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ABSTRACT 
We have studied the nature of ciprofloxacin resistance in methicillin sensitive and resistant Staphylococcus au- 
reus among patients in a tertiary care hospital in Bengaluru, South India. All the isolates were highly resistant to 
ciprofloxacin. Molecular characterization of these samples performed using Staphylococcal Cassette Chromo- 
some typing and multilocus sequence typing showed that 37.5% of total isolates and 59% of MRSA were se- 
quence type (ST)772 and the rest were other STs. This indicates high prevalence of CA-MRSA in this tertiary 
care hospital serving the Indian community. Mutations responsible for ciprofloxacin resistance among these iso- 
lates in DNA gyrase (gyrA and gyrB) and topoisomerase IV (grlA and grlB) were analyzed by PCR amplification 
of specific fragments and sequencing. We found that for ST772 and five other STs present in this collection, sin- 
gle mutation in the gyrA gene, Ser-84→Leu, was sufficient for the high resistance. In vitro generation of ciprof- 
loxacin resistance in two sensitive ST772 isolates by exposure to increasing antibiotic concentrations also resulted 
in the same single mutation of gyrA. The factors responsible for high ciprofloxacin resistance are varied and are 
dependent on the genetic background of the isolates and the environment. This is the first report on the mechan- 
ism of ciprofloxacin resistance among the most prevalent Indian CA-MRSA. 
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1. Introduction 
Staphylococcus aureus is an important pathogen in the 
community and hospital, although 30% of the population 
is colonized with the organism asymptomatically. Increa- 
sing use of systemic antibiotics in the hospitals has re- 
sulted in multi drug resistant S. aureus due to selective 
pressure. The advent of community associated S. aureus 
into hospitals in the past ten years has resulted in drug re- 
sistance in this population too, although the genetic back 
grounds of community and hospital associated S. aureus 

are different [1]. 
Fluoroquinolones (FQs) are broad-spectrum antibiotics 

effective against gram-positive and -negative organisms, 
including both methicillin-sensitive and resistant S. au- 
reus (MSSA and MRSA). Ciprofloxacin is the most wide- 
ly used antimicrobial agent among FQs due to its greater 
potency. But its use in treatment of S. aureus infections 
is impaired by the rapid emergence of resistant strains, a 
feature widely spread among both MRSA and MSSA [2, 
3]. 

FQ drugs act by inhibiting the DNA gyrase (gyrA and 
B) which relieves DNA super coiling and topoisomerase *Corresponding author. 
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IV (grlA and B), which separates concatenated DNA 
strands. Amino acid changes in critical regions of this en- 
zyme-DNA complex reduce the affinity for these drugs. 
DNA gyrase subunits are common sites of resistant mu- 
tations in Gram negative organisms, while topoisomerase 
IV is most critical in case of Gram positive organisms al- 
though there are few exceptions [4]. The stepwise emer- 
gence of ciprofloxacin resistance in S. aureus is attribu- 
ted to first grlA mutations conferring low-level resistance, 
followed by gyrA mutations leading to high-level resis- 
tance [5,6]. Several efflux pump systems also contribute 
to FQ resistance in S. aureus [7]. 

Ciprofloxacin is used commonly in Indian hospitals 
and reports of widespread resistance exist [8,9]. There 
has been no systematic analysis of ciprofloxacin resistance 
associated with particular genetic back grounds or diseas- 
es [10]. This study involves ciprofloxacin resistant MRSA 
and MSSA isolates, their genetic backgrounds and muta- 
tions important in causing the resistance as we have ana- 
lyzed the clonal complexes present among Indian S. au- 
reus isolates in an earlier study [11]. ST772 (single lo- 
cus variant of ST1) is one of the prominent sequence 
types present among Indian community associated S. au- 
reus, and there is not much information on resistance to 
this antibiotic and its mechanism [11-13]. This work de- 
monstrates that a high percentage of patients in this ter- 
tiary care hospital carry CA-MRSA which is highly re- 
sistant to ciprofloxacin and a single mutation in gyrA 
gene is responsible for high resistance in ST772. Muta- 
tions among S. aureus isolates from other genetic back 
grounds are also examined. 

