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Patients taking quinolones as inpatients (n � 55) or outpatients (n � 40) and newly hospitalized patients
who were not on quinolone therapy (n � 41) were assessed for fecal carriage of quinolone-resistant Escherichia
coli (QREC) strains before and after therapy/hospitalization. Fluoroquinolone use in the previous 6 months
was found to be a risk factor for QREC carriage before therapy/hospitalization. The prevalence of QREC
strains in fecal flora increased steadily with the duration of quinolone therapy.

Quinolones, with their enhanced systemic activity against
many gram-negative aerobes, have been widely used since the
first introduction of ciprofloxacin in 1987 (3). It was suggested
that the rapid bactericidal activity of quinolones would be
advantageous for minimizing resistance. However, as the use
of fluoroquinolones has increased, the occurrence of strains
with decreased susceptibility or with resistance has also in-
creased (10, 12). Formerly, the quinolone-resistant microor-
ganisms were mainly recovered from hospital or intensive care
unit infections. Recently, though, we have seen quinolone-
resistant community-acquired infections, of which urinary tract
infections are the most challenging (2, 6). Studies revealing the
effects of quinolones on the intestinal flora have shown that
quinolones might select quinolone-resistant Escherichia coli
(QREC) strains especially when used for prophylaxis in neu-
tropenic patients or for the treatment of urinary tract infec-
tions (4, 8, 11). We have determined the prevalence of and risk
factors for the fecal carriage of QREC strains and its relation-
ship with the use and duration of quinolone therapy on an
inpatient and outpatient basis.

A total of 150 patients were enrolled in the study. Fourteen
patients were excluded because they did not complete fol-
low-up visits. Quinolone therapy was prescribed for 95 patients
(59 [62%] female) for either 7 or 10 days. Fifty-five patients
were treated as inpatients (group A) and 40 as outpatients
(group B). The mean age � standard deviation was 52 � 15
years. Fifty-five patients (58%) received ciprofloxacin, 30
(31.6%) received moxifloxacin, and 10 (10.5%) received levo-
floxacin. A third group (group C) consisting of 41 patients who
were newly hospitalized but did not receive quinolone therapy
was also included. For the majority of the patients (70.5%),
quinolone was prescribed for the treatment of urinary tract
infections and/or lower respiratory tract infections. A standard
questionnaire was given to all patients, and the data related to

age, sex, underlying disease, and receipt of quinolone or other
antimicrobials or hospitalization in the previous 6 months were
collected. Written informed consent was obtained from all
patients.

We collected fecal samples from all patients at day zero, as
the baseline to detect the colonization rate of QREC strains
before therapy (groups A and B) or before hospitalization
(group C), and then on days 3 and 6 for patients (n � 48)
receiving a 7-day course of treatment and on days 3, 6, and 9
for patients (n � 47) receiving a 10-day course of treatment.
Group A patients were divided into two subgroups (A1 and A2)
for day zero analysis only. Thirty-three were patients hospital-
ized for �72 h (A1), and 22 were hospitalized for �72 h (A2).
In detecting the baseline colonization rate of QREC at day
zero, we analyzed group B and group A2 together, representing
the outpatient colonization rate. The fecal specimens of group
C patients were also cultured before hospitalization (day zero)
and on hospital days 3, 6, and 9 in order to detect the effect of
hospitalization alone on QREC carriage.

Fecal samples were transferred to the laboratory in a trans-
port medium and inoculated within 12 h of collection onto
eosin methylene blue agar (Becton Dickinson, TX) supple-
mented with 1 �g/ml ciprofloxacin. The susceptibility break-
point against E. coli bacteria was determined as 1 �g/ml ac-
cording to the CLSI criteria (5). Isolates were identified to the
species level by using conventional methods. Lactose-ferment-
ing, indole-positive colonies were identified as E. coli bacteria.
MICs were determined by the agar dilution method according
to the CLSI criteria. E. coli ATCC 25922 was used for quality
assurance.

Categoric variables were compared by using the chi-square
test. Logistic regression analysis was performed to determine
the risk factors for harboring QREC on day zero. The differ-
ences between groups A, B, and C in the rates of acquisition of
QREC strains during quinolone therapy or hospitalization
were determined by Kaplan-Meier analysis and the log rank
test. Data were analyzed with the help of STATA 9.0 software
(StataCorp, College Station, TX).

In total, fecal samples from 32 patients (23.5%) (14 patients
[42.4%] in group A1, 14 patients [22.5%] in group B plus group
A2, and 4 patients [10%] in group C) grew QREC strains on
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day zero. The risk factors for harboring QREC strains in fecal
flora on day zero were older age (�50) (P � 0.042) and
hospitalization (P � 0.012) or quinolone use (P � 0.002) in the
previous 6 months (Table 1). The results of multivariate anal-
ysis, including independent variables of older age, quinolone
use in the previous 6 months, hospitalization in the previous 6
months, having a comorbidity(ies), and being an inpatient,
revealed that quinolone use in the previous 6 months was the
only risk factor for QREC carriage (odds ratio, 3.45; confi-
dence interval, 1.27 to 9.36; P � 0.015).

