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Abstract

Aim: To show the prevalence of gnr genes in Entactdria producing a beta-lactamase
resistant to nalidixic acid extended spectrum aipdofloxacin isolated from various
ecosystems such as human, animals and the envinbnMaterials and methods: The
multiresistant Enterobacteria strains (n = 155)enisolated from a selective homemade
medium (Drigalski + 2mg /I of ceftazidime) of digerecosystems (humans, animals and
environments). Resistance to antibiotics (betaalast and quinolones) has been
evaluated by the diffusion method and detectiomeath-lactamases extended spectrum
(ESBL) was carried out as recommended by NCCLS.r&ierization of quinolone
resistance genes (qnr A, gnr B and S gqnr) was peed by multiplex PCR. Results:
high levels of percent resistance to quinolones farmoquinolones (35% to 95%) and
35% to 93.2% respectively to nalidixic acid andreffpxacin were observed. The gnr
gene S was detected in isolates from different y@tems with very high prevalence
strains (95%) in animals. However gnrA and gnr Begewere not detected. Conclusion:
The emergence of new resistance mechanisms adoptsaime strains of Enterobacteria
especially in human and in the environment reprsszithreat to public health.

1. Introduction

Quinolones and fluoroquinolones are the antibiotised worldwide for the treatment
of infectious diseases [1]. They are employed ith lmman and veterinary medicine [2].
The Misuses of any others families of antibioties leontributed to the selection and the
emergence of resistant bacterias to fluoroquina@dhg The carrier quinolone resistance
other than chromosome was first describedKiebsiella pneumoniad3]. Several
mechanisms are involved in fluoroquinolones resistgparticulary the action of the gnr
protein, the inactivation of the antibiotic actwi{Acetylase AAC (6 ') - cr-Ib) and
decrease in intracellar concentration of the aatibi(efflux pump Qep A) [4-5]. The
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prevalence of qnr genes in resistance to quinolaaed genotypic characterization of strains were maddifferent
fluoroquinolones remains increasing high with ptemees specialized units from the Institut Pasteur of eCdtivoire
ranging from 0.2 to 94% [6]. The genetic determtnainthis The strains were isolated by direct inoculationDefgalski
resistance is the qnr gene whose characterist i® beared medium containing 2 mg / L ceftazidime (homemade
by different types of integrons. The importance tbése medium)[9]. The identification of strains was domas
integrons remains in they portability and ability dccelerate API20E galleries.2.5. Antibiotic Susceptibility &trains of
the spread of quinolone resistance [3]. Quinol@sistance is Enterobacteria ESBL
frequently associated with genes of beta-lactamteage such According to standardized flood susceptibility, the
as SHV, TEM, PER, VEB, CTX-M among Enterobacteriaaspiration technique was performed on all strais a
producing extended spectrum beta-lactamases (ESBitge recommended by the Antibiogram's Committee of teméh
types of gnr genes are known: gnrA genes with @ypes, Society for Microbiology (CASFM 2012). The extended
gnr B with 19 subtypes and gnr S (3 subtypes)Qrfic genes spectrum beta-lactamase production was confirmedaby
have been described for the first time in Ivory &da isolated standard double-disk synergy test illustrating bgpecific
clinical strains of inpatient and outpatient [8]. image of synergy between antibiotic disksdescribed by
Given the human-animal-environment interactions ted the National Committee for Clinical Laboratory Slands
potential effect of quinolone resistance on thesesgstems, [10].
the main objective of this work is to show the @lence of This technique consists of adding the disk assediatith
genes gnrA, B and S hold by enterobacteria prodgub&#ta amoxicillin clavulanic acid, the aztreonam disk ahdse of

lactamases isolated in diverse ecosystems. the third-generation cephalosporin, at a distafi@am from
. center to center. Negative tests were repeated didtks of
2. Materials and Methods 1.5 cm center to center or on Mueller Hinton medium

containing 250 mg / ml of cloxacillin. Only werecinded in

the study, ESBL enterobacteria showing resistange t
The Enterobacteria strains producing extended gpact quinolones and fluoroquinolones.

beta-lactamases (ESBL) were obtained from the aaini  The tested antibiotics were given in Table 1.

bacteriology unit (CBU) of thdnstitut Pasteur of Céte

d'lvoire. These strains were isolated from biological pmslu Table 1. List of antibiotics used in the study and theirdkgoint (according
L : X e . to CA-SFM 2012).

