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SUMMARY

Fourteen strains of S. Typhi (n=13) and S. Paratyphi A (n=1) resistant to ciprofloxacin were

compared with 30 ciprofloxacin decreased-susceptibility strains on the basis of qnr plasmid

analysis, and nucleotide substitutions at gyrA, gyrB, parC and parE. In ciprofloxacin-resistant

strains, five S. Typhi and a single S. Paratyphi A showed triple mutations in gyrA (Ser83pPhe,

Asp87pAsn, Glu133pGly) and a novel mutation outside the quinolone resistance determining

region (QRDR) (Met52pLeu). Novel mutations were also discovered in an isolate (minimum

inhibitory concentration 8 mg/ml) in gyrA gene Asp76pAsn and outside the QRDR Leu44pIle.

Out of 30 isolates with reduced susceptibility, single mutation was found in 12 strains only. Genes

encoding qnr plasmid (qnr A, qnr B, AAC1-F) were not detected in ciprofloxacin-resistant or

decreased-susceptibility strains. Antimicrobial surveillance coupled with molecular analysis of

fluoroquinolone resistance is warranted for reconfirming novel and established molecular patterns

of resistance, which is quintessential for reappraisal of enteric fever therapeutics.
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INTRODUCTION

The emergence of multidrug-resistant enteric fever

led to use of fluoroquinolones as the first-line of

therapy. Unfortunately, broad-spectrum antibacterial

activity, affordability and easy availability led to their

indiscriminate use in human medicine. Furthermore,

nalidixic acid- resistant S. Typhi (NARST) with re-

duced susceptibility to ciprofloxacin (0.125–1 mg/ml)

causing clinical failure emerged worldwide and be-

came endemic in the Indian subcontinent [1, 2].

At themolecular level, this wasmediated by a single-

nucleotide polymorphism (SNP) in the quinolone

resistance-determining region (QRDR) of gyrA at

Ser83 or Asp87. Resistant isolates harbour o2 muta-

tions in gyrA, gyrB, and topoisomerase (parC and

parE). Other mechanisms demonstrated are multi-

antibiotic resistance associated efflux pumps (MAR

locus, outermembrane proteins), qnr plasmid and up-/

down-regulation of operon genes [3–5]. Experimental

evidence from in vitro selection studies suggests that

single mutations are associated with low-level flour-

oquinolone resistance and high-level resistance is

built-up by sequential accumulation or perhaps a

mixture of target and efflux-related mutations [6].

These are well documented in non-enteric fever
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salmonellae and other organisms [7–9], as each target

gene mutation reduces the susceptibility by four- to

eightfold [10]. Nonetheless, a recent report observed

that for S. Typhi nalidixic acid resistance does not

completely predict decreased ciprofloxacin suscepti-

bility [11]. Moreover, the emergence of plasmid-medi-

ated quinolone resistance (PMQR)mediated byQNR,

aminoglycoside acetyltransferase (AAC) andQep A in

family Enterobacteriaceae has complicated the under-

standing of molecular mechanisms of quinolone re-

sistance [12]. Recent literature cites isolated reports of

high-level ciprofloxacin resistance in enteric fever,

from India and elsewhere [13–18]. Studies on molecu-

lar analysis of fluoroquinolone resistance in clinical

isolates of Salmonella enterica serotype Typhi and

Paratyphi A from India are limited [2, 4, 13, 18].

Keeping in mind the prime therapeutic role of

ciprofloxacin in enteric fever, an understanding of the

mechanisms involved is crucial. Therefore the current

study was undertaken to characterize the molecular

basis of ciprofloxacin resistance in enteric fever.

METHODS

The present study was conducted in Vardhman

Mahaveer Medical College and Safdarjung Hospital,

a 1700-bed tertiary-care hospital, and Majeedia

Hospital, a referral centre in New Delhi over a period

of 1 year and 10 months (December 2004–September

2006). One hundred ninety-eight isolates of S. Typhi

and S. Paratyphi A from suspected enteric fever

patients were identified by standard biochemical

reactions [19] and serotyping with specific antisera

(Central Research Institute, Kasauli, India). Socio-

demographic (age, gender) and clinical information

(antimicrobial management and in-hospital mor-

tality) of the patients in study were noted. The anti-

microbial susceptibility of the isolates was determined

by disk diffusion method according to CLSI guide-

lines [20] using: ampicillin (10 mg), chloramphenicol

(30 mg), trimethoprim/sulfamethoxazole (cotrimox-

azole) (1.25/23.75 mg), nalidixic acid (30 mg), cipro-

floxacin (5 mg), ceftriaxone (30 mg), cefixime (5 mg)

