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Antibiotic resistance pattern of Escherichia coli causing urinary tract

infection with an emphasis on fluoroquinolone resistance

Sangeeth K, Rajesh KR?, Indrapriyadharsini R?

ABSTRACT

INTRODUCTION: Urinary Tract Infections (UTIs) are one of the most common
bacterial infections in humans, both in the community and the hospital
settings. UTIs are more common in females compared to males and are
mostly caused by Escherichia coli accounting for more than 70% of
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antibiotic resistance, management of urinary tract infection has become
complicated with limited therapeutic options.
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OBJECTIVES: The present study was undertaken to detect the current
antibiotic resistance pattern of Escherichia coli with a special reference to
fluoroquinolone resistance.

MATERIALS AND METHODS: A total of 1248 urine samples collected between
November 2011 to May 2013 were cultured and pathogens identified by
conventional methods. Antibiotic susceptibility pattern determined was by
Kirby-Bauer method and the minimum inhibitory concentration (MIC) of _ dic: lege
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RESULTS: Among 311culture positive urine samples, 203 were Escherichia
coli. High resistance rate to Ampicillin (81.3%), Co-trimoxazole (83.3%) and
low resistance rate to Nitrofurantoin (17%) were noted for Escherichia coli.
Among the 203 Escherichia coli, 141 and 121 isolates showed a MIC of 2 4 pg/ml for Ciprofloxacin and = 8
pg/ml for Levofloxacin respectively. The resistance rate to other antibiotics and the MIC of Ciprofloxacin and
Levofloxacin increased as the patient’s age increases.
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CONCLUSION: The increased resistance to fluoroquinolones in Escherichia coli could be due to its inappropriate
usage. It is imperative to rationalize the use of fluoroquinolones in order to prevent the dissemination of
resistant strains in the population.
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INTRODUCTION

Urinary Tract Infections are one of the most common
bacterial infections, both in the community and in
hospital settings.” Urinary Tract Infections are caused
mostly by Escherichia coli accounting for more than
70 % of uncomplicated cases both in outpatients and
inpatients.” Urinary Tract Infections are more
common in females compared to males due to
anatomic and physical factors.*> Urinary Tract
Infections are usually treated with broad-spectrum
cephalosporins, fluoroquinolones and
aminoglycosides.*  The  minimum  inhibitory
concentration of fluoroquinolones has increased and
is significantly increasing with age of the patient due
to frequent exposure to fluoroquinolones and to
prolonged antimicrobial therapy, especially in the
elderly patients.With the increasing trend of
antibiotic-resistance in  Escherichia coli, the
management of urinary tract infections is likely to
become complicated with limited therapeutic
options.>So there is a need for a constant surveillance
of resistance rates among Escherichia coli isolates to
ensure appropriate recommendations for treatment
of urinary tract infections.

Objectives of the Study

The cross sectional study was undertaken to detect
the current antibiotic resistance pattern of
Escherichia coli with a special reference to
fluoroquinolone resistance.

MATERIALS AND METHODS

1248 urine samples received from inpatients and
outpatients of Vinayaka Missions Kirupananda
Variyar Medical College and Hospitals, Salem from
November 2011 to May 2013 were included in the
study.

Sample Collection Method

Freshly voided midstream urine specimens and
catheter samples were collected under strict aseptic
precautions in a sterile wide mouthed container.
Samples were transported immediately to the
laboratory.

Articles

a) Culture and Identification

Each urine sample was inoculated on MacConkey
agar and blood agar. The culture plates were
incubated at 37°C for 24 hours and observed for
growth.® The plates showing significant growth as
per Kass count were processed for further
identification.” Escherichia coli isolated was identified
by microscopy, colony morphology and biochemical
tests.”

b) Antimicrobial
Escherichia coli
The antibiotic susceptibility testing was performed
using Kirby-Bauer’s disc diffusion technique as
described by Clinical and Laboratory Standards
Institute guidelines.® The antimicrobial agents used
were: Ampicilliniopg (AMP), Amikacinzopg (AK),
Cotrimoxazole2sug (COT), Nalidixic acidzopg (NA),
Nitrofurantoin 30opg (NIT), Norfloxaciniopg (NOR),
)

)

Susceptibility Testing of

Ciprofloxacinspg ~ (CIP),  Levofloxacinspg  (LE
Cefotaxime3opg (CTX), Cefepime3opg (CPM),
Imipenemaopg (IPM) an
Piperacillin/Tazobactum1oo/iopg (PIT).