2. Materials and Methods 
2.1. Sample Collection 
Single sample was collected from each in-patient after 
admission and cultured for S. aureus within 48 hrs after 
admission. Forty eight S. aureus isolates were collected 
over a period of three months (between November 2011 
and February 2012) from St. John’s Medical College, a 
tertiary care teaching hospital, Bengaluru, India. Com- 
munity associated (CA) S. aureus was defined according 
to Centers for Disease Control and Prevention (CDC) 
definition for CA-MRSA when patients did not meet any 
of the following criteria: 1) history of hospitalization, 
surgery, or dialysis within one year of the SA culture; 2) 
presence of an indwelling catheter or a percutaneous de- 
vice at the time of culture.  

Hospital had obtained the informed consent from each 
patient after explaining the purpose of collection. The 
mean age of the patient was around 40. 

Clinical History: Forty percent of patients had super- 
ficial skin infections, 29% profound skin infections, 17% 
pneumonia, 6.3% bone and joint infections, and 8.3% 

other infections. Major risk factors for infection were di- 
abetes, immuno suppression and burns. 

2.2. Phenotypic Characterization 
S. aureus isolates were selected after growth on chromo- 
genic agar medium (chromAgar, bioMérieux, Marcy- 
L’Etoile, France) and identified as described elsewhere 
[14]. 

2.3. Antibiotic Susceptibility and Minimal  
Inhibitory Concentration (MIC)  
Determination 

Antibiotic susceptibility testing was performed for eryt- 
hromycin, gentamicin, amikacin, tetracycline, chloram- 
phenicol and ciprofloxacin by Kirby-Bauer disc diffu- 
sion according to the guidelines recommended by the 
Clinical Laboratory and Standards Institute on Mueller- 
Hinton agar plates (HIMEDIA, Mumbai, India) at 37˚C. 
MIC for Ciprofloxacin was determined by the broth dilu- 
tion method in Mueller-Hinton broth (HIMEDIA) after 
24 h of incubation at 37˚C in micro titer plates [15]. 

2.4. Chromosomal DNA Isolation 
DNA was isolated from 18 hour grown cultures in BHI 
broth according to previously published procedures [16]. 

2.5. Molecular Characterization 
Staphylococcal cassette chromosome mec (SCCmec) typ- 
ing was carried out by determining the type of mec and 
ccr complexes and identification of SCC mec types III, 
IV and V by an updated multiplex PCR using published 
procedures and primers [17-19]. Detection of the Panton 
Valentine Leukocidin (pvl) gene and accessory gene reg- 
ulator (agr) typing was carried out by PCR and multiplex 
PCR respectively [20,21]. 

2.6. Staphylococcal Protein A (spa) Typing and  
Multi Locus Sequence Typing (MLST) 

Spa typing was performed according to the procedure of 
Shopsin et al. and MLST by Enright et al. [22,23]. Puls- 
ed Field Gel Electrophoresis: PFGE was performed us- 
ing conditions described previously after restriction dige- 
stion using SmaI enzyme (Fermentas, India) and CHEF- 
DRIII (BioRad Laboratories [India] Private Limited, Ben- 
galuru, India) device [16]. 

2.7. Detection of Mutations 
Four independent PCRs were carried out to amplify DNA 
from the quinolone determining region (QRDR) of the 
gyrA, gyrB, grlA and grlB using the primer sequences 
published for the four genes [10]. PCR products were 
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purified (QiaQuick PCR purification kit; QIAGEN GmbH, 
Hilden, Germany) and commercially sequenced (Macro- 
gen, Inc, Seoul, South Korea). Wild type sequences and 
mutations were identified by comparison with the pub- 
lished sequences of ciprofloxacin sensitive S. aureus strains 
ATCC 12600 and RN4220 for gyrA, gyrB [24] and grlA, 
grlB [25] respectively. 

2.8. Generation of in Vitro Ciprofloxacin  
Resistance in Ciprofloxacin Sensitive ST772  
Isolates 

Two ciprofloxacin sensitive ST772 isolates with MIC 
<2.0 µgml−1 were chosen and passaged in Mueller Hin- 
ton broth containing increasing concentrations of ciprof- 
loxacin (0.5, 5.0, 50.0 and 500 µg−1) growing at each 
concentration for 48 hrs before increasing to the next. 
DNA was made at each step, PCRs were performed for 
gyrA, and PCR purified products were sequenced. 

