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~—ABSTRACT
The emergence of fluoroquinolone resistance among A. baumannii isolates is now of particular con-
cern. Phenotypic and genotypic characteristics of resistance to ciprofloxacin among 50 Acinetobacter
baumannii isolated from burn wound infections of Tehran were evaluated by E-test and broth micro-
dilution in presence and absence of efflux pump inhibitor phenylalanine- arginine B-naphthylamide
(PABN) and PCR-sequencing methods. All isolates were then typed by REP-PCR fingerprinting to find
the clonal relationship between resistant isolates.
Our results indicated that resistance to ciprofloxacin among A. baumannii isolated from burn infec-
tions in Tehran are high with resistance rate of 100% and ciprofloxacin resistant isolates have a muta-
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("tion of Serine 83 —Leucine in the quinolone resistance determining region (QRDR) of DNA gymse\
subunit A (GyrA). 38% of the isolates showed MIC ranges of 64 to 2512ug/ml and were considered as
highly resistant. We could not detect Par C mutations and plasmid-mediated quinolone resistance A
(qnrA) among ciprofloxacin resistant isolates. When we used the efflux pump inhibitor PABN, MIC of
ciprofloxacin was reduced two-to four folds. REP-type A (25/50; 50%), B (20/50; 30%) and C (10/50;
20%) were the most common REP-types among A. baumannii isolates.

It seems that mutation in GyrA is the main mechanism of resistant to ciprofloxacin among A. bau-
mannii isolates from burn infections and presence of efflux pumps is just secondary target for cipro-
floxacin resistant among A. baumannii in Iran. Regarding with limitation of REP-types detected in

this study, we found good correlation between resistance to ciprofloxacin and REP-types A-C.
-

)
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INTRODUCTION

cinetobacter baumannii is an im-

portant nosocomial pathogen cau-

sing a wide range of infections in

patients in intensive care units

(ICUs) and burn wards (1-2). Effec-
tive treatment of infections caused by this or-
ganism is compromised by a high level of resis-
tance to antimicrobials exhibited by the hospital
strains. The emergence of resistance against
aminoglycoside, carbapenem, and other beta-
lactams in A. baumannii strains has become a
major concern in Iran and other parts of the
world; therefore, a survey on the effect of suit-
able antimicrobial agents against these multi-
drug resistant strains can be beneficial in the
therapeutic process of such infectious agents
(3-6). Until 1988, the new fluorinated quino-
lones presented very good activity against Aci-
netobacter strains and had even a better effect
than the expanded-spectrum cephalosporins
or aminoglycosides (7). However, resistance to
these antibiotics rapidly arose in the clinical
isolates especially in Tehran hospitals (4-5). The
emergence of fluoroquinolone resistance is
now of particular concern, given that relatively
few antimicrobial agents are effective against A.
baumannii isolated from burns wound infec-
tions.

Resistance normally involves chromosomal
mutations in the quinolone resistance determi-
ning regions (QRDRs) of either one or both of
the DNA gyrase or topoisomerase IV (parC)
genes that represent the primary and secon-
dary intracellular targets for this class of antibio-
tics, but a recent study has suggested that a
non-specific efflux pump mechanism could
also contribute to quinolone resistance in A.
baumannii (7-9).

According to the literature review, there are
no comprehensive data regarding the mecha-

nisms of resistance against fluoroquinolone an-
tibiotics such as ciprofloxacin among A. bauma-
nnii isolates in Iran. So, in this study we exa-
mined ciprofloxacin resistance and the mecha-
nisms of resistance including mutation in gyr A,
parC and qnr A and contribution of efflux
pump among different genotypes of A. bauma-
nnii isolated from Tehran hospital of Iran. 4

MATERIAL AND METHODS

Study population

A total number of 50 A. baumannii isolates
were recovered from burns infections during
2010-2012 in Tehran, Iran. The isolates were
non repetitive, meaning that each isolate was
obtained from a particular patient and each pa-
tient was sampled only once. All the isolates
were identified as A. baumannii species by rou-
tine biochemical methods, API20NE system
and by the PCR detection of blaOXA-51-like
gene according to previous reports (4-5,10).

Antimicrobial Susceptibility

MIC of ciprofloxacin was determined by
both E- test and microbruth dilution the results
were explained by CLSI guidelines (11). Test
concentrations for antibiotics were 512 ug/ml,
256 ug/ml, 128ug/ml, 64ug/ml, 32ug/ml, 16ug/
ml, 8ug/ml, 4ug/ml, 2ug/ml, 1 ug/ml, 0.5ug/ml,
0.25 pg/ml, 0.125 ug/ml. Each well of 96-well
microtiter plate contained a total volume of
100ul including antibiotics and Mueller-Hinton
medium with the bacterial inoculums. Micro-
plates were stacked four high, covered in plas-
tic wrap to reduce evaporation, and incubated
at 35°C for 18 to 24 h. Plates were read visu-
ally using an inverted mirror to detect growth at
the bottoms of wells. The lowest concentration
of antibiotic that did not have visible bacterial
growth was defined as the MIC (11).
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Effects of efflux pump inhibitors on cipro-
floxacin resistance.