(urine, blood and pus) and consisted inEXtherichia coli

2.1. Collection of Human Strains

08 Klebsiella pneumoniaeand 05 Enterobacter cloacae _Antibiotics (load en pg) Acronym S I R<
strains. Beta-lactam
) ) ) Amoxicillin+clavulanic acid AMC 21 16
2.2. Collection of Animal Strains (20/10)
Piperacillin (75) PIP 20 16
The enterobacteria ESBL's strains in animals @astheep ~ Ceftazidime (30) CAZ 26 21
and pig) were isolated from stools freshly emittgdanimals g:}fg:;‘r’;oe”??’go) EEPO gi gi
or from rectal swabs ma_lde dlr_ectl_y on thes_e _amm'léﬂlese Aztreonam (30) ATM 27 21
saddles were collected in sterile jars containialine. The  cefotaxime (30) CTX 26 23
strains isolated consisted primarilyécherichia colistrains.  Cefoxitine Cefoxitin(30) FOX 22 15
They were distributed as follows 21 strains fronttlea20  mipenem (10) IPM 24 17
from sheep, and 23 from pigs. el e () . MEM 22 15
Quinolones and fluoroquinolones
- = - Nalidixic acid (30) NA 20 15
2.3. Collection of Environmental Strains Ciprofioxacin (5) s - -

The environmental enterobacteria ESBL's produsegse
isolated from hospital effluents of three healthtees (CHU
Cocody, CHU Treichville, general Abobo hospitanda
municipal effluents of 04 municipalities of Abidjaity. 2.6. Genotyping of ESBL Strains of

Strains from hospital effluents were distributeda@®ws: Enterobacteria
Escherichia coli (28); Klebsiella pneumoniae (08);

Enterobacter aerogeneg10) and strains of municipal Detection of genes gnr A, B and S was done using a
wastewater were distributed as follovi&scherichia coli(11); multiplex PCR method. Plasmids DNA were extractenf
Klebsiella pneumoniag04); Klebsiella oxytoca(04) and strains by alkaline lysis with phenolyzation. TheCRP

The Escherichia colistrain 25922 was used as positive
control when performing susceptibility test.

Enterobacter aerogend64). amplification was performed in a final reaction wwole of 50
ul. Primers used in this study were given in TableTBe
2.4. Isolation and Identification of reaction mixture contained a PCR Reaction Buffedx 1
Enterobacteria Strains concentrated with 20 mM MggIPCR Grade Nucleotide

The sampling, the identification, the conservatod the Mix (2.5 mM each), specific primers for each targé pmol)
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and a FastStart Tag DNA Polymerase, 5 U/ul (Roche).

Reference strains provided by the collection of Itistitut
Pasteur de Paris (CIP) were used as positive derfopthe
PCR (Table 4) and a reaction mixture without DNAvse
for PCR negative control.
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The PCR conditions (Table 3) were carried out in a
thermalcycler UNOIl  (BIOMETRA). Amplification
products were analyzed by electrophoresis in a Béfose
gel (Invitrogen) stained with ethidium bromide. yack is
performed on Ultra Violet plate.

Table 2. Primers used in the study

Target Genus Primers Sequences (5'- 3) Position on genome size of PCR product (pb) accession number
gnrA gnrA-1A TTCTCACGCCAGGATTTGAG 339-358 571 AYO70235
gnrA-1B TGCCAGGCACAGATCTTGAC 910-891
gnrB gnrB-cs-1A TGGCGAAAAAATT(GA)ACAGAA  54-73
594 DQ351241
qgnrB-cs-1B GAGCAACGA(TC)GCCTGGTAG 648-630
nrS nrS1A GACGTGCTAACTTGCGTGAT 101-120
q q 388 DQ485529
gnrS1B AACACCTCGACTTAAGTCTGA 489-469
Table 3. gnr's genes amplification conditions
3. Results

Amplification steps Condition/Time

Initial denaturation 94°C/5min
Cyclic denaturation 94°C/1min
Annealing 60°C/45sec
Cyclic elongation 72°C/1min
Final Elongation 72°C/1min
Cycles number 30

Table 4. Bacterial reference strains used for the PCR tieaccontrol

Bacteria Resistance gene positif control
) CIP code . .
specimen harboring using for
E. coli UAA2118 gnrAl gnrA
UAA2119 gnrB1 qnrB
UAA2120 qgnrS1 qnrS

3.1. Antibiotic Susceptibility of strains of
Enterobacteria ESBL

At the level of beta-lactams, only carbapenemspénéem
and meropenem) had a total efficiency (100% seitgition
ESBLs enterobacteria whatever the origin. A lowate rof
resistance was observed for cephamycins especfally
animal strains.

