
International Journal of Pharma Research and Health Sciences, 2023; 11(5): 3680-84.

3680
© All rights reserved with authors as per copyright policy

Singla et al.
CODEN (USA)-IJPRUR, e-ISSN: 2348-6465

Original article

Increasing antibiotic resistance in
uropathogenic Escherichia coli: Is
Fosfomycin a promising alternative?
Pooja Singla1,*, Jyoti Sangwan1, Prashant Singh1, Pratibha Mane1,
Kumkum Yadav1, N K Singh2

1 Department of Microbiology, SHKMGMC Nalhar, Haryana, India
2 Department of Community medicine, SHKMGMC Nalhar, Haryana, India

ABSTRACT:
Background: Antimicrobial resistance in uropathogenic Escherichia coli is encountered
increasingly now a days. Fosfomycin has emerged as a promising solution for clinicians to
treat UTI in current era of antibiotic resistance.
Objectives: This study was conducted to know the antibiotic susceptibility profile of
uropathogenic Escherichia coli and to know the resistance rate of fosfomycin in UPEC at our
hospital. Material and methods: A total of 167 consecutive, nonduplicate, uropathogenic
Escherichia coli isolates were tested for antibiotic susceptibility by Kirby-Bauer disc diffusion
method according to CLSI guidelines. Following antibiotics were used: ceftazidime (30µg),
amoxycillin/clavulanic acid (20µg /10 µg), imipenem (10µg), gentamicin (10µg), ciprofloxacin
(5µg), cotrimoxazole (25µg), aztreonam (30µg), nitrofurantoin (300µg) and fosfomycin (200µg).
An isolate was considered as multidrug resistant (MDR) if it was resistant to at least three
classes of antimicrobial agents.
Statistical Analysis: The statistical analysis was performed using standard tests. The data
was represented as percentages and proportions. Chi-square test was applied when two or
more set of variables were compared. If the p-value was <.05, it was considered significant.
Results: A total of 33% E. coli isolates were MDR. Maximum susceptibility was observed for
fosfomycin (97%) followed by nitrofurantoin (95.8%), imipenem (95.2%), aztreonam (64%),
gentamicin (57.4%), cotrimoxazole (39.5%), ciprofloxacin (38.3%), ceftazidime (32.9%) and
lowest was for amoxicillin clavulanic acid (25.1%). A total of 5 isolates of E. coli were
resistant to fosfomycin.
Conclusion: In view of low level fosfomycin resistance in UPEC, this drug may be considered
as a better alternative drug for treatment of UTI.

Keywords: Uropathogenic, Escherichia coli, Urinary tract infections, Fosfomycin, Multidrug
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1. INTRODUCTION
Urinary tract infections (UTIs) are one of the frequently
occurring infections in community as well as in hospital
settings. Worldwide approximately 150 million cases of UTI
occur each year imposing a great financial burden on
healthcare system. Uropathogenic Escherichia coli (UPEC)
is the most significant causative agent of UTI accounting for
80-85% of all UTI cases. Inappropriate use of antibiotics for
empirical treatment of UTI has led to emergence of multi
drug resistant (MDR) strains in UPEC. MDR UPEC has
been reported from almost all countries worldwide and had
limited the therapeutic options available for UTIs [1].
Fosfomycin is a novel, broad spectrum, bactericidal
antibiotic used primarily to treat acute uncomplicated lower
urinary tract infections in adults. It is an old antibiotic
known since 1969, gaining importance in recent times owing
to its activity against MDR uropathogens especially
Enterobacteriaceae. Fosfomycin acts by disrupting cell wall

