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Fluoroquinolones were introduced for clinical use 
with the prediction of very less chances of emergence of 
resistance due to intrinsically low minimum inhibitory 

concentrations (MICs) against most of the organisms1. 
However, with the gradual but widespread use of 
fluoroquinolones owing to their added advantages 
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Background & objectives: Fluoroquinolone resistance in both Gram-positive and Gram-negative bacteria 
has increased with the widespread use of fluoroquinolones. Fluoroquinolone resistance in Gram-
negative bacilli has been widely studied, though staphylococci and enterococci are also notably resistant. 
Enterococci being the second most common cause of healthcare-associated urinary tract infections 
(UTIs) fluoroquinolones are often the drug of choice. This study was undertaken to assess the risk factors 
associated with fluoroquinolone-resistant enterococcal UTI in a tertiary level health facility in north 
India.
Methods: A total of 365 patients with UTI caused by enterococci were studied over a period of two 
years. Patients with ciprofloxacin-resistant and susceptible UTI were considered as cases and controls, 
respectively. Resistance profile of the isolates against common antibiotics was studied by minimum 
inhibitory concentration (MIC) determination. Mechanisms for fluoroquinolone resistance was studied 
by efflux pump inhibitor activity and multiplex PCR targeting the qnr genes. 
Results: A total of 204 (55.89%) cases and 161 (44.1%) controls were identified. The fluoroquinolone-
resistant isolates were significantly resistant to ampicillin, high strength aminoglycosides and 
vancomycin. The majority (78%) of the resistant isolates showed efflux pump activity. Treatment in 
indoor locations, presence of urinary catheters and pregnancy along with recent exposure to antibiotics 
especially fluoroquinolones, third generation cephalosporins and piperacillin-tazobactam were identified 
as independent risk factors.
Interpretation & conclusions: Our results showed that fluoroquinolone resistance in enterococcal UTI 
was largely associated with indoor usage of antibiotics and use of indwelling devices. Knowledge of risk 
factors is important to curb this emergence of resistance.
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like availability in oral formulations and potent 
broad spectrum activity2, reports of fluoroquinolone 
resistance came into focus. Initially the major attention 
was on Gram-negative bacilli. With time, increasing 
fluoroquinolone resistance in Gram-positive organisms, 
particularly Staphylococcus aureus, and enterococci 
became evident. Global surveillance data reveal that 
fluoroquinolone resistance increased in both healthcare 
and community-acquired urinary tract infections 
(UTIs), with more than 50 per cent resistance in some 
parts of the world, particularly Asia3.

Based on the status report of the Global Antibiotic 
Resistance Partnership, the units of antibiotics sold 
annually was highest for quinolone antibacterials4. 
Only a few studies have analyzed fluoroquinolone 
resistance in the country and most of these are in Gram-
negative organisms5-7. Fluoroquinolone resistance 
against enterococci has been reported to be above 70 
per cent8,9. This study was undertaken to analyze the 
risk factors associated with fluoroquinolone-resistant 
UTI caused by enterococci in a tertiary care hospital 
in north India. 

Material & Methods

The study was conducted prospectively for two years 
(January 2011-December 2012) in the 1200-bedded Sir 
Sunderlal Hospital and Department of Microbiology, 
Institute of Medical Sciences, Varanasi, India. All 
patients with ciprofloxacin-resistant enterococcal UTI 
were considered as cases and ciprofloxacin susceptible 
enterococcal UTI as controls. The study was approved 
by the Institute Ethical Committee, and informed 
written consent was taken from each patient.

Urine samples were collected from patients with 
signs and symptoms along with clinical diagnosis of 
UTI. Samples were consecutive, non-duplicate, either 
midstream clean catch urine collected by the patients 
following instructions or urine collected from Foley 
catheter, suprapubic aspiration, nephrostomy tube 
under aseptic conditions. Samples were plated on 
cystine lactose electrolyte deficient agar (HiMedia, 
Mumbai, India) and incubated overnight at 37°C. 
Presumptive identification of enterococci was made 
by Gram’s staining, bile esculin hydrolysis, and 
growth in 6.5 per cent sodium chloride10, followed by 
confirmation with growth at pH 9.6 and pyrrolidonyl 
β-naphthylamide (PYR broth, HiMedia) hydrolysis 
based on Facklam Collin’s classification11. Isolates 
were further speciated by an array of biochemical tests 
including carbohydrate fermentation media containing 

mannitol, sorbitol, sorbose, arabinose, raffinose, 
lactose, sucrose (Sigma, USA) and pyruvate (HiMedia) 
as per standard protocol11.