1

¢) Determination of minimum inhibitory
concentration (MIC) of Ciprofloxacin and
Levofloxacin by micro broth dilution method
Ciprofloxacin  hydrochloride monohydrate was
obtained from Hi-media (Mumbai, India) and
Levofloxacin was obtained from Sigma-Aldrich.
Dilutions of antibiotics for MIC testing were prepared
as per CLSI guidelines.® The antibiotics were used
immediately after reconstitution.
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Figure 1: Antibiogram of Gram Negative Bacilli
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The different concentrations of the drug analyzed
were 0.125 to 512 pug/ml. ATCC Escherichia coli 25922
were inoculated on each plate as the growth control.
The growth control was read first followed by the
MIC of the test strains. The breakpoints of resistance
for ciprofloxacin were = 4 pg/ml and for levofloxacin
were > 8 pg/ml.?

Statistical Analysis

Statistical analysis using chi-square test was
performed to analyze antimicrobial susceptibility
pattern and minimum inhibitory concentration of
Ciprofloxacin and Levofloxacin in Escherichia coli
isolates. P value < o.05 is considered statistically
significant

RESULTS

35 (3%)

130 (10%

B Culture positive significant growth

Figure 2: Distribution of growth pattern in
processed urine samples

Out of the 1248 urine samples received from patients
having clinically suspected urinary tract infections
attending VMKVMCH, Salem subjected to culture,
311 (25 %) showed significant growth, 772 (62 %)
were negative for culture, 103 (10 %) showed
contamination and 35 (3 %) showed insignificant
growth. [Fig.2]
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Figure 3: Percentage distribution of gender-wise
processed urine samples

Among the 1248 urine samples received for culture,
715 (57.3 %) urine samples were from male patients
and 533 (42.7 %) urine samples were from female
patients respectively. Of the 715 urine samples
received from male patients, 160 (22.38 %) showed
significant growth in male patients and of the 533
urine samples received from female patients, 151
(28.33 %) showed significant growth in female
patients. [Fig.3]

65.3

] 14.5 8.4 10 7.7
] _ n

Percentage

PNWSOOIO
QOO OCOOOOoO
L1

23 06 0.3

&\ %.' 0'. g.‘ o*
90 QQQ oo‘b eco é‘é %»QQ é@' ‘-,SQ
© &S > § &
S & &
F & QP &S
FFF® T F
Isolated organysms

Figure 4: Isolated organisms among culture
positive urine samples
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Among the 311 culture positive urine samples, 203
(65.3 %) were Escherichia coli, 45 (14.5 %) were
Klebsiella species, 26 (8.4 %) were Pseudomonas
species, 24 (7.7 %) were Enterococcus species, 7 (2.3

Articles

%) were Proteus species, 3 (1.0 %) were
Staphylococcus aureus, 2 (0.6 %) were Acinetobacter
species and 1 (0.3 %) was Citrobacter species. [Fig.4]

Table 1: Antibiotic Resistance pattern of Escherichia coli (% resistance)

Organism
Isolated S = - X s s
= ¥ < = X o =
< < | S| 2 Z Z o Y G S | 2 T
Escherichia
coli 81.3 23.2 | 83.3 | 73.4 17 73.4 | 68.9 59.6 | 68.5 65 0 o}

Escherichia coli exhibited more than 70 % resistance
to ampicillin, cotrimoxazole, nalidixic acid and
norfloxacin. It showed more than 60 % resistance to
ciprofloxacin, cefotaxime and cefepime and 59 %
resistance to levofloxacin. The resistance rate of

Table 2:
Minimum Inhibitory Concentration

Distribution of Ciprofloxacin and Levofloxacin

Escherichia coli was 23.2 % to amikacin and 17 % to
nitrofurantoin.