synthesis by inhibiting enzyme UDP-N-
acetylglucosamineenolpyruvyltransferase (Mur A) which
catalyse formation of N-acetylmuramic acid responsible for
peptidoglycan synthesis. Easy to administer is another
advantage of fosfomycin as single dose given orally can
maintain high concentration in urine for upto 24 hours. In
current times, fosfomycin has become a drug of choice
among clinicians for treating lower UTI in pregnancy, in
children, in patients with transplant as well as in
immunocompetent adults. Emerging resistance to
fosfomycin in UPEC, although at a low rate, has also been
reported from various countries [2]. Therefore, this study
was planned with the objective to evaluate the antibiotic
susceptibility profile of uropathogenic Escherichia coli and
to find out rate of fosfomycin resistance in UPEC at our
hospital.
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2. MATERIAL AND METHODS
Study design and settings:
This is a prospective, observational, cross sectional study
conducted in department of Microbiology over a period of
one year (June 2020- May 2021). Approval from
Institutional ethical committee was taken prior to
commencement of the study (Protocol No.EC/OA-25/2019).
Isolation and identification of UPEC:
A total of 167 consecutive, nonduplicate, uropathogenic
Escherichia coli isolates were taken for the study.
Midstream clean catch urine samples were collected from
both indoor and outdoor patients irrespective of age and sex
with clinical indications suggestive of UTI. Sample by
suprapubic aspiration and from catheter was also collected
wherever it was indicated by standard procedures. All
samples were received in laboratory and were subjected to
direct microscopy and culture. Direct microscopy was done
to visualise pus cells, bacteria, crystals and Red Blood Cells.
Culture was put on blood agar and MacConkey agar by
semiquantitative method and plates were incubated at 370C
overnight. A colony count of >105 colony forming units/ml
was considered as significant bacteriuria and was further
processed for proper identification of uropathogen by
standard biochemical tests [3].
Antimicrobial susceptibility testing:
All the freshly isolated 167 UPEC strains were tested for
antibiotic susceptibility by Kirby-Bauer disc diffusion
method on Mueller Hinton agar media. The following
antibiotics of HiMedia® brand were used: ceftazidime

(30g), amoxycillin/clavulanic acid (20g/10g), imipenem

(10g), gentamicin (10g), ciprofloxacin (5g),

cotrimoxazole (25g), aztreonam (30g), nitrofurantoin

(300g) and fosfomycin (200g). After overnight incubation
at 370C, zone sizes were measured and interpreted as
sensitive (S), intermediate sensitive (IS) and resistant (R) as
per Clinical Laboratory Standard Institute (CLSI)
guidelines.[4] An isolate was considered as multidrug
resistant (MDR) if it was resistant to at least three classes of
antimicrobial agents among  penicillins and cephalosporins
group including inhibitor combinations, monobactams,
carbapenems, fluroquinolones, aminoglycosides,
nitrofurantoin, cotrimoxazole and fosfomycin.
Statistical Analysis
The statistical analysis was performed using standard tests.
The data was represented as percentages and proportions.
Chi-square test was applied when two or more set of
variables were compared. If the p-value was <.05, it was
considered significant.

3. RESULTS
A total of 167 uropathogenic Escherichia coli isolates were
obtained during the study period. Of these 167 isolates,
56.8% (95) were from adult patients and 43.1% (72) were
from paediatric patients (p value 0.0159) mean age 33.4.
From male patients 30.5% (51) UPEC isolates were cultured

and 69.4% (116) were cultured from female patients (p value
<0.00001) as shown in table 1. Out of 167 isolates, 36.5%
(61) were grown from outdoor patients and 63.4% (106) E.
coli isolates were grown from admitted patients (IPD) (p
value <0.00001). Highest rate of isolation was from
gynaecology ward followed by paediatric ward. Department
wise distribution of E. coli isolates are shown in table 2. A
total of 33% (84) E. coli isolates were MDR as depicted in
figure 1. Maximum susceptibility was observed for
fosfomycin (97%) followed by nitrofurantoin (95.8%) and
imipenem (95.2%). Antibiotic susceptibility pattern is
depicted in figure 2. A total of 5 isolates of E. coli were
resistant to fosfomycin.