and cefepime (30 mg). Multidrug resistance (MDR)

was defined as simultaneous resistance to ampicillin,

chloramphenicol and cotrimoxazole (ACCo). The

minimum inhibitory concentration (MIC) for cipro-

floxacin, ofloxacin and ceftriaxone was determined

by the agar dilution method and for nalidixic acid

breakpoint MIC (256 mg/ml and 32 mg/ml) was de-

termined by the agar dilution method according to

CLSI guidelines [20]. The agar dilution method to

determine MICs was repeated three times and the

mean was taken as the final value. Interpretive criteria

for sensitive, intermediate and resistant strains for

ciprofloxacin were f1 mg/ml, =2 mg/ml and o4 mg/

ml and for nalidixic acid f1 mg/ml, =2 mg/ml and

o4 mg/ml, respectively, in accordance with CLSI

guidelines [20]. Decreased susceptibility to cipro-

floxacin was defined as isolates having a MIC of

o0.125 mg/ml but f1 mg/ml. The control strain used

was E. coli ATCC 25922. Antimicrobial disks and

powders used in the study were obtained from Hi

Media, Sigma Laboratories (India).

Representative isolates resistant to ciprofloxacin

were compared by molecular methods [plasmid

analysis (qnr allele), nucleotide substitutions at gyrA,

gyrB, parC and parE] with decreased- susceptibility

strains at Pasteur Institute, Brussels, Belgium and the

National Institute of Communicable Diseases, New

Delhi. DNA was extracted according to the protocol

for the isolation of genomic DNA from Gram-

negative bacteria (Qiagen: Qiamp DNA mini kit)

under sterile conditions. Samples (200 ml) were pro-

cessed in parallel. The species identification of a few

strains was carried out by sequencing the 16S rRNA.

DNA amplification was performed by polymerase

chain reaction (PCR). PCR mixture consisted of 5 ml

of extracted DNA in 45 ml PCR mixture composed of

1x buffer (Ozyme, New England Biolabs, Beverly,

MA, USA), 0.5 mM MgCl2, 0.24 mM dNTP, 25 pmol

of each primer and 1 U Taq polymerase (Ozyme, New

England Biolabs). Internal controls were included in

all PCR assays consisting of PCR inhibition control

as performed for biological extract, positive controls

to validate the amplification conditions and negative

controls to ensure that there was no PCR/sample

cross-contamination. The thermal cycling DNA

amplification conditions consisted of 15 min at 95 xC

for activation of the polymerase, 2 min at 92 xC fol-

lowed by 35 cycles of denaturation at 93 xC for 30 s,

annealing at 53 xC for 30 s, extension at 72 xC for

1 min and elongation at 72 xC for 8 min. Sequencing

was performed on PCR-amplified amplicons by the

dideoxy chain-termination method with the Big Dye

Terminator Cycle sequencing kit (PerkinElmer,

Applied Biosystems, Foster City, CA, USA) and run

on a DNA analysis system model 373 (PerkinElmer,

Applied Biosystems). PCR amplification and direct

DNA sequencing of QRDR regions (gyrA, gyrB,

parC, parE genes) was performed according to

Giraud et al. [21], with an ABI prism dye terminator
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(PerkinElmer, Applied Biosystems) on an ABI 3730

automated sequencer.

The known sequence genes were used for designing

primers. Oligonucleotide primers used for PCR assay

were:

gyrA (F):

5k-CCAGATGT(A/C/T)CG(A/C/T)GATGG-3k(F)
gyrA (R):

5k-ACGAAATCAAC(G/C)GT(C/T)TCTTTTTC-3k
gyrB5 (F):

5k-AAGCGCGATGGCAAAGAAG-3k
gyrB6 (R):

5k-AACGGTCTGCTCATCAGAAAGG-3k
parC3 (F) :

5k-CGATTTTCCGGTCTTCTTCCAG-3k
parC10 (R):

5k-GCAATGCACGAATAAACAACGG-3k
parE3 (F):

5k-CCTGATCTGGCTACTGCAACAG-3k
parE8 (R):

5k-ATGCGCAAGTGTCGCCATCAG-3k

Nucleotide and deduced amino acids were analysed,

using Sequence Navigator Software followed by

BLAST at the National Center for Biotechnology

Information (NCBI) website (http://www.ncbi.nlm.-

nih.gov/blast).