resistant Escherichia coli as per their

Minimum Inhibitory Concentration (pg/ml)
ANTIBIOTIC Total
4 8 16 32 64 128 256
Ciprofloxacin 5 6 32 28 52 15 3 141
Levofloxacin - 28 28 46 18 1 - 121
112 Escherichia coli isolates showed ciprofloxacin MIC Mg/ml. 102 Escherichia coli isolates showed

ranging from 16 pg/ml — 64 pg/ml, 15 isolates showed
MIC of 128 pg/ml and 3 isolates showed MIC of 256

levofloxacin MIC ranging from 8 pg/ml — 32 pg/ml, 18
isolates showed MIC of 64 pg/ml and 1 isolate
showed MIC of 128 pg/ml. [Table 2]
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Table 3: Distribution of the Ciprofloxacin resistant Escherichia coli as a function of Age and MIC group among
In/Out patients

. A
Organism | In/Out MIC gelyrs)
. 11— 41 - Total P
Isolated Patient | Group o-5| 6-10 3 19-25 | 26 - 40 6 > 60
1 o
41016 4 1 2 3 4 5 0 19
In . 3210 64 o o o o 3 23 16 42 | _ 0.001%*
Patient | =128 o 0 o 0 o 2 10 12
Escherichi Total 4 1 2 3 7 30 26 73
acoli 4to16 2 o 4 4 9 4 1 24
OUt. 3210 64 o 0 o 2 8 22 38 < 0.001%%
Patient | =128 o 0 o 0 o 1 6
Total 2 0 4 6 17 27 12 68

**- significant

Among Escherichia coli which were resistant to
ciprofloxacin, the above table clearly shows that as
the age of the patient increases, the ciprofloxacin

MIC level increases statistically for both inpatient and
outpatient groups.

(p<o.05).

Table 4: Distribution of the Levofloxacin resistant Escherichia coli as a function of Age and MIC group among
In/Outpatients

Organism | In/Out | MIC Age(yrs) Total | P
Isolated Patient | Group 0-5 | 6-10 |11-18 |19-25 | 26—-40 | 41-60 | >60
8to16 3 1 2 1 4 7 2 20 Py
In 32t0 64 0 o 0 0 1 16 23 40
. 0.001
Patient | 2128 0 o] o] 0 o] o] 1 1 o
Escherichi Total 3 1 2 1 5 23 26 61
a coli 8to16 2 0 3 4 13 13 1 36 Py
Out 32t0 64 o} o o 1 1 12 10 24
i 0.001
Patient | 2128 0 0 0 0 0 0 0 0 ok
Total 2 ) 3 5 14 25 11 60

**. significant

The levofloxacin resistant Escherichia coli, in the
above table clearly shows that with increasing age,
the levofloxacin MIC level also increases statistically

for both inpatient and outpatient groups (p < 0.05).

[Table 4]
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Table 5: Percentage of resistance to antibiotics among Ciprofloxacin resistant Escherichia coli

4 to 16 83.7 16.3 79 744 7 100 100 79 744
(n=43)

(3;;‘(’))6" 913 |288 |863 |86.3 |288 |988 |988 |75 |73
(2n=18:;28 833 [167 |944 |83 [389 |100 [100 |833 |833

When Escherichia coli isolates were placed into three
groups based upon ciprofloxacin MIC (4 to 16, 32 to

64, and = 128 pg/ml), increasing rates of resistance to
other antibiotics were observed. [Table 5]

Table 6: Percentage of resistance to antibiotics among Levofloxacin resistant Escherichia coli

LE a2 e ~ & -~ = Py g _ —
MIC o 8% RE|_S8| ¥F| | 8§E NS °% =33
Eud\!ﬁ’d\oukd<urﬁ|:ﬁ‘u'q><ug &ug ﬁuo\n_uu',

Group <EQR L ER|UER | ZEQ|ZERZEHL|TEZ|UVED|UED

8 to 16

(n=56) 85.7 23.2 85.7 76.8 23.2 | 100 100 80.4 73.2

2 to 6

(3n-64) 4 92.2 28.1 87.5 89.1 28.1 | 100 100 78.1 76.6

> 128

(n=1) 100 o 100 100 o 100 100 100 100

When Escherichia coli isolates were placed into three
groups based upon levofloxacin MIC (8 to 16, 32 to

DISCUSSION

Due to the increasing use of antibiotics, urinary
pathogens have shown a slow but steady increase in
resistance to several antibiotics. The distribution of
species and their susceptibility to antibiotics vary
with time and place.*