Table 1: Age and sex distribution of uropathogenic E. coli isolates

Age group
Male Female Total
n(%) n(%) n(%)

Children

<1 month 1 (1.9) 1(0.8) 2 (1.19)

1M-1year 7 (13.7) 7(6.0) 14 (8.3)
1year-18 years 11(21.5) 45(38.7) 56 (33.5)

Adults

18years-40years 15(29.4) 55(47.4) 70 (41.9)

>40years 15(29.4) 10(8.6) 25 (14.9)
Total 51(30.5) 116(69.4) 167

Table 2: Department wise distribution of E. coli isolates

Department Number (%)

Outdoor 61 (36.5)

Indoor 106 (63.4)

Surgery 27 (16.1)

Obstetrics& gynaecology 31 (18.5)

Paediatrics 28 (16.7)

Medicine 05 (2.9)
ICUs 15 (8.9)

Table 3: Comparison of antibiotic susceptibility profile of uropathogenic
Escherichia coli
Antibiotic Current

study
Gopichand
et al;2019

Zahrani
et

al;2019

Patel et
al;2019

Neeraj et
al;2018

Deepa
k et

al;201
7

Banerje
e et

al:2017

Neam
ati et

al;201
5

Sood
et

al;201
2

Pondicherr
y [11]

Saudi
Arabia

[13]

Gujarat
, India

[9]

Maharash
tra [10]

Uttar
Prades
h [8]

Kolkat
a [12]

Iran
[14]

Jaipur,
India
[15]

Nitrofuran
toin

4.20% 13.40% 30.50% 27.70% 6.30% 7.30% 21.30% 23.40
%

5.77%

Fluoroquin
olones

61.70% 0% 25.40% 81.10% 75.70% 88.70
%

58.80% 63.30
%

74.75
%

Aminogly
cosides

42.60% 95.40% 20.60% 46.90% 52.20% 28% 15.70% 46.70
%

28.02
%

Carbapene
ms

4.80% 20.30% 0% 8.31% 10.70% - 11.20% 3.30
%

-

Monobact
ams

36% - 62.50% 51.40% 56.10% - - 52.70
%

-

Cotrimoxa
zole

60.50% - 72.20% 67.90% 62.10% 77.30
%

51.90% 67.30
%

67.80
%

Colistin - - 0% - 4.30% - 100% - -
Beta

lactams
67.10% 93.10% 23% 74.10% - 92.70

%
63.50% 51.30

%
69.08

%
Beta

lactams
beta

lactamase
inhibitors

74.90% - 14.30% 55.90% - - 67.60% 28.70
%

80.69
%
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Table 4: Comparison of Fosfomycin susceptibility in UPEC among different
studies
Sr no Study Sample size and

sample type
susceptibility Method used

1. Current study
2021

167 uropathogenic
E. coli

97% Kirby -Bauer Disc
diffusion method

2. Serretiello E et
al;2021

Italy [22]

4121 urinary E.
coli isolates

collected over five
years

2015-95.36%
2016-93.9%

2017-95.38%
2018-93.35%
2019-94.32%

Automated Vitek2

3. Seok et al;2020
South korea [16

283 clinical
isolates of E. coli

93.3% Agar dilution
method

4. Bhattar et al; 2020
North India [17]

112 E. coli urinary
isolates

91.07% E test

5. Amladi et al;2019
Vellore, India [18]

81 Carbapenem
resistant isolates

of E. coli

98.7% E test

6. Mueller L et
al;2019

Switzerland [21]

1225 ESBL
producing E. coli

isolates

98.6% Rapid NP test and
Agar dilution

method
7. Gopichand et

al;2019
Pondicherry [11]

217 clinical
isolates of E. coli

100% Agar dilution
method

8. Neeraj et al;2018
Maharashtra [10]

384 ESBL E. coli 99.6% Broth microdilution
method

9. Dalai S et al;2018
[19]

289 E. coli urinary
isolates

96.8% Automated
microbroth dilution

test
10. Banerjee et

al:2017
Kolkata [12]

216 E. coli 98.1% Kirby –Bauer Disc
diffusion method

and E test
11. Deepak et al;2017

Uttar Pradesh [8]
150 MDR E. coli 100% Kirby -Bauer Disc

diffusion method
12. Li Y et al;2015

China [20]
1109 E. coli

isolates
92.2% Agar dilution

method

67%

33%

Total MDR

Fig 1: Distribution of MDR E. coli isolates
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Fig 2: Antibiotic sensitivity pattern of E. coli