Susceptibility to ciprofloxacin in the pre-
sence of efflux pump inhibitor was tested as
described previously (12). Susceptibility to ci-
profloxacin was tested in parallel in the presence
and absence of the efflux pump inhibitor PABN.

Following the addition of ciprofloxacin and
the bacterial cell inoculums, 2 ul of the 5-mg/
ml stock of either PABN was added to the mi-
croplate wells (total volume, 100 ul). The rest
of the procedures were carried out like MIC
detection of ciprofloxacin.

PCR amplification and sequencing

The genes gyrA, parC and the plasmid-me-
diated quinolone resistance (qnrA) from highly
ciprofloxacin resistant A. baumannii isolates
were amplified by PCR. DNA extraction was

done by DNA extraction kit (BIONEER Inc, Re-
public of Korea). The following parameters
were used: an initial template denaturation at
95°C for 1 min; 36 cycles of denaturation at
95°C for 30 s, annealing for gyr A at 52°C for 30
s, for parC at 60°C for 60 s and for qnrA at 52°C
for 60 s, an extension step at 72°C for 2 min,
and a final extension at 72°C for 10 min. The
PCR primers for the amplification and sequen-
cing of the gyrA QRDR were as follows: for-
ward, 5-AAATCTGCTCGTGTCGTTCG-3’; re-
verse, 5'-GCCATACCTACAGCAA TACC-3'(3).
The PCR primers for the amplification and se-
quencing of the parC QRDR were as follows:
forward, 5'-AAGCCCGTACAGCGCCGTATT-3’;
reverse, 5'-AAAGTTATCTTGCCATTCGCT-3'(3).
The primers for the amplification of qnrA gene
were as follows: forward, 5’- GGGTATGGATAT-
TATTGATAAAG-3’; reverse, 5'-CT AATCCG-
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DENDROGRAM 1. Distribution of REP types A to C among 19 highly ciprofloxacin resistant A.
baumannii isolated from burn wound infections and their clonal relationship.

164 Maedica ‘ A Journal of Clinical Medicine, Volume 9 No.2 2014



no REP-TYPE MIC CIP pg/ml
1 A 512
2 A 128
3 B 128
4 A 128
5 B 128
6 B 512
7 A 128
8 B 128
9 B 512
10 A 512
11 B 512
12 B 64
13 A 32
14 A 32
15 C 512
16 C 512
17 C 512
18 A 512
19 A 512

TABLE 1. Phenotypic and genotypic characterization of 19 highly ciprofloxacin resistant A. baumannii strains.
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MIC (CIP+
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CIP: ciprofloxacin; PABN: phenylalanine- arginine -naphthylamide

GCAGCACTATTA-3'(3). For typing of the iso-
lates by Repetitive Extragenic Palindromic-PCR
(REP-PCR), the primer pair REP1, 5’- IGCGC-
CCGICATCAGGC-3’ and REP2, 5-ACGTCTTAT-
CAGGCCTAC-3" were used to amplify putative
REP- like elements in the genomic bacterial
chromosomes according to previous report
(10).

Amplified products were confirmed by aga-
rose gel electrophoresis to estimate the PCR
fragment sizes, followed by the sequencing of
both strands of the amplified DNAs using for-
ward and reverse primers. Determination of
the nucleotide sequence or sequencing was
performed by Macrogen Inc., Republic of Ko-
rea. Sequences were aligned and amino acids
were deduced using the ClustalW included in
the Lasergene MegAlign software package v.6.1
(DNA Star, Inc.). 4

RESULTS

he results of this study in both E-test and

broth microdilution showed that 100% of
the isolates were resistant to ciprofloxacin with
MIC ranges of 16-512 ug/ml (MIC50: 32 ug/ml;
MIC90: 64 ug/ml). As shown in Table 1, totally
19 isolates were highly resistant against cipro-
floxacin with MIC ranges of 32- =512 ug/ml.

None of the isolates gave positive PCR re-
sults for gnrA gene. However, amplification of
gyrA yielded PCR products of 344 bp. After re-
moving the primers, the deduced amino acid
sequences of the amplified 304 bp fragment

comprised 101 amino acid residues. Compa-
red with the wild-type A. baumannii gyrA
(ATCC 19606, accession no AF100557), seve-
ral nucleotide substitutions were observed in A.
baumannii isolates, among which only one re-
sulted in amino acid substitution; meaning that
the gyrA QRDR of multidrug resistant A. bau-
mannii isolates showed a single mutation of
Ser- 83—Leu (number corresponding to E. coli
strain K-12, accession no U00096). No muta-
tions were found in the parC gene.

