo.
o2 g5tAl ol WS vebiA dot. 53] Acinetobacter <
of &8t FE-2 gl = parC-RAAA] EAWO)7E A=
74 tiH-E fluoroquinolonesel] ALEWAE Holi= Ao
A Slh4l.

P Alat2 plasmid & -3l Tkt =tAoll W& vehd
T A Sk FAAES B53It PlasmidE $-of 8=
quinolone®]] WA4-& YeH =& = A& plasmid-me-
diated quinolone resistance (PMQR) determinants2kal sk
4| olof dgeh= AR A= gar, aad6)- 1b-cr, gepA,
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ogxA X ogxB-5°] Sltt. o] FAA =0l ofl B/ E Thil=
chet .2 fluoroquinolone Bt 7 Al Al o] 2
BIA] S8} = slo] Alato] fluoroquinolone Aol WA
zre = shct, Onr @2 DNA gyrase®} topoisomerase IV &
4] fluoroquinolone E=tAI7F A= Ae Wofsto]
GotAel YateEs  ASHAIXITS
AAC(6")-1b-cr T2 aminoglycoside acetyltransferase &
A= fluoroquinolone Bt AE HHAIA Gt 28-S S5k
= 3t E9F QepA2t OgxAB Tl = H I 5 23} A1 A
fluoroquinolone FHAIE AlHAIE BFEO R REAIFICE
# fluoroquinolone @AI7F 2 ok 4= QS shoHe).
PMQRe| E3}He]= G ARELE plasmidS E3f thoFst w50
= w7 ik 4 qlo] WA-RARES] Bhitelek= WA=
T EAIOIAIRE Acinetobacter 4 &3 Fo| A EEA Bl
=37 QeH7,8].

H A AA AR 02 Acinetobacter &0l 43t £5&
Fo = W7t gol g E ST BaE §lon) 2 4.
baumannii <& =3t o] QLAY carbapenem WA 7|4
of 3ol A Q= 97 tiFEeI AATH3, 4] = el A =
Acinetobacter %0 &% F5& O 3 A= woyt
(1,9] fluoroquinolone &tAol tgh A4+ EETh &
ol Lol A= A A ol A B2l % Acb complex©l £3k= w5
£ -2 = fluoroquinolone Aol tidt /371 4-& ZAF
Sto] & 7ho] g dsk 3 A7 1A S vl A4Sk
fluoroquinolone G=tAlel W< Hol= w5 WA
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(REP-PCR)& Aldto] W +t5:710] 22495 vl 9
&}t DNA fingerprinting ®% % 811491 REP-PCR £4]
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complex®l| &38R= Acinetobacter speciess A2 1%
o}, & Ao A W ) e el A Al 2fskel
ot AAREE R 475 dYeRE Vitek 2®
automated instrument ID system (bioMérieux, Marcy
1'Etoile, France)< ©]-8-8to] YA} & 5= ST, Vitek
2®automated instrument ID system (bioMérieux) 42
37} Acinetobacter4:9) &3 E1 #H5 VIO R2 HF
5792 8l Ac1055F (5'-GTGATAARATGGCBGGTCGT-3')
3l Ac1598R (5'-CGBGCRTGCATYTTGTCRT-3)E AlUA]
2 poBFAAE SHAIA G714 DS 2ABISIH2]. WA o
Al 932E brain heart infusion broth (Difco, Cockeysville,
MD, USA)9f| 5480 37°Coll A 24417F fj et S vl e o =
¥ DNA purification kit (Bioneer, Daejeon, Korea)S A&
slo] DNAS 323131t} AccuPower PCR PreMix (Bioneer)
of| DNA 3:29(2.5 uL), primer 2+ 10 pmol ¥ 755 &3}
Stof F ) 25 plo] §hg-8-ohS THESIT}. GenePro Thermal
Cycler B48D (Bioer Technology Corp. Ltd, China)Z 95°C
oflA] 587t BRSAIZL F, 95°ColA] 30, 52°CellA 40,
72°Coll A 3024 303] % BHSAI7]aL, 72°CollA] 584F A
A HESAIF T ZF2Ee] PCR REg-AREE ethidium bromide”t
Sl 1.5% agarose gelofl Al 30527+ A7) Eslo] R=E &t
o181 et SEAME-S PCR purification kit (Bioneer) & -2
% BigDye Terminator Cycle Sequencing Kit (PE Applied
Biosystems, Foster City, CA, USA)2} ABI PRISM 3730xl
DNA analyzer (PE Applied Biosystems)Z ©]-8-3to] ¢17] A]
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Mueller-Hinton $F48A|(Difco)E& AREslo] amikacin,
gentamicin, aztreonam, cefepime, ceftazidime, cipro-
floxacin, imipenem % meropenem (BBL, Cockeysville, MI,
UsA)ell gt 74=41S Clinical and Laboratory Standards
Institute (CLSD Ao we} Az 24 o g2 kQlskgint
(11]. B=HAE el Escherichia coli ATCC 259229}
Pseudomonas aeruginosa ATCC 27853-& F-A]of| A& s}
S8l =A] Flskait.