3. Results and Discussion 
3.1. Community and Health Care-Associated  

S. aureus among Admitted Patients 
Data collected from interviews and culture results of 48 
patients, indicate that about 71% of the admitted patients 
are colonized with CA and 29% with HA S. aureus ac- 
cording to the criteria given earlier. This is indicative of 
high rate of colonization among Indian community with 
S. aureus which could be making an entry in to the hos- 
pital. But dividing samples as coming from the commu- 
nity or hospital based on culture results within or after 48 
hrs of admission to the hospital under Indian conditions 
is problematic due to difficulty in gathering accurate data 
on stay in hospitals, antibiotics taken etc. Most patients 
would be visiting multiple hospitals and are perhaps not 
aware of nature of medicines taken. An additional limita- 
tion to arrive at conclusions about CA or HA status is the 
small sample size in this study. 

3.2. Molecular Characterization 
Among 48 S. aureus isolates studied, 43 were ciproflox- 
acin resistant and 5 were sensitive out of which 40% of 
the isolates were from superficial skin, 29% from pro- 
found skin infections, 17% from pneumonia, 6.3% from 
bone osteomyelitis/osteitis, and rest from others (eye, se- 
pticemia, UTI etc.: 8.3%). Table 1 presents the antibiotic 
sensitivity of the isolates to erythromycin, gentamicin, 
amikacin, tetracycline, chloramphenicol and ciprofloxa- 
cin. Majority of isolates were resistant to erythromycin 
while the other antibiotics were resistant to varying de- 
grees. Out of 19 isolates from superficial skin infections, 
17 were ciprofloxacin resistant and 2 were sensitive. Out 
of 14 isolates from profound skin infections, 12 were 

ciprofloxacin resistant and 2 sensitive. Among pneumo- 
nia and osteomyelitis isolates, all were ciprofloxacin re- 
sistant. The minimum inhibitory concentrations (MIC) of 
all ciprofloxacin resistant isolates were >512 µg·ml−1 and 
sensitive isolates were <2 µg·ml−1. Molecular characte-
rization of the 48 isolates is presented in Table 2. Among 
these 48 isolates collected within the span of 3 months, 
27 MRSA isolates belonged to the following sequence 
types (ST): ST772 (59.3%), ST239 (26%), ST22 (11%), 
and ST1208 (4%). Except for two ST772 isolates (1 
MSSA and MRSA each) which were ciprofloxacin sensi- 
tive, all the rest were resistant. There was wide diversity 
of STs among the 21 MSSAs and they belonged to 
ST772 (9.5%), 30 (28.6%), 291 (9.5%), 5 (19.0%), 7 
(9.5%), 9 (4.8%), 672 (4.8%), 88 (4.8%), 779 (4.8%) and 
1 (4.8%) of which 17 were ciprofloxacin resistant. Single 
isolate of S. aureus ST779 (first reported in Ireland) was 
ciprofloxacin sensitive and has not been reported in India 
till now. Among the ciprofloxacin resistant isolates be- 
longing to various STs, ST772 constitute 37.5% of total 
isolates (18/48) and 59.2% (16/27) ciprofloxacin resistant 
MRSA isolates. Majority of infections caused by ST772 
were skin and soft tissue infections (83% SSTI) while 
ST30 and ST5 were responsible for 50% and ST239 for 
43% SSTI. Figure 1 depicts pulsed Field Gel Electro- 
phoresis (PFGE) patterns and dendrogram of all ciproflo- 
xacin resistant isolates, their genetic back ground and 
their relatedness. 

3.3. Relationship between Ciprofloxacin and  
Methicillin Resistance 

Several previous studies have indicated that a high per- 
centage of MRSA are resistant to ciprofloxacin compared 
to MSSA [26]. This seems to be true of clinical infec- 
tions of various organs including the eye although resis- 
tance has been reported to be on the rise even among the 
MSSA [27,28]. Among the isolates we have studied, high 
ciprofloxacin resistance (>512 µg·ml−1) is prevalent  
 
Table 1. Clinical background and antibiotic sensitivity of 48 
S. aureus isolates. 

Clinical  
Background (N) 

E 
(R/S) 

Gen      
(R/S) 

Ami 
(R/S) 

TE 
(R/S) 

Chlo 
(R/S) 

Cip 
(R/S) 

Skin superficial  
infections (19) 8/11 7/12 0/19 2/17 1/18 17/2 

Skin profound  
infections (14) 7/7 8/6 2/12 3/11 1/13 12/2 

Sputum  
pneumonia (8) 4/4 3/5 2/6 0/8 0/8 8/0 

Bone  
osteomyelitis (3) 3/0 1/2 1/2 1/2 0/3 3/0 

Others (4) 2/2 3/1 2/2 2/2 0/4 3/1 

R: Resistant, S: Sensitive, E: Erythromycin, Gen: Gentamicin, Ami: Amika- 
cin, TE: Tetracyclin, Chlo: Chloramphenicol, Cip: Ciprofloxacin. 
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Table 2. Molecular characterization of ciprofloxacin sensitive and resistant MRSA and MSSA isolates. 