All strains of ESBL producing Enterobacteria showaed
high level of resistance to conventional quinolofreidixic
acid) from 35% to 95 cattle strains, 2% for humaaiss. As
far as concerns the fluoroquinolones (ciprofloxacin
resistance rate was as high and also went from 8%%
bovine strains to 93.2% for human stem

The rate of antibiotic resistance of the main speci
isolated from different ecosystems is reportedahl@& 5.

Table 5. Enterobacteria Resistance rates according to tfsgilation origin

Resistance rates (I+R %)

Antibiotics (load en pg) human strains

Animal strains

environmental strains

Beta-lactam bovi_ne sheep strains por(?ine hospital Municipal
strains strains effluents effluents
Amoxicillin+ clavulanic acid (20/10) 87.1 40 51.7 21.3 51.2 60.5
Piperacillin (75) 100 100 100 100 100 100
Ceftazidime (30) 100 NT NT NT 100 100
Ceftriaxone (30) 100 100 100 100 100 100
Cefepime (30) 100 NT NT NT 97.6 90.7
Aztreonam (30) 100 100 100 100 100 100
Cefotaxime (30) 100 100 100 100 100 100
Cefoxitin(30) 36.1 5 13.8 2.1 58.5 27.9
Imipenem (10) 0 0 0 0 0 0
Meropenem (10) 0 0 0 0 0 0
Quinolone
Nalidixic acid (30) 95.2 B5) 41.4 55.3 80.5 67.4
Ciprofloxacin (5) 93.2 & 37.9 44.7 73.2 60.2

NT = Not Tested

3.2. Search Qnr Genes

PCR results showed a high prevalence of qnrS gg8@ (
bp) in the animal strains with frequencies of 90.8%% and

91.3% respectively in cattle, sheep and pigs. caméh gnr B
genes were not detected during this study. Allhef genes
identified are summarized in Table 6.
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Table 6. Distribution of gnr's genes according to the onigif ESBL strains

Strain origin Number of strains tested gnrA (%) gnrB (%) gnrS (%)
Human 22 0(0) 0(0) 2(9.1)
Bovine 21 0(0) 0(0) 19 (90.5)
Sheep 20 0(0) 0(0) 16 (80)
Porcine 23 0(0) 0(0) 21 (91.3)
Hospital effluents 46 0(0) 0(0) 5(10.9)
Municipal effluents 23 0(0) 0(0) 5(21.7)

Figure 1 and Figure 2 show gnr genes A, B and & witEnterobacteria producing ESBL causing human irdestin
respective positive bands 571, 594 and 388 base. pai Abidjan [11]. Some studies affirmed thKtebsiella strains
were usually carriers of resistance genes. Thenekid
spectrum beta-lactamase was generally found one larg
plasmids carrying resistance genes and was masilgted
from Klebsiella strains than fromEscherichia coli[12].
Klebsiella strain's survival time is longer than other emteri
bacteria on the hands and in the hospital enviranniéis is
facilitating its dissemination around hospitals ][TBe
emergence of multidrug-resistant Escherichia aolanimal
domain (beef and pig) was reported in other studidse
analysis of some of these E. coli showed they wesducers
of extended spectrum beta-lactamase (ESBL) carrifireg
CTX-M gene well knowed in human medicine [14]. In
Figure 1. 2% agarose gel electrophoresis showing multiplex RPC several studies in Africa (Benin, Morocco) and H&o
amplifica_tion products for simultaneous detectiéigenes gnr A, B and S.Lane (Spain, France), some authors also demonstratextterkal
T: Negative control flora of hospital effluents dominated by Gram-nagat

Lane M: molecular weight marker (Invitrogen, 100MNA Ladder). bacteria 'belonging to the Enterobacterig. (coli K.
Lane 1: Positive control gnr A (571 bp) pneumoniag[15-16-17-18].