As shown in Table 1, MIC of ciprofloxacin in
isolates with high resistance to ciprofloxacin in
presence of PABN was reduced two- to four
folds. MIC of most isolates reduced at least one
fold. The most isolates that shows highest re-
duced of MIC in presence of PABN was strains
9 and 11 respectively (data was shown in Table
1).

All isolates belong to REP- types A (25/50;
50%), B (15/50; 30%) and C (10/50; 20%) re-
spectively. As shown in Table 1 and Dendro-
gram 1, distribution of REP- types among 19
highly ciprofloxacin resistant isolates with MIC
= 32ug/ml to ciprofloxacin was type A (9/19;
47.4%), type B (7/19; 36.8%) and type C (3/19;
15.8%) respectively. 4

DISCUSSION

esistance of A. baumannii to fluoroquino-
lones has been attributed to changes in the
structure of DNA gyrase or topoisomerase 1V
which are caused by mutations in the gyrA or

Macedica

qnrA
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parC genes, respectively, which lower the affin-
ity of the drug in the enzyme-DNA complex
(9-13).

Among our isolates 19 had ciprofloxacin
MICs equal or greater than 32 ug/ml, indicating
that these isolates were highly resistant to ci-
profloxacin. The result of our sequencing showed
that all ciprofloxacin resistant isolates had only
one mutation in gyrA gene that resulted in Ser-
83 to Leu-83 substitution in Gyr A. This result
on gyr A mutation was similar to previously re-
ports elsewhere. Most studies have empha-
sized that both Gyr A and ParC mutations are
essential for ciprofloxacin resistant phenotype
in A. baumannii isolates (8,12,14). Mutation of
Ser 83—Leu in the QRDR of gyrA seems to be
the most frequent mutation found in the clini-
cal and laboratory quinolone-resistant isolates
of many Gram-negative bacteria including A.
baumannii; thus, our finding provides further
evidence for such a phenomenon (12,14-16).

A second mechanism of resistance has been
described with mutations of chromosomally
encoded drug influx and efflux systems that de-
termine intracellular drug accumulation (4,7,
14); these mutations result in either reduced
production of outer membrane proteins, which
mediate quinolone influx, or stimulation of the
cells” efflux system, which leads to active drug
expulsion. Multidrug efflux pumps have been
recognized as a mechanism of resistance in
Gram-negative bacteria (17-19). Efflux pump
inhibitors have been shown to reverse multi-
drug resistance in A. baumannii isolates (20-
21).

The result of this study showed that the pre-
sence of PABN resulted in two- to four reduc-
tion in the ciprofloxacin MICs in different gen-
otypes of A- to C and non-typable strains and it
appear that its presence did not main mecha-
nisms of ciprofloxacin resistant phenotype.
Similar to other studies the results were focused
on efflux pump inhibitors such PABN. Nearly in
all of these studies PABN reduced two- to four
folds in ciprofloxacin MICs, but it’s not consid-
er as primary mechanism of resistance to fluo-
roquinolones (12,20-21).

Unlike some studies (19,20), in this study
we could not detect any qnrA in our clinical
isolates of Acinetobacter baumannii. None of
the plasmid-mediated Qnr determinants have
been identified so far in non-enterobacterial

Gram-negative species like Acinetobacter bau-
mannii in Iran. These plasmid-mediated deter-
minants have been identified in many Entero-
bacteriaceae species throughout the world
(22).

Specifically, an amino acid substitution at
certain positions in subunits A (GyrA and ParC)
of both DNA gyrase and DNA topoisomerase
IV, due to point mutations in the QRDRs of the
genes encoding these two polypeptides, have
been found to contribute to fluoroquinolone
resistance. In A. baumannii, the most frequent
amino acid substitutions occur at position 83
(Ser-83) of GyrA and at position 80 (Ser-80) of
ParC (7-8,14,24). While changes in GyrA are
necessary for moderate levels of fluoroquino-
lone resistance among clinical isolates of A. ba-
umannii, it seems that coexistence of efflux
pumps are required in order to achieve high
levels of fluoroquinolone resistance (12). U

CONCLUSION

he present study showed that resistance

rate to ciprofloxacin was increased among
A. baumannii strains isolated from burn pa-
tients in Tehran, Iran and single mutation in
QRDRs codon 83 in gyrA was the main mecha-
nism associated with resistance to ciprofloxa-
cin. Although further studies are needed to elu-
cidate the role of over-expression of efflux
pump on ciprofloxacin resistance; however,
efflux pump inhibitors reduced MIC of cipro-
floxacin two- to four folds and also efflux pump
may be considered as the second mechanism
of resistance to ciprofloxacin in A. baumannii
strains. Finally, it is possible that other muta-
tions at the other locations within gyrA, parC,
or other genes contribute to the modulation of
the MIC level since gyr A mutation and efflux
pumps did not entirely explain resistance.
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