ST/No 
*SST/PNA 

/BJI/other N 
HA/CA 

N MRSA MSSA SCCmec 
type 

spa type 
MRSA/MSSA N/N agr type pvl 

ST772/18 15/2/1/0 5/13 16 2 V 

t657 (14/0), 
t3387 (2/0), 
t11383 (0/1) 
t345 (0/1) 

II 18 

ST239/7 2/1/3/1 2/5 7 0 III/IIIA t037 (7/0) I 0 

ST30/6 3/2/1/0 2/4 0 6  t021 (0/5) 
t4109 (0/1) III 6 

ST5/4 2/1/0/1 2/2 0 4  t442 (0/3), 
t491 (0/1) II 2 

ST22/3 2/1/0/0 3/0 3 0 IV t852 (3/0) I 3 

ST291/2 1/1/0/0 0/2 0 2  t1149 (0/1), 
t3096 (0/1) 

 
I 

 
0 

ST7/2 2/0/0/0 0/2 0 2  t091 (0/1), 
t1243 (0/1) I 0 

ST9/1 1/0/0/0 0/1 0 1  t547 (0/1) II 0 

ST1208/1 0/0/1/0 0/1 1 0 V t064 (1/0) I 0 

ST672/1 1/0/0/0 0/1 0 1  t3841 (0/1) I 0 

ST88/1 1/0/0/0 0/1 0 1  t186 (0/1) III 0 

ST1/1 1/0/0/0 0/1 0 1  t1109 (0/1) III 1 

ST779/1 0/0/0/1 0/1 0 1  t878 (0/1) III 0 

*SST: Skin and soft tissue; PNA: Pneumonia; BJI: Bone and joint infection; Other: CCV line, UTI, Eye sepsis, Blood sepsis. 
 

 
Figure 1. PFGE patterns and dendrogram of ciprofloxacin 
resistant and sensitive isolates belonging to different genetic 
backgrounds. 
 
among MRSA and MSSA, the number of MSSA isolates 
studied being lower. High resistance is observed across 
all isolates with different genetic and clinical backgrounds. 
Although it is difficult to categorize S. aureus as com- 
munity or hospital associated among Indian isolates, from 
the molecular characterization data, it is clear that cipro- 
floxacin resistance is more prevalent in MRSA carrying 
SCCmec elements IV and V (ST772, 22, 1208) than III 
(ST239) indicating S. aureus of community rather than  

nosocomial origin. Ciprofloxacin resistant MSSA isolates 
belong to more diverse genetic backgrounds of ST30, 5, 
772, 291 etc., also pointing to community origin of the 
organism. From our data collected in 2003-4 on molecu- 
lar characterization of S. aureus collected from this and 
few other Indian hospitals, it was apparent that majority 
of isolates were MRSA belonging to ST239 carrying 
SCC mec elements III or IIIa [16]. A percentage distribu- 
tion of 41, 34 and 25 for presence of SCCmec elements 
V, IV and III respectively, has been published for S. au- 
reus collected in a tertiary care hospital in Mumbai, India, 
from 2006-9 [12]. Our samples collected three months 
ago have significantly higher proportion of ST772 isolates 
in this tertiary care hospital. 

3.4. Mutations 
As our isolates belonged to a diverse group of STs, with 
different genetic back grounds, we studied the mutations 
in gyrA, gyrB, and grlA, grlB genes that have been shown 
to play a prominent role in resistance. PCRs were done 
for the four products using published primers and puri- 
fied PCR products were sequenced to check for muta- 
tions in the four genes as shown in Table 3. A common 
mutation in gyrA serine 84 to leucine was found in S. 
aureus isolates of all genetic back grounds. STs 772, 30, 
291, 5, 7, and 672 had only this mutation in gyrA while   
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Table 3. Mutations in gyrA, gyrB, grlA and grlB genes among S. aureus Isolates of Different Genetic Backgrounds. 