There was a gradual increase in the rate of QREC carriage
during therapy in groups A and B, but the increase was not
different in these two groups (P � 0.09; log rank test). The
effects of different quinolones on QREC selection could not be
compared because the number of patients receiving levofloxa-
cin was limited. Group C consisted of 41 patients who had no
history of quinolone use in the previous 6 months and who did
not take quinolone or any other antimicrobial therapy during
their hospital stay. Seventeen (41%) of the group C patients
had a history of hospitalization in the previous 6 months. On
day zero, QREC growth was detected in samples from four
patients (10%). The prevalence of QREC strains in group C
was 10%, 22%, and 37% on hospital day 3, 6, and 9, respec-
tively. A survival analysis (Kaplan-Meier) was performed to
compare the QREC acquisition rates of the three groups (Fig.
1). When group C patients were compared with group A and
group B patients, there was a significant difference in the
QREC acquisition rates (A versus C, P � 0.001, and B versus
C, P � 0.001). The MIC of ciprofloxacin for all QREC strains,
irrespective of the sampling day, was �32 �g/ml.

There is an association between the use of quinolones and
the isolation of QREC from urinary tract infections particu-
larly, as recently reported from various countries (2, 7, 10). In
all our study groups, there were patients harboring QREC
strains in fecal flora before quinolone therapy or hospitaliza-
tion (day zero), and previous quinolone use was the major risk
factor for harboring QREC. However, 12 of these patients
(42.8%) had neither previous quinolone use nor a history of
hospitalization. This finding might reflect the dissemination of
resistant E. coli strains among the population or might be the

result of some other source, such as quinolone-receiving poul-
try, although we could not obtain published data on the prev-
alence of QREC strains in food products in our country (4, 6).

The QREC colonization rate was higher in group A1

(42.4%). This high rate may be explained by facilitated colo-
nization of the digestive tract with QREC strains under cir-
cumstances of longer (�72 h) hospitalization and a history of
quinolone use. A steady increase in the rate of QREC preva-
lence in group A and B patients suggested that quinolone
therapy might induce fecal QREC carriage in the presence of
risk factors. In group C patients, the initial QREC colonization
rate (10%) on day zero was lower than that in groups A and B.
Group C patients had no history of quinolone use. They had
only a history of hospitalization, which might explain the dif-
ference. The increase afterwards in group C might be due to
the effect of hospitalization, which was also found, with uni-
variate analysis, to be a risk for QREC carriage. The median
numbers of QREC-free days of groups A, B, and C were 5.4,
4.8, and 9.0, respectively (P � 0.001; log rank test). These data
show that quinolone use induces QREC carriage more effec-
tively than hospitalization alone. Hillier et al. suggested high-
dose, shorter-duration antibiotic use for the treatment of com-
munity-acquired infections in order to minimize antimicrobial
resistance (9). The patients in our study received approved
usual doses of ciprofloxacin, moxifloxacin, or levofloxacin. Al-
though a higher dosing regimen was said to be more effective
in the prevention of resistance selection (mutant prevention
concentration), all our strains had high levels of resistance,
which made this suggestion impractical for our patients.
Higher MICs strongly indicated the preexistence of strains
with at least some initial mutations which “easily” gain second-
step mutations in the presence of quinolones (6). This might be
the result of widespread exposure to quinolones in the com-
munity. In our country, the use of parenteral forms of many
antibiotics is restricted, which has prompted physicians to pre-
scribe oral quinolones more than in the past (1). Moreover,
fecal-oral infections, especially bacterial gastroenteritis, are
still prevalent and the empirical use of quinolones remains

FIG. 1. Kaplan-Meier curves for groups A, B, and C.

TABLE 1. Risk factors for harboring QREC on day zeroa

Characteristic

No. (%) on day 0

P value for
QREC on day 0

Patients
with

QREC (n
� 32)

Patients
without
QREC

(n � 104)

Female 20 (62) 63 (60) 0.845
Age (yr) 51 � 13c 57 � 16c 0.061 (Student’s

t test)
Age of �50 yr 24 (75) 57 (55) 0.042
Comorbidityb 28 (87) 82 (79) 0.276
Hospitalized (inpatient) 18 (56) 56 (54) 0.811
Fluoroquinolone use in

the previous 6 mo
12 (38) 14 (13) 0.002

Hospitalization in the
previous 6 mo

17 (53) 30 (29) 0.012

a Results obtained with univariate analysis.
b Cormorbities included diabetes mellitus, chronic obstructive pulmonary dis-

eases, and chronic renal failure.
c Values are means � standard deviations.
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attractive when indicated. We have not studied the quinolone
resistance mechanisms and clonal distribution of the QREC
strains, which is an important shortcoming of the study. In
conclusion, it will be better to reevaluate the indications for
and the duration of quinolone therapy in the treatment of
community-acquired infections in view of the growing rate of
quinolone resistance.
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