X AL A= Acinetobacterspecies”Faminoglycosides,
carbapenems, 335 ¢] cephalosporins 3! quinolones A€ 2]
Gt T 3AE o] Skt Aol WS vkl -5 T A
(multidrug-resistant, MDR) Acinetobacter species® s}
ATHA3I.

3. Quinolone LHAMQIXt &=

QRDRO| Y128t gyrd R parC-H-73712] S| 2F PMQR
determinantsg A&7 18)l 71=9] AMEA|(Table 1)E AHE-
Sto] SR AANTES AT 2-15]. 75 8= 9
SN rpoB-HAAE SEAIE T2k d et 0 & F8]9F DNA
Z22:90(2.5 uL), primer Z} 10 pmol, AccuPower PCR PreMix
(Bioneer) B! S-H75 Sote] ¥ 5] 25 pLo] ¥4

TH=93tE. GenePro Thermal Cycler B48D (Bioer Technology

Table 1. Oligonucleotides used in this study for detection of quinolone resistance determinants

Primer Sequence (5-3) Gene Reference
QRDR mutation detection
gyrA-F AAATCTGCTCGTGTCGTTGG SyrA [12]
gyrA-R GCCATACCTACAGCAATACC
parC-F AAGCCCGTACAGCGCCGTATT parC [12]
parC-R AAAGTTATCTTGCCATTCGCT
PMQR gene detection
QnrA-F AGAGGATTTCTCACGCCAGG gnrA [13]
QnrA-R TGCCAGGCACAGATCTTGAC
QnrB-F GGMATHGAAATTCGCCACTG gnrB [13]
QnrB-R TTTGCYGYYCGCCAGTCGAA
QnrS-F GCAAGTTCATTGAACAGGGT qgnrs [13]
QnrS-R TCTAAACCGTCGAGTTCGGCG
Aac(6)-1b-F TTGCGATGCTCTATGAGTGGCTA aad 6)-1b-cr [14]
Aac(6)-1b-R CTCGAATGCCTGGCGTGTTT
QepA-F CCAGCTCGGCAACTTGATAC gepA [15]
QepA-R ATGCTCGCCTTCCAGAAAA
OgxA-F CTCGGCGCGATGATGCT 0gXA [15]
OgxA-R CCACTCTTCACGGGAGACGA

Abbreviations: F, sense primer; R, antisense primer; M, A/C; H, A/T/C Y, C/T.
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o4 2% agarose gelsell 17|95 ¢ & Slite 140 Image
System (Novusci, Bedfordshire, UK)Z ©]-8-3}o] band#&l
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1. Ciprofloxacin WA Acinetobacter species?| £2]

FAZIZESE & 104 52 Achb complexol 3=
Acinetobacter species”} w2 = Y=t A. baumanni’Z} 56
HEE 7P WUk O ™ A pitti7} 28v9FFE T TR0 2 Wkl
A. nosocomialisi= 2077} &2 =| I}, 9HH A T57
of| whe} #E2] FeRIT=rF thEA Urepst=t e AAellA
= A. baumannii7W46/68) Y= 0 & Wo| Eejx|glom 11