Lane 2: Positive control gnr B (594 bp) In the family of betalactam class antibiotics, ESBL
Lane 3: Positive control gnr S (388 bp) enterobacteria are usually resistant to cephalosp8rd and

Lane 4, 6 and 8: positive samples for gnr S 4th generation and to aztreonam, but susceptible to

carbapenems. In our study all strains were sudieptd
carbapenems (meropenem and imipenem). These dit$bio
are considered as drugs of choice for treatmemciidfus
diseases related to resistant enterobacteria [L9-PBe
ESBL's enterobacteria by their genetic determirdsenoften
resistant to other classes of antibiotics due ® robile
genetic elements on their genome including plasmids
transposons and integrons [21]. In addition, thelzioation
of these resistant genes carried by these molgitaegits with
the genes of chromosome resistance is the result of
multiresistance to major classes of antibioticdusetherapy
[22-23]. Based on this observation, we noted levefs
resistance to quinolones (nalidixic acid) from 35%r
animals (cattle) to 95.2% for human and rates of
Lane T: Negative control fluoroquinolone resistance of 35% for cattle to298.for
Lane M: molecular weight marker (Invitrogen, 100MNA Ladder). human. These high rates of fluoroquinolone restsaim
t:zg ;: Efs'ltg’:gﬂ?' ‘(gtsé:"’si?n bﬁ’gs o amr S human were also been reported by Guessennd anf8]al.,
T P P d with rates of 76.8% for nalidixic acid and 70.2%r fo
. . ciprofloxacin in human strains. In animals espégial the
4. Discussion poultry industry, Blanco and al.; [24] obtainedesaranging

0 L .
In this study, Escherichiacoli (E. col) were the most fr.om 37/0. to_nalidixic anq a relatively low  rate for
profloxacin (7%) for all quinolones. In Iceland, rate of

. . . . C
isolated strain. The predominance of this ~specy a”ﬁz.s% for ciprofloxacin and nalidixic acid was dbtd by

Klebsiella pneumoniaehad already been noted out in a . .
earlier study on the prevalence and resistanceilgsobf "Thorunn and'al., [25].' The two s.tudles h?“’e beafized on
E. colis strains. Quinolone resistance in Enterobactsria

Figure 2. 2% agarose gel electrophoresis showing simplex B@Rlification
products for detection of the gene gnr S.
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usually the result of a chromosomal mutation, legdio
alteration of the target enzyme or the accumulatbrihe 2]
antimicrobial. However, it was also reported plasmi
mediated quinolone resistance (PMQR), reflecting an
acquisition of gnr genes, qepA, and aac (6 ') erlf26-27].
The PMQR is frequently associated with the preseoice
ESBLs resistance genes and aminoglycosides ondime s [3]
plasmid. In Ivory Coast, the first study of gnr genwas
realized by Guessennd and al., [8] on 151 humaainstr
producing ESBL isolated from clinical specimensisT$tudy
showed a qnr prevalence of 27.2% with a predomimarfc
gnr B gene (14.6%) followed by gnr A gene (9.99%h).our
study only the gnr S gene was identified with avptence of [5]
9.2% among human strains. The gnr genes A and B war
been identified. This lower rate of gnr S gene clate in
human strain could be explained by the fact thesehstrains
use another sort of gnr resistance genes. To rateqnr
genes have been identified: these are the gnr gersexl D
[28-29-30-31]. showing new resistance mechaniskes the
genes coding for proteins gepA, and aac (6 ") <rlb-
Regarding hospital and municipal effluents, rated@9%
and 21.7% for gnr S gene were respectively detedikdse
rates are similar to that's founds by Vishal and [82] in
India where 90% of isolated E. coli producing exted
spectrum beta-lactamase and fluoroquinolone resisthad
the aac (6 ') - Ib-cr gene. The last 10% were heladé the
gnr A or B genes. No gnr S gene were detectedkiin study.
The High levels of gnr S genes involved in the stesice
to fluoroquinolones were observed in farm animals.

[4]

(6]

[7]

(8]

9]

5. Conclusion

This study showed high resistance prevalence 0]
Enterobacteria producing broaded spectrum betadzse
to quinolones and fluoroquinolones especially inmhn
strains. The search for genes of fluoroquinolorgstance
revealed a high rate of gnr S genes in animals. TH&ll
emergence of new resistance mechanisms are fedwerin
Coast especially in human and environmental stiaétsause
despite the high quinolones and fluoroquinolonevglence
of resistance genes (qnr A, gnr B resistance @atésqnr S)
which have been the subject of previous studiedaar&om
being achieved. It would be interesting to focusesech on
new resistance genes (gqnr C and gnr D) and to th&3]
mechanisms of resistance (QEP A and AAC (6 ") er)b-

[12]

Acknowledgments [14]
We thank the staff of the molecular biology platfoof

Pasteur Institute in Ivory Coast for its technisapport. This

study had the financial support of the microorgarss

resistance Observatory of Céte d'lvoire (ORMICI) 115

References
(1]

Piddock L.J. Fluoroquinolone resistance in Salmanel
serovars isolated from humans and food animals. FEM

174

Microbiol Rev 2002; 26: 3-16.