The primers used to detect qnr plasmids (5) were:

5k-GGG TAT GGA TAT TAT TGA TAAG-3k for
qnr A and 5k-CTA ATC CGGG CAG CAC TAT

TAT-3k for qnr B and 5k- GTGAATTATTGCGGAA

TCCAGC for AAC1-F as described by Wang et al.

[22] and Nair et al. [4]. PCR and sequencing using the

aforementioned primers was performed according to

Mammeri et al. [23]. After PCR amplification, the

DNA was purified with a Quiaquick PCR purification

kit (Qiagen, Courtaboeuf, France). Both strands of

the amplification products obtained were sequenced

with an Applied Biosystems sequencer (ABI 377).

The nucleotide and deduced protein sequences were

analysed using Sequence Navigator Software fol-

lowed by BLAST at the NCBI website (http://www.

ncbi.nlm.nih.gov/blast).

RESULTS

The most common age group in the study was 20–30

years. The majority were males (64%). Twenty-nine

percent of patients were hospitalized and 71% were

from the out-patient department. Ciprofloxacin was

the drug of choice in out-patients and the therapy was

changed to ceftriaxone on therapeutic failure

(ciprofloxacin resistance or decreased susceptibility).

None of the patients died in hospital. A total of 198

isolates, comprising of 158 (79.8%) S. Typhi and 40

(20.2%) S. Paratyphi A were analysed. Of the 198

isolates studied 25 S. Typhi and five S. Paratyphi A

were observed to be resistant to ciprofloxacin. The

disk diffusion antimicrobial testing of these 30 isolates

revealed the following resistance pattern: ampicillin, 2

(6.7%); chloramphenicol, 5 (16.7%); trimethoprim/

sulfamethoxazole, 18 (60%); tetracycline, 18 (60%);

nalidixic acid, 30 (100%); ceftriaxone, 1 (3.3%);

cefixime, 0 (0%); and cefepime, 1 (3.3%). Multidrug

resistance (ACCo) was seen in two (6.7%) of the

isolates.

Out of a total of 198 isolates reduced susceptibility

(0.125–1 mg/ml) was seen in 168 isolates. High-level

ciprofloxacin resistance was seen in 25 S. Typhi and

five S. Paratyphi A (MICs 8 to o512 mg/ml). MIC 90

for ciprofloxacin and ceftriaxone was 1 mg/ml and

0.25 mg/ml, respectively and MIC 50 for ciprofloxacin

and ceftriaxone was 0.5 mg/ml and 0.125 mg/ml, re-

spectively. The MIC 50 and MIC 90 for ofloxacin was

identical to that of ciprofloxacin. All ciprofloxacin-

resistant and decreased-susceptibility strains had a

nalidixic acid MIC breakpoint of o256 mg/ml, with

the exception of a single outlier [a nalidixic acid-

sensitive S. Typhi (NASST) isolate with decreased

susceptibility at 0.25 mg/ml].

Thirteen S. Typhi isolates and a single S. Paratyphi

A isolate resistant to ciprofloxacin were selected ran-

domly and compared by molecular methods with 30

decreased-susceptibility strains. Relevant clinical,

microbiological (MICs), molecular data of these

patients with ciprofloxacin resistance is depicted in

Table 1. Eight (57%) patients had history of incom-

plete fluroquinolone therapy and six (43%) presented

fever with no prior antimicrobial therapy on days 2–4.

Amongst the ciprofloxacin-resistant isolates, five

S. Typhi and a single S. Paratyphi A showed triple

mutations in gyrA (Ser83pPhe, Asp87pAsn,

Glu133pGly) and a novel mutation outside the QRDR

region (Met52pLeu). Novel mutations were also

discovered in an isolate (8 mg/ml) in the gyrA gene

Asp76pAsn and outside the QRDR Leu44pIle. Of

note are single replacements at Asp76pAsn (four

isolates) and Phe72pTyr (three isolates) of S. Typhi.