4. DISCUSSION
Worldwide, the antimicrobial resistance in uropathogens is
increasing at an alarming rate. A five year study from
Turkey showed that from 2014 to 2018, resistance to
ciprofloxacin in UPEC, one of the commonly used drug for

UTI, increased from 17% to 43%. Similarly, E.
coli resistance to ampicillin (61.5%), nitrofurantoin,
cefepime, ciprofloxacin, fosfomycin, and amoxicillin-
clavulanic acid (34.6%) has also increased significantly with
time (all p = 0.001) [5]. A SENTRY antimicrobial
surviellance programme in United States in 2017 revealed
that coresistance in extended spectrum beta lactamase
(ESBL) producing UPEC was 93.6% for cefuroxime, 71.8%
for fluoroquinolones, 59.2% for cotrimoxazole and 27.1%
for amoxicillin clavulanic acid[6]. A surveillance report
from South India noticed significant increase in resistance
proportion for imipenem (29.8%), meropenem (18.3%),
ertapenem (24.9%), ciprofloxacin (26.5%), nitrofurantoin
(11.2%), amikacin (8.7%) and cefotaxime (7.4%) in 2017 as
compared to 2011[7].
The results of current study showed high antimicrobial
resistance in UPEC for almost all groups of antibiotics
except carbapenems, nitrofurantoin and fosfomycin. These
results are in agreement with previous studies as depicted in
table 1. Deepak et al [8] and Patel et al [9] reported
resistance against ciprofloxacin in 88.7% and 81.1% of the
urinary E. coli isolates which is higher than the present
study. Prevalence of resistance against cotrimixazole,
another commonly used oral antibiotic for UTI, is reported
between 51-77% in previous studies. In the present study,
high resistance was noticed for amoxicillin clavulanic acid
(74.9%) which is higher than the previous studies. In the
current study, resistance against nitrofurantoin was noticed
to be 4.2% which is lower than the past studies (6.3%-
30.5%). Resistance to carbapenems was also lower in our
study as compared to previous studies [10-15].
Various factors contribute to burden of antimicrobial
resistance in a region. Inappropriate and irrational use of
antimicrobials, prescribing of broad spectrum antibiotics
without susceptibility checking, over the counter easy
availability of drugs, self medication, poor compliance,
limited healthcare access, non adherence to hospital
antibiotic policy and poor infection control practices are
some of the leading causes of high antimicrobial resistance
in a region.
In the current study, 98.1% of the UPEC isolates were
susceptible to fosfomycin. Most of the previous studies
worldwide have reported a low prevalence of fosfomycin
resistance, less than 2% in UPEC isolates. Authors from
Pondicherry (2019) and Uttar Pradesh (2017) have reported
100% susceptibility to fosfomycin in MDR E. coli
isolates.[11, 8] Other authors from Maharashtra (2018) and
Kolkata (2017) have reported 99.6% and 98.1% fosfomycin
susceptibility in UPEC isolates respectively [10,12].
However, on the other hand some authors have estimated
higher resistance rate of fosfomycin in UPEC. Study from
South Korea and North India in 2020 have estimated
fosfomycin resistance rate to be 6.7% and 9.0% respectively
[16, 17]. Other studies from various parts of the world
conducted between 2015-2021 have reported varying
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prevalence of fosfomycin resistance ranging from 1.3% to
7.8% in urinary isolates of E. coli [18-22]. A comparative
analysis of fosfomycin resistance among various studies is
shown in table 4. Certain other differences are also present
among various studies depicted in table 4 in terms of number
of UPEC isolates taken for the study, types of UPEC isolates
used like ESBL producing isolates or carbapenem resistant
isolates and method used for detecting resistance.

5. CONCLUSION
This study shows high antimicrobial resistance against
commonly used antibiotics for the empirical treatment of
UTI. Fosfomycin seems to be a good promising agent in
current scenario of high resistance to existing drugs and
nonavailability of newer drugs.
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