O % A pittii7H16/68) Bl 2= ek, Hhd A1 1
of| A= A. pitti7H8/18) 71 RIHSHA| e|=|9l.om 11 ok
O 2 A nosocomialis?H6/18) wol Eal=|3ict. 7] HA A4
ol HAof| A= Acb complex®l &8= Acinetobacterspecies
7F B GARE RIE R B E ),

o] #FES thite & ciprofloxacinol] thet S+A] 74
ASE ot Al 3 5395 2 465-57(82.1%)2] A. baumannii,
45t5(14.3%)2) A. pittii;, 1830 3757(15.0%)2] A. no-
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socomialis?} ciprofloxacin®] W3S 714111 Q= Ao &l

UH(Table 2). T9F A[#7|7F &<t 22 & 53 o9
ciprofloxacin WAl Acinetobacterspecies % 49357} tHA]
W& B3k oHA A=l E 918l £ col/ ATCC 259229} P
aeruginosa ATCC 27853 w55 Acinetobacterspecies?t &
Ao 0 & 9%7-9] A=tAofl el 7 HARE AIRESES
o} 1 A3} E coli ATCC 259229] tA| A9 %] 2|7
(mm)> Z+7+ amikacin (23), gentamicin (24), aztreonam
(32), cefepime (35), ceftazidime (31), ciprofloxacin (36),
imipenem (30) 9! meropenem (32)¢1 71 0.2 LYERL}; L5 3]
S QUlof| E91t}. P aeruginosa ATCC 27853 T3+ 7 gt
Aol el 23A| 2] 27 (mm)e] amikacin (24), gentamicin
(20), aztreonam (26), cefepime (28), ceftazidime (26),
ciprofloxacin (30), imipenem (26) 3 meropenem (32)= &
T3S o] = A o2 Uehyt,

2. Quinolone LI&QIXt ZE 3 2

ES

% 5395-9] ciprofloxacin WA Acinetobacter speciess
o2 gyrd U parC7a7te] Aol 7L QA1 E &It
7] Sl SRHAAHTST} A7 A BEAS AR A A
baumannii 4431, A. pittii 335+, 12|31 A. nosocomialis
ShatR FAE F 489 57T gyrA S/ s parC A% o &
ol 7R AL QIATHTable 2). ¥ o] 7} EelH 4845
9l Acinetobacter species® A. nosocomialis ¢t w55 A9
St U R] 47 5= gyrAS} parC -7 B0l EA o)
7FA AL QUi H A tol| A B1H gyrd Bl parC-HA &
Hol= o 7] 9] X|3lof| 93] serine ZH7]7} leucine 27| 2 4]
T+ sense mutationC.2 gyrA FAA] 83H A ofu] -k
(serine)¥t parC--A=Fe] SO A ofu] =AHserine)©] leucine
O & X|gke Eol gl

oA B dFollAe 53T ciprofloxacin WA
Acinetobacter speciess HACZ PMQR 421 g,
aad6)- 1b-cr, gepA 3! ogxA-F7AALe] RI=E AR} S8
FTURAANTES ATt o NS KRl H5=3

Uk gle Ao HERET
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3. Ciprofloxacin WA A. baumannii®l 27898 =4
A7 T BelE 4695+2] ciprofloxacin WA A.
baumannii’} 22 ZEN A = U=A1E ERI6H| 26t
REP-PCR& =2¥%t 23} 3 771¢] band HEl(A, B, C, D, E, F
gl G&)o] ERI=AATHFigure 1). EA S0l AW 46 o=+
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Table 2. Antimicrobial susceptibility patterns and characteristics of 53 Acinetobacter spp. isolated from clinical specimens in Chungcheong,
Korea

) Antimicrobial susceptibility QRDR* mutations in PMQR "
Isolate  Acinetobacter spp.
AMK GEN AZT FEP CAZ CP IPM MEM gyrA parC genes