Quattara N. D., Guessennd N., Gbonon V., Toe Edi®a.,
Tiécoura B., 2013. Consommation des antibiotiquess da
filiere aviaire a Abidjan : Cas de quelques fermesis
industrielles.European Journal of Scientific Research. ISSN
1450-216X Vol. 94 No 1, pp.80-85.

Martinez-Martinez L; Pascual A; Jacobly GA. Quomé
resistance from a transferable plasmid. Lancet 1388:797-9.

Ruiz J. Mechanisms of resistance to quinolones: etarg
alterations, decreased accumulation and DNA gyrase
protection. J Antimicrob Chemother 2003; 51: 1109-17

Jacoby G. A. Mechanisms of resistance to quinolof&is
Infect Dis. 2005; 41 Suppl 2: S120-6.

Cattoir V., Nordmann P. (2009). Plasmid-mediatechqlaine
resistance in gram-negative bacteria species: dateapCurr
Med Chem. ; 16 (8):1028-46.

Robicsek A, Jacoby GA, Hooper DC. The worldwide
emergence of plasmid-mediated quinolone resistdraecet
Infect Dis 2006; 6: 629—-40.

Guessennd N.; S. Bremont; V. Gbonon; A. Kacou- N'Bau

E. Ekaza; T. Lambert; M. Dosso; P. Courvalin., 2008
Résistance aux quinolones de type qnr chez lez
entérobactéries productrices de béta-lactamasepeatrs
élargi a Abidjan en Cobte d'lvoire. Pathologie Bidl@6 :
439-446.

OQuattara M. B., Guessennd K. N., Koffi-Nevry R., Kd.,
Quattara G. D., Gbonon V., Tiekoura K. B., Faye-Kdit.,
Dosso M. 2014. Evaluation of Drigalski agar supmeted
with ceftazidime (2mg/L) for the isolation of spech beta-
lactamase (ESBL) producing Enterobacteria. Afr. itriiol.
Res. Vol. 8(89), pp 2758-2765, 16 July, 2014

National Committee for Clinical Laboratory Standar2802.
Performance standards for antimicrobial susceftitigsting;
twelfth informational supplement. M100-S12. Natibna
Committee for Clinical Laboratory Standards,Wayne,Pa

Guessennnd N., Kacou-N'douba A., Gbonon V., Yapj D.
Ekaza E., Dosso M., Courvalin P. 2008a. Prévalenqeofil

de résistance des entérobactéries productrices &a b
lactamase a spectre élargi a Abidjan de 2005 a.2D0$§ci.
Pharm. Biol., vol.9. n°1- 2008, pp. 63-70.

Livermore, D. M. 1995. Beta-lactamases in laboratory and
clinical resistance. Clin. Microbiol. Rev. 8:557-584.

Casewell, M. W., and I. Phillip4.981. Aspects of the plasmid-
mediated antibiotic resistance and epidemiologilebsiella
species. Am. J. Med. 70:459-462.

Moreno M. A., Teshager T, Porrero M. A., Garcia M.,
Escudero E, Torres C., et al. Abundance and pheicotyp
diversity of Escherchia coli isolates with diminésh
susceptibility to expanded-spectrum cephalospaninfaeces
from healthy food animals after slaughter. Vet Mhipl. 2007;
120:363-9.

Marisol G, Capdepuy M., Arpin C., Raymond N., CaumBtte
and Quentin C., 2000. Impact of an urban effluent on
antibiotic resistance of riverine Enterobacterid aeromonas
spp. Applied and Environmental Microbiology. 66(1)25-
132.



