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ABSTRACT

Background: Antibiotic resistance in uropathogens is a worldwide problem. Empirical therapy of
urinary tract infection (UTI) is based on the susceptibility patterns of locally isolated bacteria in a
given time period. Escherichia coli (E.coli), the most common pathogen causing UTI has developed
resistance against most of the antibiotics for empirical use. Fosfomycin is one of the best antibiotics
to treat UTI, however very little information is available about the susceptibility rate of E. coli to
fosfomycin in Nepal.

Aim: The aim of this study was to determine the fosfomycin susceptibility pattern against
uropathogenic E. coli isolated from January to June 2016 in a tertiary care hospital of Nepal.
Methods: A total of 242 E.coli urinary isolates were included in this study. The isolated organisms
were identified by conventional methods. The antimicrobial susceptibility was performed by modified
disc diffusion method. Minimum inhibitory concentration (MIC) of fosfomycin was performed by E-
test. Extended spectrum B-lactamase (ESBL) and AmpC B-lactamase production was screened and
confirmed by double disc synergy test.
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Results: E. coli were the most common pathogen isolated and were highly resistant to common
antibiotics for oral use such as fluoroquinolones, cephalosporins and cotrimoxazole. However, 98%
of E. coli isolates were found susceptible to fosfomycin.

Conclusions: E. coli urinary isolates revealed a high level of resistance to all the antibiotics tested
with the exception of fosfomycin. Fosfomycin showed the highest efficacy against E. coli and is the
best choice for empirical treatment in Nepal. This study revealed that quinolones, cephalosporins
and cotrimoxazole cannot be used for empirical treatment of UTI in Nepal.
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1. INTRODUCTION

Urinary tract infection (UTI) is one of the most
common bacterial infections occurring in both
males and females of all ages. Escherichia coli is
the predominant pathogen both in community
and hospital settings accounting for 70-90% of
UTI followed by Klebsiella pneumoniae, Proteus
mirabilis, Enterococcus faecalis and
Staphylococcus saprophyticus [1,2]. UTI needs
empirical  therapy before availability of
microbiological results, which is based on the
local susceptibility patterns. The Infectious
Disease Society of America (IDSA) and
European Society for Clinical Microbiology and
Infectious Diseases (ESCMID) recommended an
empirical antimicrobial regimen for treating acute
uncomplicated bacterial cystitis in otherwise
healthy adults [3]. Among the recommended
antibiotics, several studies showed a substantial
increase in  antimicrobial  resistance  of
uropathogenic E.coli against co-trimoxazole,
ciprofloxacin and cephalosporins [4-7]. Globally
accelerating  antimicrobial  resistance by
uropathogenic E. coli has emphasised the use of
fosfomycin to treat UTI [8]. Fosfomycin is a broad
spectrum bactericidal antibiotic that interferes
with bacterial cell wall synthesis, and has been
recommended for the treatment of uncomplicated
UTI [9,10]. An oral single dose of 3 g fosfomycin
tromethamine reaches peak urinary
concentration within 4 hours, and remains high
for 24 to 48 hours which is sufficient to inhibit
most of the uropathogens [11,12].

Since the implementation of updated guidelines
by IDSA and ESCID, use of fosfomycin has
increased substantially as the first line agent in
the treatment of UTI [9-11]. Antibiotic resistance
pattern of uropathogens should be updated
periodically to ensure proper empiric treatment of
UTI and to avoid the emergence of drug
resistance. Little information is available about
the susceptibility rate of fosfomycin to
uropathogens isolated in hospitals of Nepal.

Hence this study is focused on testing the
susceptibility pattern of uropathogenic E. coli with
special reference to minimum inhibitory
concentration (MIC) of fosfomycin by E-test.

2. MATERIALS AND METHODS
2.1 Area of Study

The study was conducted during January to June
2016 at Norvic International Hospital, a tertiary
care referral hospital located in Kathmandu with
state of art facility that provides critical care
services.

2.2 Organisms Selection and Processing

A total of 242 E. coli strains which were already
isolated in routine urine cultures were included in
this study. A positive culture was defined as pure
growth with colony count >10° CFU/ml. All
bacterial isolates were identified by standard
microbiological methods [12]. The antimicrobial
susceptibility of E. coli isolates was determined
by modified Kirby Bauer's disc diffusion method
as described in the Clinical and laboratory
Standards Institute (CLSI) guidelines [13]. The
bacterial inoculum prepared and adjusted to
McFarland 0.5 turbidity standards and inoculated
on the surface of Muller Hinton agar (MHA) plate
using a sterile cotton swab by the lawn culture
method. Several antibiotics discs (HiMedia
Laboratories Pvt. Limited, India) as shown in
Table 1, were tested. Plates were incubated for
18-24 hrs at 37°C., zone of inhibition was
observed and the diameter of inhibitory zones
was measured in millimeters (mm). The results of
the measurement were interpreted as per CLSI
guidelines [13]. Multi drug resistance (MDR) was
determined according to the guidelines
recommended by joint initiative of the European
Center for Disease Prevention and Control
(ECDC) and the Centers for the Disease Control
and Prevention [14]. According to the guidelines,
the isolates showing non-susceptibility to at least




one agent in three or more antimicrobial
categories were identified as MDR. E.coli
isolates were also screened for ESBL production
by the disc diffusion method. The isolates
producing a zone diameter equal to or less than
27mm against cefotaxime (30 pg) or zone
diameter equal to or less than 22 mm against
ceftazidime (30 pg) were screened as ESBL
producers.