Antimicrobial susceptibility testing: Fluoroquinolone 
resistance was determined by agar dilution method12. 
Resistance to ciprofloxacin (minimum inhibitory 
concentration, MIC ≥4 µg/ml) was taken as an indicator 
of fluoroquinolone resistance. Further, antimicrobial 
susceptibility testing was performed based on 
breakpoint MIC for ampicillin (MIC ≥16 µg/ml), high 
strength gentamicin (MIC ≥500 µg/ml), high strength 
streptomycin (MIC ≥2000 µg/ml), vancomycin 
(MIC ≥6 µg/ml) (HiMedia) for all the enterococcal 
isolates based on CLSI guidelines12. Susceptibility to 
nitrofurantoin (300 µg/disc) and linezolid (30 µg/disc) 
(HiMedia) was determined by Kirby-Bauer disc 
diffusion method12.

Determination of alternative mechanisms of 
fluoroquinolone resistance: With the aim of studying 
efflux mediated ciprofloxacin resistance in the 
enterococcal isolates, MIC levels for ciprofloxacin was 
determined and compared by agar dilution method in 
the presence and absence of efflux inhibitor carbonyl 
cyanide m-chlorophenyl hydrazine (CCCP) (Sigma, 
USA). Stock solution of CCCP was prepared in 
dimethyl sulphoxide, and final concentration of 20 mg/
ml was used13. Efflux pump activity was studied in 100 
randomly chosen ciprofloxacin resistant isolates and 50 
ciprofloxacin susceptible isolates. Two-fold or greater 
reduction in MIC levels was considered as indicative 
of efflux pump activity in the resistant isolates.

For determination of qnr mutants, two multiplex 
PCR were performed for the detection of qnr A1, 
B1, S1 and qep genes and qnr C, D and aac(6’)-Ib-cr 
genes as described elsewhere14,15. Briefly, for the first 
multiplex PCR, following reaction conditions were 
applied: initial denaturation at 95°C for two minutes; 
30 cycles of 95°C for 20 sec, 52°C for one minute 
and 72°C for one minute 20 sec; and a final extension 
at 72°C for seven minutes. In the next multiplex, the 
annealing temperature was changed to 51°C.

Definition of cases and controls and data collection: 
All those patients with UTI due to fluoroquinolone-
resistant enterococci were considered as cases, and 
those with UTI due to fluoroquinolone-susceptible 
enterococci were considered as controls. Colonization 
and infection were clearly differentiated based on the 
following criteria: the presence of signs and symptoms 
of UTI along with clinical diagnosis of the same, 
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including only those patients where Enterococcus as a 
single uropathogen was isolated in a significant number 
(≥105 cfu/ml) and isolation of the same organism on 
repeated culture. Only a single episode of enterococcal 
UTI per patient was included in the study.

Data were collected from hospital records and 
patients’ treatment cards and history based on age, 
sex, department in the hospital where treatment was 
being undertaken, history of admission to long-term 
care facilities including oncology, burn and dialysis 
units within 30 days prior to the diagnosis of UTI, 
presence of urinary catheters, presence of other 
invasive devices such as nephrostomy tube, ureteric 
stents, intravenous catheters and presence of urological 
anomalies like renal functional disorders requiring 
dialysis or structural renal diseases like calculi and 
hydronephrosis, underlying chronic prostatitis in males 
and UTI in pregnancy.

Owing to lack of satisfactory history of prior 
antibiotic intake due to poor socio-economic and 
educational status of the patients to provide reliable 
treatment history as well as insufficient medical records, 
this factor could not be included in the study. To meet this 
end, 50 enterococcal isolates were collected from stool 
of non-hospitalized patients without any history of prior 
antibiotic intake for more than three weeks. Similarly, 
enterococcal isolates were also collected from stool of 
patients with prolonged hospitalization (greater than 
seven days) on antibiotics from the Intensive Care Unit. 
The fluoroquinolone-resistant enterococcal carriage 
rates in stool were compared between these two groups. 
In addition, information regarding previous exposure to 
antibiotics within past one month period was collected 
and compared from cases and controls hospitalized in 
the indoor units of the hospital during the study.