Out of 30 isolates with reduced susceptibility, single

mutation was seen in 15 strains, six had mutations

in gyrA at Asp87pAsn, five at Phe72pTyr, two at

Ser83pPhe and one each at Asp76pAsn and
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Table 1. Presence of mutations in DNA gyrase, topoisomerase IV and qnrA, qnrB, AAC in S. Typhi (n=13)

and S. Paratyphi A (n=1) isolates with resistance to ciprofloxacin

SNO Clinical history CP MIC gyrA

gyrB/parC/

parE/qnrA,
B, AAC

Outside
QRDR

1 4-yr-old boy with fever for 3 days, no h/o
flouroquinolones, S. Typhi isolated ;

ciprofloxacin resistant ; successfully
treated with ceftriaxone

o512 Ser83pPhe NP Met52pLeu
Asp87pAsn

Glu133pGly

2 10-yr-old boy with fever for 3 days, no h/o

flouroquinolones, S. Typhi isolated;
ciprofloxacin resistant ; left against medical
advice on 5th day before culture report

32 Ser83pPhe NP Met52pLeu

Asp87pAsn
Glu133pGly

3 13-yr-old boy with fever for 4 days, no h/o
flouroquinolones, S. Typhi isolated;
ciprofloxacin resistant ; successfully treated
with ceftriaxone

32 Ser83pPhe NP Met52pLeu
Asp87pAsn
Glu133pGly

4 6-yr-old boy with fever for 2 days, no h/o
flouroquinolones/ antimicrobials, S. Typhi
isolated ; ciprofloxacin resistant ; successfully

treated with ceftriaxone

64 Ser83pPhe NP Met52pLeu
Asp87pAsn
Glu133pGly

5 16-yr-old girl with fever for 4 days, no h/o
flouroquinolones, S. Typhi isolated;

ciprofloxacin resistant ; successfully treated
with ceftriaxone

256 Ser83pPhe NP Met52pLeu
Asp87pAsn

Glu133pGly

6 6-yr-old boy with fever for 3 days, no h/o
flouroquinolones/ antimicrobials, S. Typhi

isolated ; ciprofloxacin resistant ; successfully
treated with ceftriaxone.

8 Phe72pTyr NP NP

7 25-yr-old male, doctor, with fever ; treated

with levofloxacin for 2 days before blood
culture was sent ; S. Typhi isolated ; admitted
and treated with ceftriaxone, discharged on

cefixime

8 Asp76pAsn NP Leu44pIle

8 Adult male patient ; no response to
ciprofloxacin treatment ; culture grew

S. Typhi ; lost to follow up

64 Asp76pAsn NP NP

9 11-yr-old girl with PUO for 1 month ; no
response to ciprofloxacin treatment for
5 days ; left against medical advice on

6th day before culture report of S. Typhi
communicated

16 Asp76pAsn NP NP

10 22-yr-old female with fever of 10 days’

duration; took oflox 2 days ; no response ;
admitted elsewhere due to deterioration;
was treated with ciprofloxacin, ceftriaxone ;

left against medical advise ; admitted at our
hospital ; S. Typhi isolated, responded to
ceftriaxone. History of enteric fever in her
brother with strain of similar resistotype

20 days previously

64 Asp76pAsn NP NP

11 25-yr-old male, a case of PUOr6 months ;
took intermittent treatment with ciprofloxacin

and other broad spectrum antibiotics,
remained afebrile for few weeks; fever
re-emerged; prescribed ofloxacin for 5 days ;

no response ; blood culture yielded S. Typhi ;
admitted ; successfully treated with
ceftriaxone

128 Asp76pAsn NP NP
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Phe31pTyr (outside QRDR), substitutions, respect-

ively. No mutations could be detected in 15 isolates.

Genes encoding qnr plasmid (qnr A, QNR B, AAC1-

F) were not detected in ciprofloxacin-resistant or

decreased-susceptibility strains.

DISCUSSION

In the present study, multi-drug resistance (ACCo)

was observed in 6.6% of ciprofloxacin strains. A

re-emergence of sensitivity to the classical first-line

Table 1 (cont.)