175

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

Ouattara Mohamed Bagatal: First Report of Qnr Genes in Multidrugs Resis{&®8BL) Enterobacteria Isolated from
Different Ecosystems in Abidjan, Ivory Coast

Jeannette Munez-Aguayo, Kelvin S. Lang, Timothy hpara [25]
Gerald Gonzalez and Randall S. Singer., 2007. Etiatut¢he
Effect of Chlortetracycline on the proliferation Ahtibiotic
resistant bacteria in a stimuled river water ectesys Applied
and Environnemental Microbiology. 73 (7): 5421- 542 (26]

Ekhaise F.O., Omavwoya B.P., 2008. Influence of sxmater
discharged from university of Benin reaching Hodpita
(UBTH), Benin City on its receiving environment. Arrgzm-
Eurasian J. Agric and Environ. Sci., 4 (4): 484848

[27]
Atef M. Diab, Idriss M. Al-turk, Mohames K. IbrahinKhalil
D. Al-Zhrany., 2008. Tracing of Gram negative artilz-
resistant bacteria in hospitals final affluent &Mounwwarah. [28]

Journal of Taibah University for Science (JTUSCD3t34.

Endimiani A. and Paterson D. L. 2007. Optimizingrépy for
infections caused by Enterobacteria producing eiddn
spectrum béta-lactamase. Semin Respir Crit Care Med29]
28(6):646.

Labombardi V. J., Rojtman A. and Tran K (2006). Uxfe
cefepime for the traitment of infections causedexyended

spectrum beta-lactamase producikégbsiella pneumoniae [30]
andEscherichiacoli. Diagn Microbiol Infect Dis. 56 (3): 313-

5.

Philippon, A, Arlet, G, and Lagrange, P.H., (199@jigin and
impact of plasmid-mediated extendedspectrum beta
lactamases Eur J Clin Microbial Infec Dis; 13 Supy@17-29.  [31]
Kaper, J.B.; Nataro, J.P.;, Mobley, H.L. Pathogenic
Escherichia coliNat. Rev. Microbiol2004,2, 123-140.

Johnson, T.J.; Nolan, L.K. Pathogenomics of theileirce
plasmids ofEscherichia coliMicrobiol. Mol. Biol. Rev2009, [32]

73, 750-774

Blanco J.E., Blanco M., Mora A., Blanco J., 199&WRitence
of bacterial resistance to quinolones and otheiméerbbials
among aviarEscherichia colistrains isolated from septicemic
and healthy chickens in Spain. J. Clin. Microhi85: 2184-
2185.

Thorunn R. T., Gunnsteinn H., Vala F., KristinssonGK
Gunnarsson E., 2010. Broiler Chickens as Sourceushath
Fluoroquinolone-Resistant Escherichia  coli, Iceland.
Emerging Infectious Diseases; 16(1): 133-135.

Poirel, L., L. Villa, A. Bertini, J. D. Pitout, P. &dmann, and
A. Carattoli. 2007. Expanded-spectrum beta-lactamessd
plasmid-mediated quinolone resistandemerg Infect Dis
13:803-805.

Carattoli, A. 2009. Resistance plasmid families in
EnterobacteriaAntimicrob Agents ChemothB8:2227-2238.

Jacoby, G., V. Cattoir, D. Hooper, L. Martinez-Maed, P.
Nordmann, A. Pascual, L. Poirel, and M. Wang. 209&.
gene nomenclature. Antimicrob. Agents Chemothe2 B27—
2299.

Martinez-Martinez, L., M. Eliecer Cano, J. Manuel
Rodriguez-Martinez, J. Calvo, and A. Pascual. 20@&nfd-
mediated quinolone resistance. Expert Rev. Antidnf&her.
6:685 -711.

Cavaco, L. M., H. Hasman, S. Xia, and F. M. Aargst2009.
gnrD, a novel gene conferring transferable quinolone
resistance inSalmonella entericaserovars Kentucky and
Bovismorbificans of human origin. Antimicrob. Agents
Chemother. 53:603—-608.

Wang, M., Q. Guo, X. Xu, X. Wang, X. Ye, S. Wu, D.
Hooper, and M. Wang. 2 March 2009. New plasmid- @aiedi
quinolone resistance gergmrC, found in a clinical isolate of
Proteus mirabilis. Antimicrob. Agents Chemother. [Epub
ahead of print.] doi:10.1128/AAC.01400-08

Vishal D., Salesh P. Chandran, Tamhankar A. J., ili€ec
Stalsby Lundborg and Ragini Macaden. 2012. Ideatifin of
extended-spectrum b-lactamase and quinolone resesta
genes in Escherichia coli isolated from hospitakteaater
from central India. J. Antimicrob Chemother 201Z; 857—
859.