Gene ST/No MSSA/MRSA(N) Base change Amino acid change 

Cip-R     

gyrA 772/16 1/15 251(C→T) S84→L 

 239/7 0/2 251(C→T), S84→L 

  0/3 258(T→C), 251(C→T), S84→L, None 

  0/1 251(C→T), 376(G→T), 258(T→C) S84→L, A125→S, None 

  0/1 251(C→T), 338(T→C), 258(T→C) S84→L, M113→T 

   309(T→C), 315(T→C), 330(T→C), None 

   348(T→C)  

 30/6 6/0 251(C→T) S84→L 

 22/3 0/2 251(C→T) S84→L 

  0/1 371(C→T), 372(T→G), 373(G→C) S84→L, T124→M, E125→Q 

 291/2 2/0 251(C→T) S84→L 

 5/4 4/0 251(C→T) S84→L 

 1208/1 0/1 371(C→T), 372(T→G), 373(G→C) S84→L, T124→M, E-125→Q 

 7/2 2/0 251(C→T) S84→L 

 9/1 1/0 371(C→T), 372(T→G), 373(G→C) S84→L, T124→M, E-125→Q 

 672/1 1/0 371(C→T) S84→L 

gyrB 772/16 1/14,0/1 None, 1335(T→A) None 

 239/7 0/7 1398(A→G) None 

 30/6 2/0,4/0 None, 1398(A→G) None 

 22/3 0/1,0/1,0/1 None, 1446(C→T), 1353(G→A) None 

 291/2 1/0,1/0 None, 1302(C→T), 1317(C→T) None 

 5/4 4/0 None None 

 1208/1 0/1 None None 

 7/2 1/0,1/0 None, 1320(G→A) None 

 9/1 1/0 1320(G→A) None 

 672/1 1/0 None None 

grlA 772/16 0/15, 239(C→A) S80→Y 

  1/0 239(C→A), 241(T→C) S80→Y, S81→P 

 239/7 0/5 239(C→T) S80→F 

  0/2 239(C→T), 241(T→C) S80→F, S81→P 

 30/6 6/0 239(C→T),430(C→T) S80→F, P143→S 

 22/3 0/3 239(C→T) S80→F 

 291/2 1/0 239(C→T) S80→F 

  1/0 230(C→T), 239(C→T), 243(A→G), 250(G→C) None, S80→F, None, E84→Q 

 5/4 4/0 239(C→T) S80→F 

 1208/1 0/1 239(C→A) S80→Y 

 7/2 2/0 239(C→T) S80→F 

 9/1 1/0 239(C→T) S80→F 

 672/1 1/0 239(C→T) S80→F 

OPEN ACCESS                                                                                         AiM 



B. CHAKRAKODI  ET  AL. 138 

Continued 

grlB 772/16 1/15 1491(T→A) None 

 239/7 0/1,0/2,0/1 1293(T→C), 1491(T→A), 1198(A→C) None, None, K399→Q 

  0/1 1318(C→T), 1491(T→A) L439→F, None 

  0/1 1198(A→G), 1491(T→A) K399→E, None 

  0/1 1491(T→A) None 

 30/6 6/0 1260(C→T), 1263(T→A) None, None 

   1266(A→T), 1392(A→G) E422→D, None 

   1482(T→C), 1491(T→A) None, None 

 22/3 0/2,0/1 1491(T→A), 1200(G→A), 1491(T→A) None, None 

 291/2 2/0 1260(C→T), 1263(T→A), 1266(A→T), None, None, E422→D 

   1392(A→G), 1482(T→C), 1491(T→A) None, None, None 

 5/4 1/0,1/0 1491(T→A), 1200(G→A), 1202(G→A) None, None, K400→E 

  2/0 None None 

 1208/1 0/1 1294(G→A), 1491(T→A) D431→N, None 

 7/2 1/0 1465(A→T), 1466(A→T) K489→F, None 

  1/0 1467(A→T), 1478(G→T), 1491(T→A) S493→I, None, None 

 9/1 1/0 1432(C→T), 1491(T→A) H477→Y, None 

 672/1 1/0 1491(T→A), 1492(T→A) None, None 

   1283(T→C), 1284(A→C) L428→S, None 

Cip-S     

gyrA 772/2 1/1 None None 

gyrB 772/2 1/1 None None 

grlA 772/2 1/1 239(C→A), 239(C→T) S80→Y, S80→F 

grlB 772/2 1/1 1491(T→A) None 

 
few isolates belonging to STs 239 (2/7), 22(1/3), 
1208(1/1) and 9(1/1) had other mutations in addition to 
serine 84 to leucine mutation. There were no mutations 
in protein sequences in gyrB while there were few base 
changes in some STs. GrlA mutations are known to play 
an important role in ciprofloxacin resistance among 
MRSA. ST772 and ST1208 S. aureus isolates had muta- 
tion in 239(C→A) and change of serine to tyrosine while 
other STs had mutation in 239(C→T) and change of se- 
rine to phenylalanine. But ciprofloxacin sensitive ST772 
(MSSA and MRSA) also contained the same mutations 
in grlA and hence this mutation does not seem important 
at least in ST772. As we did not have ciprofloxacin sen- 
sitive and resistant isolates in other STs to analyze the 
changes in these genes, we are not certain about the role 
of this mutation. There were several base changes in grlB 
with very few amino acid changes. Ciprofloxacin sensi- 
tive as well as resistant ST772 isolates did not have any 