SNO Clinical history CP MIC gyrA

gyrB/parC/

parE/qnrA,
B, AAC

Outside
QRDR

12 12-yr-old girl with PUO of 1 month, S. Typhi
isolated; no response to ciprofloxacin

treatment ; lost to follow-up

32 Phe72pTyr NP NP

13 7-yr-old boy; clinically diagnosed as
bilateral cellulitis (staphylococcal) of lower

limbs with septicemia of 2 months’ duration;
treated with broad-spectrum antimicrobials
including fluroquinolones ; no response to

treatment ; blood culture grew ciprofloxacin
resistant S. Paratyphi A; successfully treated
with ceftriaxone

o512 Ser83pPhe NP Met52pLeu
Asp87pAsn

Glu133pGly

14 A paediatric male patient with febrile

illness for 10 days ; on ofloxacin for 5 days ;
culture grew S. Typhi ; no response ;
lost to followup

32 Phe72pTyr NP NP

CP, Ciprofloxacin ; NP, not present ; PUO, pyrexia of unknown origin ; QRDR, quinolone resistance determining region;

SNO, serial no. ; h/o, history of.

Table 2. Studies reporting molecular analysis of ciprofloxacin-resistant S. Typhi and S. Paratyphi A from

enteric fever patients

Serotype

No.
of

isolates

Year and
place of

isolation

Ciprofloxacin

(MIC mg/ml) gyrA GyrB/parC/parE/qnr

Outside

QRDR Reference

Typhi 1 2004,
North India

16 Ser83pPhe and
Asp87pAsn

ND NP [13]

Paratyphi A 1 2001, Japan o128 Ser83pPhe and

Asp87pAsn

NP/Glu84pLys/NP/NP NP [16]

Paratyphi A 1 2002,
South India

8 Ser83pPhe and
Asp87pGly

NP/Ser80pArg/NP/NP NP [4]

Typhi 3 2005,
Bangladesh

o512 Ser83pPhe and
Asp87pAsn

ND ND [17]

Typhi 1 2003,

North India

4 Asp76pAsn NP/NP/NP/NP Leu44pIle [2]

Typhi 3 2005,
North India

>4 Ser83pPhe
Asp87pAsn

NP/Ser80pArg or
Ser80pIle or

Asp69pAsn/NP

NP [18]

Paratyphi A 2
Asp87pGly

Typhi 13 2004–2006,

North India

8-o512 Ser83pPhe NP/NP/NP/NP Met52pLeu Present

studyParatyphi A 1 Asp87pAsn and

Glu133pGly single
mutations at
Phe72pTyr,
Asp76pAsn

Leu44pIle

MIC, Minimum inhibitory concentration; NP, not present ; QRDR, quinolone resistance determining region.
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agents has been observed due to their restricted use in

the 1990s. The use of quinolone led to a concomitant

decrease in susceptibility to ciprofloxacin and nali-

dixic acid from this region [2]. All of the NARST

isolates had a decreased susceptibility to ciprofloxacin

(MIC o0.125 mg/ml). Several workers have corrobo-

rated this finding abroad [2, 13, 22]. The MIC 50 and

MIC 90 for ofloxacin was identical to that of cipro-

floxacin. A single outlier isolate was observed (a

NASST isolate with decreased susceptibility to ci-

profloxacin at 0.25 mg/ml). This observation has been

reported in a recent study [11].

Single Ser83pPhe, Asp87pAsn, Phe72pTyr sub-

stitutions are commonly associated withNARST [2, 5,

9]. Nonetheless, the single mutations seen in NARST

isolates at Asp76pAsn in gyrA and Phe31pTyr outside

the QRDR of gyrA are hitherto unknown [3, 13, 21].

However, substitution at Asp76pAsn has been re-

ported from a ciprofloxacin intermediate strain from

a molecular study (2001–2003) from this hospital [2].

As mutations were not found in 15 NARST strains,

other possibilities of mutations present outside the

QRDR region or other mechanisms of quinolone re-

sistance possibly exist.

The mechanisms of high-level fluroquinolone

resistance in clinical isolates of S. Typhi and S.