Phenotypic confirmatory test for ESBL was
performed by double disc synergy test method as
described by CLSI guidelines given elsewhere.
Pre warmed and dry MHA plate was inoculated
with the test organism as described above,
E. coli ATCC 25922 was used as control strain. A
ceftazidime (30 pg) disc and cefotaxime (30ug)
disc along with the disc containing ceftazidime-
clavulanic acid (30/10 pg) combination and
cefotaxime-clavulanicacid (30/10 Mg)
combination were then placed at 20 to 25 mm
apart. Following incubation at 35°C for 16-18
hours, a 25-mm increase in a zone diameter for
either antimicrobial agent tested in combination
with clavulanate versus the zone diameter of the
agent that was tested alone confirmed the ESBL
producer.

In addition, isolates were also screened for
AmpC B-lactamase production by disc diffusion
method as described by CLSI and Peter-Getzlaff
S, et al. The isolates resistant to ceftazidime,
cefotaxime and Cefoxitin were screened as
AmpC beta-lactamase producers and confirmed
by cefoxitin-cloxacillin double disc synergy test
(CC-DDS) method. Disks containing 30 pg of
cefoxitin and 30 pg of cefoxitin plus 200 ug of
cloxacillin were then placed at 20 to 25 mm
apart. Following incubation at 37°C for 16-18
hours, a difference in the cefoxitin-cloxacillin
inhibition zones minus the cefoxitin alone zones
of 24 mm was considered indicative for AmpC
production.

MIC of fosfomycin was tested by E-test using
Ezy MIC™ strip (HiMedia Laboratories Puvt.
Limited, India) with fosfomycin gradient
concentrations ranging from 0.04 pg/ml to 1024
pg/ml along with 50 pg/ml glucose-6-phosphate.
The lawn culture of the test inoculums was
prepared on an MHA plate as described above.
The Ezy MIC™ strip was placed over the lawn
culture and incubated at 37°C for 24 hours. After
incubation, the MIC value was noted where the
ellipse intersects the MIC scale on the strip.
E. coli 25922 was used as the control strain.
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3. RESULTS

3.1 Type of Bacterial Isolates from Urine
Sample

Out of 3456 routine urine cultures, 348 (10.1%)
were found to be positive for bacterial infection
with significant growth. The most frequently
encountered bacterial pathogen was E. coli,
followed by Klebsiella pneumoniae,
Pseudomonas aeruginosa, Morganella morganii,
Enterococcus spp and Proteus spp, Citrobacter
spp, Acinetobacter species, coagulase negative
Staphylococci (CONS), Enterobacter spp and
Staphylococcus aureus as given in Table 1.

Table 1. Type of bacterial isolates from urine

samples
Uropathogens No. (%)
E. coli 242 (69.5)
Klebsiella pnemoniae 36 (10.3)
Pseudomonas aeruginosa 31(8.9)
Morganella morganii 12 (3.4)
Enterococcus spp 5(1.4)
Proteus spp 5(1.4)
Citrobacter spp 5(1.4)
Acinetobacter spp 4(1.1)
CONS 4(1.1)
Enterobacter spp 3(0.9)
Staphylococcus aureus 1(0.3)

Table 1, the most frequently encountered
bacterial pathogen was E. coli, followed by
Klebsiella pneumoniae, Pseudomonas

aeruginosa, Morganella. morganii, Enterococcus
spp and Proteus spp, Citrobacter spp,
Acinetobacter species, coagulase negative
Staphylococci (CONS), Enterobacter spp and
Staphylococcus aureus

3.2 Antibiotic Susceptibility Pattern of
E. coli

The highest resistance rate was noted for
ampicillin, followed by nalidixic acid,
fluoroquinolones, and cephalosporins which is
given in Table 2. The greatest numbers of
isolates were sensitive to fosfomycin. Very few E.
coli isolates were fosfomycin resistant (0.8%)
and intermediately resistant (1.2%).

Table 2, the highest resistance rate was noted
for ampicillin, followed by nalidixic acid,
fluoroquinolones, cephalosporins and



cotrimoxazole. The lowest resistance rate was
noted to fosfomycin.