Out of the 1248 urine samples processed, 25 %
showed significant growth and this data was
comparable to the study done by Mandal et al ® which
showed 26 % of significant growth. Studies have
reported that women have a higher prevalence of
urinary tract infection than men, mainly due to
anatomic and physical factors.’Similarly, our study
also showed that the urinary pathogens were isolated
predominantly from women (28.3 %) than in men

64, and = 128 pg/ml), increasing rates of resistance to
other antibiotics were observed. [Table 6]

(22.4 %). Escherichia coli (65.3 %) was the most
predominant species isolated in our study population
which was similar to Akram et al *and Aypak et al
9. The second commonest organism isolated in our
study was Klebsiella species (47%) which was
comparable to studies of Akram et al *and Rajesh et
al*. Pseudomonas species was the third common
organism isolated from the urinary samples in our
study which was comparable to Tankhiwale et al.
** The other organisms causing urinary tract infection
were Enterococcus species, Proteus species,
Staphylococcus aureus, Acinetobacter species and
Citrobacter species which were also reported in
earlier studies.>*

Escherichia coli demonstrated high level of resistance
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to most of the antimicrobial agents except amikacin
(23.2 %) and nitrofurantoin (17 %) which was
comparable with the results of Sonavane et al ®.
Resistance to cotrimoxazole (83.3 %) and nalidixic
acid (73.4 %) in our study was similar to findings of
Gupta et al *. Resistance of Escherichia coli to
cefotaxime in our study was 68.5 % and this finding
was at par with the observation made by Ullah et al “.
The resistance rate of Escherichia coli to ciprofloxacin
(68.9 %) in our study was comparable to the results of
the study done by Ullah et al * (62.2 %) and
Levofloxacin resistance (58.6 %) was comparable to
Hyuk et al *. Escherichia coli isolates showed
ciprofloxacin MIC ranging from 16 pg/ml — 64 pg/ml
similar to Mandel et al *and levofloxacin MIC range
was from 8 pg/ml —32 pg/ml.

With the increasing patient’s age, ciprofloxacin and
levofloxacin resistance increased significantly in our
study (p < 0.05). Based on the age of the patient the
ciprofloxacin and levofloxacin resistance were more
common in the age group of 41 — 60 years with
similar distribution among inpatient and outpatient.
For inpatients and outpatients aged < 40 yrs, the MIC
range of ciprofloxacin was 4 — 16 pg/ml and
levofloxacin was 8 — 16 pg/ml and in those aged 41 —
60 years the MIC range for ciprofloxacin was 32 — 64
pg/ml and for levofloxacin it was 8 — 16 pg/ml. The
male patients in the age group of > 60 years had MIC
of = 128 pg/ml for ciprofloxacin which was
comparable with the results of Mandal et al °. This
increased MIC in the elderly could be due to repeated
exposure to fluoroquinolones due to recurrent
infections and also may require prolonged
antimicrobial therapy, especially in the males as they
do not readily penetrate the prostate and so MIC of >
128 pg/ml were more common in males and these
results were similar to study by Karlowsky et al *°.

Our study showed that when Escherichia coli isolates
were placed into three groups based on MIC of
ciprofloxacin (4 to 16, 32 to 64, and = 128 pg/ml) it
was observed that the resistance rate of ampicillin,
cotrimoxazole, nalidixic acid, norfloxacin,
levofloxacin, cefotaxime and cefepime were
increased and these were comparable with studies by
Karlowsky et al*®. When Escherichia coli isolates were

Articles

placed into three groups based upon levofloxacin MIC
(8 to 16, 32 to 64, and = 128 pg/ml), increasing rates
of resistance to ampicillin, cotrimoxazole, nalidixic
acid, norfloxacin, ciprofloxacin, cefotaxime and
cefepime were increased. Thus, these findings clearly
indicates that MIC of Escherichia coli to ciprofloxacin
and levofloxacin has increased and also the resistance
to other antibiotics has increased as the MIC
increases.