change in bases or amino acids in grlB (Figure 2). 

3.5. Number of Mutations 
In the last twenty years, S. aureus isolates from different 
parts of the globe have been tested for mutations causing 
ciprofloxacin resistance [3]. Schmitz et al. had tested 
isolates from seven different countries and had found that 
all isolates that did not have grlA mutation were ciprof- 
loxacin susceptible and all isolates which had grlA muta- 
tion of Ser-80→Phe and gyrA mutation of Ser-84→Leu 
or Glu-88→Lys had an MIC of > 4 µg·ml−1 [10]. Ng et 
al. had provided evidence that grlA was the primary tar- 
get of fluoroquinolones in S. aureus and not gyrA [6]. 
There was a large study in Japan with 451 isolates look- 
ing at gyrA mutations where Ser-84→Leu or Ser-84→ 
Val showed the highest level of resistance, and Glu-88→ 
Lys the second highest level of resistance to FQs. The re- 
sistance of strains with double mutations was higher than 
ones with single mutations [29]. The same studies have 
shown increasing MIC to ciprofloxacin with multiple 
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Figure 2. ClustalW alignment of gyrA gene sequences of ciprofloxacin passaged ST772 MSSA and MRSA with ciprofloxacin 
sensitive control ATCC12600. 
 
mutations. The MICs reported in most studies were not 
as high as we are seeing in our isolates. Only one muta- 
tion Ser-84→Leu seems sufficient for six STs in our col- 
lection to become highly resistant to ciprofloxacin. As 
ST772 is 37.5% of total number of isolates and 59% of 
MRSA in our collection, a single amino acid change at 
Ser-84→Leu seems the only important factor for resis- 
tance in this major Indian ST of importance in the Indian 
hospitals and community. 

3.6. In Vitro Generation of Ciprofloxacin  
Resistance in ST772 Isolates 

As all our ciprofloxacin resistant isolates had high MIC 
(>512 µg·ml−1), we chose two ciprofloxacin sensitive 
ST772 isolates, one MSSA and one MRSA, to check mu- 
tations in gyrA gene at different concentrations of cipro- 
floxacin. We generated ciprofloxacin resistance by step 
wise exposure and examined the change in the gyrA gene 
at every step. Except for passage with 0.5 µg·ml−1 cipro- 
floxacin, all other higher concentrations up to 500 µg·ml−1 
had the same Ser-84→Leu mutation with no other change 
in the gyrA gene sequence corroborating the data obtain- 
ed from ST772 isolates from the collection. We have not 
checked with other STs as samples were few and we did 
not have ciprofloxacin sensitive S. aureus isolates. 

4. Conclusion 
Most important mutations that have been reported in the 
literature for ciprofloxacin resistance in S. aureus involve 
these four genes and our studies indicate that the majority 
of Indian STs present require only a single mutation in 
gyrA to acquire high resistance to ciprofloxacin. Few iso- 
lates from other STs, 239, 22, 1208, and 9 had multiple mu- 
tations and the roles played by these in acquiring the re- 
sistance have not been looked into. We have not studied 

roles played by other factors like efflux proteins in cipro- 
floxacin resistance in our isolates. As a single mutation is 
leading to high antibiotic resistance in Indian STs, the 
genomic background and the environment in which iso- 
lates have to survive (high usage of antibiotics in India) 
might play a very important role. Single mutation in gyrA 
gene resulting in high resistance to ciprofloxacin may 
also explain the success of ST772 as a pathogen similar 
to ST22 isolates with SNPs resulting in ciprofloxacin re- 
sistance [30]. 
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