Statistical analysis: Continuous variables were 
expressed as median values. Categorical variables 

were expressed as proportion and compared using chi 
square test. To identify the potential independent risk 
factors for fluoroquinolone-resistant enterococcal UTI, 
a multivariate analysis was done. In the multivariate 
model, those variables with P<0.05 in univariate 
analysis were included. All the statistical analysis was 
performed by SPSS version 19 (Armonk, New York, 
USA).

Results

A total of 387 patients with enterococcal UTI were 
noted during the study period. However, 22 patients 
were not included due to insufficient data for analysis. 
Finally, 365 episodes of enterococcal UTI were 
studied comprising 204 fluoroquinolone-resistant cases 
(55.89%), and 161 fluoroquinolone-susceptible (44.1%) 
controls. The power of the study was 85 per cent.

Of the 365 enterococcal isolates, 169 were 
Enterococcus faecalis, 148 were E. faecium and 48 
belonged to other enterococcal species (23 E. durans, 
18 E. hirae, 2 E. gallinarum, 3 E. dispar and 2 
E. pseudoavium).

The antimicrobial resistance profile of all the 
isolates is shown in Table I. Fluoroquinolone-
resistant isolates were significantly resistant than the 
fluoroquinolone-susceptible isolates to ampicillin 
(P<0.001), high strength gentamicin (P<0.001), high 
strength streptomycin (P<0.001) and vancomycin 
(P=0.01). None of the isolates were resistant to 
linezolid.

Study of the mechanisms of resistance revealed that 
MIC levels decreased in 78 of the 100 ciprofloxacin 
resistant isolates in the presence of CCCP. The MIC 
levels decreased more than four-fold in 10 (10%) 
isolates, four-fold in 36 (36%) and two-fold in 32 (32%) 
isolates. No effect of efflux pump activity was seen in 
22 resistant isolates. Among the susceptible isolates, 

Table I. Antimicrobial resistance profile of the enterococcal isolates causing urinary tract infection among the cases and controls
Antibiotics Number (%) of resistant isolates 

among the cases (n=204)
Number (%) of resistant isolates 

among the controls (n=161)
Ampicillin 53 (25.98)*** 2 (1.2)
Nitrofurantoin 25 (12.25) 13 (8.07)
High strength gentamicin 173 (84.8)*** 14 (8.6)
High strength streptomycin 107 (52.45)*** 3 (1.8)
Vancomycin 18 (8.8)** 3 (1.8)
Linezolid 0 0
P **<0.01, *** <0.001 compared to controls
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no effect of efflux pump inhibitors was seen. All the 
resistant isolates showing four-fold or greater reduction 
in MIC were isolated from cases with previous history 
of fluoroquinolone use either as monotherapy or as a 
combination with other drugs. None of the resistant 
isolates showed the presence of any qnr genes. None of 
the departments where the patients were located were 
significantly associated with fluoroquinolone-resistant 
UTI. 

Demographic characteristics and associated 
factors of the cases and controls are shown in Table II. 
Median age (30 yr) was comparable in both groups. 
Univariate analysis revealed that indoor location of the 
patients [odds ratio (OR) = 2.01, P=0.002], indwelling 
urinary catheters (OR = 2.22, P=0.005) and UTI in 
pregnancy (OR = 3.79, P=0.017) were significant 
risk factors associated with fluoroquinolone resistant 
enterococcal UTI. In general, overall exposure to 
antibiotics (OR = 3.27, P=0.011) was significantly 
greater among the cases with recent exposure to 
fluoroquinolones, third generation cephalosporins and 
piperacillin-tazobactam, in particular, being specifically 
associated with fluoroquinolone-resistant enterococcal 
UTI (Table III). These factors were independently 
associated with fluoroquinolone resistance as revealed 
by multivariate analysis.