CONCLUSION

Escherichia coli was the common urinary pathogen
isolated, which showed increased resistance to
commonly used antibiotics. It also demonstrated that
the MIC of ciprofloxacin and levofloxacin has
increased and as the MIC increases an increase in
resistance to other antibiotics was noted. So the
treatment of Urinary Tract Infections by antimicrobial
agents should be strongly gquided by in-vitro
susceptibility testing to avoid further spread of
antimicrobial resistance in both, in-patients and out-
patients and development of multi-drug resistance.

REFERENCES

1. Cox CE. 1988: Nosocomial wurinary tract
infections. Urology 32(3):210-5.

2. Gupta K, Hooton TM, Stamm WE.2001:
Increasing Antimicrobial Resistance and the
Management of Uncomplicated Community-
Acquired Urinary Tract Infections. Ann Intern
Med 135:41-50.

3. Akram M, Shahid M, Khan AU.2007: Etiology and
antibiotic resistance patterns of community-
acquired urinary tract infections in J N M C
Hospital Aligarh, India. Annals of Clinical
Microbiology and Antimicrobials 6:4.

4. Ullah F, Malik SA, Ahmed J. 2009: Antibiotic
susceptibility pattern and ESBL prevalence in
nosocomial Escherichia coli from urinary tract
infections in Pakistan. African Journal of
Biotechnology 8(16): 3921-26.

5. Mandal J, Acharya NS, Buddhapriya D, Parija
SC.2012: Antibiotic resistance pattern among
common bacterial uropathogens with a special
reference to ciprofloxacin resistant Escherichia
coli. Indian J Med Res 136:842-49.

6. Betty AF, Daniel F, Weissfeld AS.1998: Infections

www.gjmedph.org Vol. 3, No. 1, 2014

ISSN#- 2277-9604



10.

11.

12.

13.

14.

15.

16.

of the Urinary Tract.In:Bailey and Scott's
Diagnostic Microbiology. Tenth Edition. Mosby.
Inc:USA p120-126.

lto CAS, Gales AC, Tognim MCB, Munerat P,
Costa LMD.2008: Quinolone-Resistant
Escherichia coli. The Brazilian Journal of
Infectious Diseases 12(1):5-9.

Clinical and laboratory standards institute (CLSI).
Performance standards for antimicrobial
susceptibility  testing; 21  informational
supplement.CLSI document Mz100-521.Wayne,
PA:Clinical and Laboratory Standards
Institute;2011.

Aypak C, Altunsoy A, Duzgun N.2009: Empiric
antibiotic therapy in acute uncomplicated urinary
tract infections and fluoroquinolone resistance: a
prospective observational study. Annals of
Clinical Microbiology and Antimicrobials 8:27.
Rajesh KR, Mathavi S, Indrapriyadarsini R.2010:
Prevalence of Antimicrobial Resistance in
Uropathogens and determining Empirical
Therapy for UTI. International Journal of Basic
Medical Sciences 1(5):260-263.

Tankhiwale SS, Jalgaonkar SV, Ahamad S,
Hassani U.2004: Evaluation of extended
spectrum beta lactamase in urinary isolates.
Indian J. Med. Res 120(6):553-556.

Hooper DC.2001: Emerging Mechanisms of
Fluoroquinolone Resistance. Emerging Infectious
Diseases 7(2):337-41.

Sonavane A, Mathur M, Turbadkar, Baradkar
V.2008: Antimicrobial susceptibility in urinary
bacterial isolates. Bombay Hospital Journal
50(2):240-44.

Gupta M, Kundra S, Sharma A, Goutham V, Arora
DR.2007:  Antimicrobial  susceptibility  of
uropathogens in India. J Infect Dis Antimicrob
Agents 24:13-18.

Jang WH, Yoo DH, Park SW.2011: Prevalence of
and Risk Factors for Levofloxacin-Resistant
Escherichia coli Isolated from Outpatients with
Urinary Tract Infection. Korean J Urol 52(8):554-
59-

Karlowsky JA, Hoban DJ, DeCorby MR, Laing NM,
Zhanel GG.2006: Fluoroquinolone resistant
urinary isolates of Escherichia coli from
outpatients are frequently Multidrug

Articles

resistant:Results from the North American
urinary tract infection collaborative alliance-
Quinolone resistance study. Antimicrobial agents
and chemotherapy 50(6):2251-54.

www.gjmedph.org Vol. 3, No. 1, 2014

ISSN#- 2277-9604