R401 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R402 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R403 A. baumannii R R R R R R R R Ser83Leu Ser83leu -
R404 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R405 A. baumannii R R R R R R R R - - -
R406 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R407 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R409 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R410 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R501 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R502 A. baumannii S | R R R R R R Ser83Leu Ser83Leu -
R503 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R504 A. baumannii S R R R R R R R Ser83Leu Ser83Leu -
R505 A. baumannii S S R R R R R R Ser83Leu Ser83Leu -
R506 A. baumannii S | R R R R R R Ser83Leu Ser83Leu -
R507 A. baumannii S S R R R R S S Ser83Leu Ser83Leu -
R508 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R509 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R510 A. baumannii R R R R R R R R Ser83Leu Ser83leu -
R511 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R512 A. baumannii S S R R R R | | Ser83Leu Ser83Leu -
R601 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R602 A. baumannii R R R R R R R R - - -
R603 A. baumannii R R R R R R R R Ser83Leu Ser83leu -
R604 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R605 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R606 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R607 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R608 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R609 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R610 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R611 A. baumannii S S R | R R S | Ser83Leu Ser83Leu -
R612 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R613 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R614 A. baumannii R R R R R R R R Ser83leu Ser83Leu -
R615 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R616 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R617 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R618 A. baumannii R R R R R R R R Ser83Leu Ser83leu -
R619 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R620 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R621 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R622 A. baumannii R R R R R R R R Ser83leu Ser83Leu -
R623 A. baumannii S S R R R R S S Ser83Leu Ser83Leu -
R624 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
R625 A. baumannii R R R R R R R R Ser83Leu Ser83Leu -
RP401 A. pittii R R R R R R R R - - -
RP402 A. pittii R R R R R R R R Ser83Leu  Ser83Leu -
RP403 A. pittii R R R R R R R R Ser83Leu Ser83leu -
RP404 A. pittii R R R R R R R R Ser83Leu  Ser83Leu -
SN603 A nosocomialis S R R S S R S S - - -
RN401 A nosocomialis R R R R R R R R Ser83Leu - -
RN402 A nosocomialis R R R R R 4 R R - - -

aad6)-1b-cr, gepA X ogxA.

Abbreviations: AMK, amikacin; GEN, gentamicin; AZT, aztreonam; FEP, cefepime; CAZ, ceftazidime; CIP, ciprofloxacin; IPM, imipenem;
MEM, meropenem; S, susceptible; I, intermediate resistant; R, resistant.

*Point mutations in the quinolone resistance-determining regions (QRDRs). TPlasmid-mediated quinolone resistance (PMQR) genes: grr,
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071 55 AR O E TheFt A WA IS 7HAI AL 9
o] AT of| A Y g f-axte] LAt S a vt ek 2.
w2bA] Acinetobacter<:ol| 48 58 O 2 3 3t A| W
AT Hdd g E Aol vl Sasith 2 AtelA=
SR B2 Acb complexe] &3 #FE Ao R
GatA| A FAY fluoroquinolone StAof Tt WAl 7
A 2R oW AcinetobacterE7Fe) Xpo] - vl A5}

[ox]
AT

AL717F B9t & 53 w59 ciprofloxacin WA Acine-
tobacter species’} YAAARTE Holwgl=d 1 3
86.8%° S S= 46957} A. baumanniAct. A. baumannii
@59 ciprofloxacinol] thet Al WSS 82.1%E A.
pittii F14.3%)\Y A. nosocomialis 7+ (15.0%) 5.t} 5HY
ol ==t o] ok E]7H82.4%)2F =T H(79.5%)0ll A K.
1 A AT} FARE S Bolal 9leH16,17]. & At
of| A Be¥l A pittii B A. nosocomialis +552] cipro-
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ciprofloxacin®] tet tHAdE-°] non-A. haumannil v]sl &
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Figure 1. Repetitive element se-
quence-based (REP)-PCR patterns of
genomic DNA from forty-six cipro—
floxacin resistant Acinetobacter bau-
mannii isolates. Land SM is 1 kb DNA
size marker.

SO =2 2 0 2 YEP=t ol= Acinetobacter &5 & 5
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