The presence of fluoroquinolone-resistant 
enterococci in stool as commensals in those without any 
recent antibiotic intake was nearly 20 per cent (11/50), 

whereas fluoroquinolone-resistant enterococcal 
carriage rate in stool of hospitalized patients was 
68 per cent (34/50) (OR = 6.56, P<0.001).

Discussion

The most frequent infections caused by enterococci 
are UTI9 and enterococci is also being reported as the 
most common urinary isolate after Escherichia coli 
and Klebsiella spp.16,17. Enterococcal fluoroquinolone 
resistance has been estimated to be 59 per cent in 
hospital acquired UTI and stated to be frequent in 
community-acquired UTI3. Consequently, identification 
of risk factors associated with this resistance is of 
prime importance. Based on local epidemiology and 
treatment practices, risk factors may vary. In this 
study, indoor location of patients, cases of complicated 
UTI, specifically presence of urinary catheter and UTI 
in pregnancy along with recent exposure to third-
generation cephalosporins, fluoroquinolones and 
β-lactamase inhibitors (piperacillin-tazobactam, in 
particular) were found as independent risk factors for 
fluoroquinolone-resistant enterococcal UTI.

In general, three mechanisms of fluoroquinolone 
resistance have been proposed among which mutations 
at the gyrA and/or ParC genes is commonly implicated 
in enterococcal resistance18. Along with this, the 
presence of efflux pump reducing drug accumulation 
and plasmid-mediated quinolone resistance through 
qnr genes have also been described19. Although none 

Table II. Risk factors associated with urinary tract infection caused by enterococci
Characteristics Cases n=204 (%) Controls n=161 (%) Univariate 

OR (CI)
P Multivariate 

OR (CI)
P

Median age (yr) 30 (one month to 88 yr) 30 (10 months to 82 yr)
Male sex 116 (56.86) 79 (49.06) 1.36 (0.90-2.07) 0.138
Indoor location 88 (43.13) 44 (27.32) 2.01 (1.29-3.14) 0.002 1.67 (1.32-1.97) 0.04
Age >50 yr 53 (25.98) 49 (30.43) 0.80 (0.50-1.27) 0.346
Prior admission 
in long-term care 
facilities

39 (19.11) 22 (13.66) 1.01 (0.56-1.80) 0.973

Indwelling 
catheters

51 (25) 21 (13.04) 2.22 (1.27-3.88) 0.005 1.46 (1.23-1.55) 0.006

Invasive devices 25 (12.25) 14 (8.6) 1.46 (0.73-2.92) 0.276
Underlying 
urological 
anomaly

35 (17.15) 20 (12.42) 1.46 (0.80-2.64) 0.211

Chronic prostatitis 25 (25/116, 21.55) 18 (18/79, 22.78) 1.10 (0.58-2.11) 0.751
Pregnancy 18 (18/88, 20.54) 4 (4/82, 4.8) 3.79 (1.25-11.45) 0.017 2.67 (1.52-8.45) 0.020
OR, odds ratio; CI, confidence interval
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of the qnr genes was detected in the study isolates, 
efflux activity contributed considerably to resistance in 
the enterococcal isolates. Prominent efflux activity was 
seen in those isolates collected from patients with prior 
fluoroquinolone use. This finding is in concordance 
with another study20, suggesting that exposure to 
fluoroquinolones often poses as an important risk 
factor for increased expression of these efflux pumps 
mediating resistance.

According to Infectious Diseases Society of 
America guidelines, ciprofloxacin is the drug 
recommended for treatment of UTI, due to 
increasing evidence of resistance with trimethoprim/
sulphamethoxazole21. However, in cases of enterococcal 
UTI, fluoroquinolones are often the first drug 
because of intrinsic inactivity against trimethoprim/
sulphamethoxazole22. Enterococcal resistance to 
fluoroquinolones has already been documented in 
several studies from India8,9,18,23. In addition, we found 
simultaneous significant resistance of these isolates to 
other groups of antibiotics namely the aminoglycosides 
and vancomycin, thus narrowing the therapeutic 
options. Like another study24, nitrofurantoin proved to 
be a better alternative for these resistant strains, but not 
without its side effects. Therefore, along with rising 
prevalence of fluoroquinolone resistance, deciding on 
the effective empirical treatment adds to the existing 
problem in these UTI patients.