Paratyphi A are not completely understood, as there

are only a few reports on resistance in the literature

(Table 2). Most studies, including the present study,

give evidence for sequential accumulation of target

gene mutations in the QRDR region. In stark contrast

to previous communications, in the present study,

seven (50%) of the ciprofloxacin-resistant isolates had

a single mutation in gyrA Phe72pTyr (three isolates),

and Asp76pAsn (four isolates), sufficient to confer

high-level resistance (8–256 mg/ml). This unique ob-

servation coupled with the absence of mutations in

other topoisomerases and 50% of NARST isolates

reinforces the fact that other mechanisms must co-

exist tomediate resistance.Moreover, even theMIC of

the isolates was unlinked to the number of mutations

observed. Substitution at Glu133pGly has not been

observed previously in S. Typhi, S. Paratyphi A, other

salmonellae or E. coli [3, 5, 9, 16, 21, 24]. The muta-

tions at positions 76 and 72 are also infrequently

reported; nonetheless, there are a few citations of

single substitution at Asp76pAsn and Phe72pTyr in

S. Typhi [2] and Phe72pTyr in combination with

Ser83pPhe in S. Senftenfberg [7].

However, the most striking observation was the

co-existence of mutations outside the QRDR region

(Met52pLeu, Leu44pIle) in seven strains (50%).

In Salmonella, QRDR spans from amino acids 54

to 171 [16]. Therefore, it is speculated that QRDR

of Salmonella should be expanded to include these

positions. In a review of the literature, few reports

document mutations outside the QRDR domain

[2, 25].

Due to paucity of sequencing data on clinical

isolates of ciprofloxacin-resistant S. Typhi and

S. Paratyphi A, the aforementioned novel substitu-

tions or observations could not be compared with

prior reports. Nevertheless, they may become fre-

quent in future owing to selective pressures exerted by

the irrational use of ciprofloxacin in human and

veterinary therapeutics, in a population endemic with

NARST strains. Meanwhile, more such studies are

warranted in order to determine whether such novel

mutations, when present alone, confer resistance or

decreased susceptibility to ciprofloxacin in vitro or are

just ‘bystanders’.

Moreover, the finding of sequential accumulations

of mutations is further corroborated by the fact that

eight (57%) patients had history of incomplete fluoro-

quinolone therapy. It is probable, as inferred from

their history records that these patients were initially

infected with isolates having decrease susceptibility

that subsequently mutated to high-level ciprofloxacin

isolates. Observation of de novomutation is supported

by the fact that in six patients (43%) prior history

of fluoroquinolone was not elicited, therefore, only

molecular typing will clarify these relevant issues. In

the present study three groups emerged showing mu-

tations at positions 83, 87, 133 and at 72 and 76. The

phenotypic expression of level of resistance (MIC)

of these groups were heterogeneous. Establishing

the clonality, or the lack of it, is therefore critical at

this stage in India, as there seems to be an unusually

increasing occurrence of high-level ciprofloxacin-

resistant S. Typhi.

In the present study genes encoding qnr plasmid

(qnr A, QNR B, AAC1-F) were not detected in

ciprofloxacin-resistant or decreased-susceptibility

strains. These proteins protect the target enzymes

(DNA gyrase and type IV topoisomerase) from quin-

olone inhibition and the AAC enzyme acetylates

quinolones. Although these PMQR determinants

confer only low-level resistance, nonetheless, they

provide a background against which selection of ad-

ditional chromosomal-encoded quinolone-resistance

mechanisms occur. These might become important

in future in S. Typhi and S. Paratyphi A as linkage
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between qnr plasmid, genes encoding extended spec-

trum b-lactamases and AmpC type b-lactamases

may reflect association between resistance to

quinolones and extended-spectrum cephalosporins

[12, 22].

The limitation of this work is, that epidemiological

typing of ciprofloxacin-resistant strains was not

performed. Furthermore, investigations for possible

mutations at other loci (MAR) and OMP profile,

qepA gene, etc., for other mechanisms of resistance

were not elucidated. A large number of studies is

warranted from this region to find novel target genes

thereby aiding in new drug discoveries.

In the present study, MIC 90 and MIC 50 for

ceftriaxone were 0.25 mg/ml and 0.125 mg/ml, res-

pectively. A high MIC for the third-generation

cephalosporins has also been observed in previous

studies [26, 27]. The therapeutics of ciprofloxacin-

resistant enteric fever narrows to third- and fourth-

generation cephalosporins and azithromycins which

are not affordable in nations with limited resources.

Of the first-line antimicrobials ampicillin, chloram-

phenicol and cotrimoxazole, especially chloram-

phenicol, need to be utilized.

Therefore, antimicrobial surveillance coupled with

molecular analysis of fluoroquinolone resistance is

warranted for reconfirming novel and established

molecular patterns for therapeutic reappraisal and for

novel drug targets.
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