Fluoroquinolones are considered to be the most 
commonly used antibiotics in long-term care facilities 
and the second most common in hospitals in the US1. An 
increased ciprofloxacin and levofloxacin resistance in 
clinical isolates in the UK has been probably associated 
with increased use of enrofloxacin and flumaquine in 

animals in the study region25. It was earlier noted that 
about 15 years back, even in countries of restricted 
antibiotic use like Spain, nearly 29 per cent of indoor 
fluoroquinolone administration as a first-line drug 
was done following accepted guidelines26 suggesting 
indiscriminate use in hospital settings. In India also 
ciprofloxacin and levofloxacin are most commonly 
used drugs for UTI16. Besides, ciprofloxacin was 
the most common antibiotic prescribed in outdoor 
settings of a tertiary care hospital in western India, thus 
implying its widespread use27. 

Recent hospitalization, catheterization, 
fluoroquinolone usage, invasive procedures, recurrent 
UTI, old age, underlying chronic conditions, and 
urological anomalies have been found responsible for 
fluoroquinolone resistance in UTI, mostly from Gram-
negative organisms28. Studies on fluoroquinolone-
resistant enterococcal UTI have concluded that recent 
exposure to fluoroquinolones18 and other antibiotics29, 
along with recent hospitalization (less than or equal to 
two weeks) are significant risk factors. In this study, 
complicated UTI due to catheterization and pregnancy 
were found to be significant independent risk factors. 
Enterococci usually interact with the host with initial 
colonization followed by long-term persistence and 
gradual infections30. This might account for increasing 
UTI in patients with indwelling catheters and pregnancy, 
both conditions promoting initial colonization.

Our study had certain limitations. First, risk factors 
could not be assigned based on hospital acquired and 
community acquired UTI as done in the majority of the 
well-designed studies28,29. Second, specific antibiotics 
could not be attributed for enterococcal UTI for all the 
patients studied. However, use of fluoroquinolones and 

Table III. Exposure to antibiotics among the cases and controls
Antibiotics Cases n=88 (%) Controls n=44 (%) Univariate OR (CI) P Multivariate OR P
Metronidazole 36 (40.9) 13 (29.54) 1.65 (0.76-3.51) 0.20
Third generation 
cephalosporin

58 (65.9) 17 (38.63) 2.72 (1.27-5.84) 0.009 3.84 (0.8-7.21) 0.001

Fluoroquinolones 67 (76.13) 20 (45.45) 3.8 (1.77-8.26) 0.0006 2.9 (1.24-8.09) 0.001
Vancomycin 13 (14.7) 3 (6.81) 2.13 (0.57-7.96) 0.257
Imipenem 29 (32.95) 9 (20.45) 1.87 (0.79-4.42) 0.148
Piperacillin-tazobactam 41 (46.59) 7 (15.9) 4.61 (1.85-11.45) 0.001 5.29 (1.02-12.68) 0.03
Amikacin 34 (38.63) 11 (25) 1.88 (0.84-4.22) 0.122
Linezolid 9 (10.22) 1 (2.2) 4.98 (0.6-39.96) 0.137
All antibiotics# 78 (88.63) 31 (70.45) 3.27 (1.29-8.23) 0.011 2.74 (1.47-7.62) 0.001
#Any of the mentioned antibiotics either alone or in combination. OR, odds ratio; CI, confidence interval
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other antibiotics were significantly higher among the 
indoor patients, and this factor along with prolonged 
hospitalization also resulted in increased colonization 
with fluoroquinolone-resistant enterococci in this study. 
Fluoroquinolone usage has been shown to be directly 
associated with fluoroquinolone-resistant organisms 
carriage in stool29. 

In conclusion, indoor location, indwelling 
urinary catheters and pregnancy were found to be 
independent risk factors. In addition, recent exposure 
to fluoroquinolones, third generation cephalosporins 
and piperacillin-tazobactam were also identified as 
independent risk factors contributing to resistance. 
Avoiding unnecessary usage of antibiotics both in 
hospitals and community along with limited use of 
catheters can make situations better. More studies on 
the likely causes of the emergence of fluoroquinolone 
resistance and strategies for control will provide a 
better understanding of the situation.
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