Table 2. Antibiotic susceptibility pattern of

E. coli

Antibiotics used Sensitive

no. (%)
Fosfomycin (200 pg) 238 (98)
Imipenem (10 ug) 229 (94.6)
Amikacin (30 pg) 225(93.0)
Piperacillin-tazobactam 224 (92.6)
(100/10 pg)
Cefoperazone-sulbactum 223 (92.1)
(75/10 pg)
Nitrofurantoin (300 pg) 216 (89.3
Gentamicin (10 pg) 208 (86.0
Meropenem (10 pg) 159 (65.7
Cefoxitin (30 pg) 155 (64.0
Co-trimoxazole (1.25/23.75 uyg) 133 (55.0

(89.3)

(86.0)

(65.7)

e

Ceftriaxone (30 ug) 123 (50.8)
Cefixime (5 ug) 122 (50.4)
(50.0)
(49.2)
(48.8)
(48.8)

)

Cefotaxime (30 pg) 121 (50.0
Levofloxacin (5 pg) 119 (49.2
Ceftazidime (30 pg) 118 (48.8
Ciprofloxacin (5 pg) 118 (48.8
Ofloxacin (5 pg) 116 (47.9
Nalidixic acid (30 pg) 69 (28.5)
Ampicillin 24 (9.9)

3.3 MDR Pattern of E. coli

MDR was detected in 221 (91.0%) of E. coli
isolates. Only 20 (8.3%) E. coli were susceptible
to all the antibiotics tested.

3.4 ESBL and AmpC Production in E. coli

Of the total 242 E. coli isolates, 98 (40.5%) were
ESBL producers, 76 (31.4%) were AmpC
producers and 54 (22.3%) were both ESBL and
AmpC producers.

3.5 Fosfomycin MICs for E. coli

A total of 237 (97.9%) E. coli strains were
sensitive to fosfomycin with the MICs ranging
from 0.50 - 64 pg/ml, 3 (1.2%) had intermediate
susceptibility with MIC value of 128 ug/ml and 2
(0.8%) were fosfomycin resistant with the MIC
value of 1024 pg/ml.

4. DISCUSSION

The incidence of urinary tract infections was
10.1% in this study. Higher growth rates were
reported in various studies [15,16] in Nepal.
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However similar rates have been reported by
another study [17]. The relatively lower number
of uropathogens isolation in our study is probably
due to continuous implementation of hospital
infection prevention activities. E. coli (69.5%)
was the most common pathogens isolated in our
study. This is in accordance with another study in
Nepal [18].

On analyzing the susceptibility pattern, the
highest level of sensitivity was observed to
fosfomycin followed by imipenem, amikacin,
pipracillin-tazobactum, and cefoperazone-
sulbactum. A high level of resistance was
observed for ampicillin followed by nalidixic acid,
quinolones, cephalosporins and cotrimoxazole
respectively. Similar results have been quoted by
several other studies [19-21]. Fluoroquinolones
and cotrimoxazole were suggested as a logical
choice for empirical therapy of uncomplicated
UTI [22,23]. However, our results showed these
agents no longer remain a promising choice
against E. coli isolates. Furthermore, our results
match with another report in this regard [24].

Among the aminoglycosides, amikacin and
gentamicin resistance was 7% and 14%
respectively; similar finding was also noticed in
other studies [25,26]. In addition, nitrofurantoin
was observed only in 10.7% of the isolates;
similar rates were obtained from the other report
[27]. However some studies from Saudi Arabia
and Bahrain have reported a high resistance rate
to nitrofurantoin by urinary isolates [28,29].

In this study, a high incidence of MDR E. coli was
observed in 91.0% of the isolates, similar results
were reported by another study [30]. Our finding
of ESBL producing E. coli was 40.50%. It is high
compared to that reported by Hussain et al. [31].
However similar findings were reported by other
studies [32-34]. Following the standard published
protocol [35], we confirmed 31.4% of E. coli
isolates as AmpC producers. We found 22.3% of
E. coli isolates as co-producer of both ESBL and
AmpC  B-lactamase  which  differs  with
Sageerabanoo et al. [36] who reported (35.8%)
of E. coli isolates producing both ESBL and
AmpC [-lactamase.

In our study, MIC E-test results showed similar
susceptibility patterns as shown by the disc
diffusion technique and indicated no reduced
susceptibility to fosfomycin. Several studies also
reported low resistance rates to fosfomycin by
uropathogenic E. coli [37,38]. A recent study
from Korea by Seo et al. reported 100%
susceptibility to fosfomycin in E. coli isolated



from community acquired UTI [39]. In addition,
other reports also state that fosfomycin is a
promising therapeutic option for E. coli [40,41].
Fosfomycin is found in a high concentration for a
longer period of time in voided urine, and it is
effective for the prevention of biofilm formation.
Its tolerability and safety are also excellent [42,
43]. In our study, resistance rates to fosfomycin
did not differ significantly between MDR, ESBL
producers and AmpC producers E. coli. Our
results are supported by a similar study from
Korea by Seo MR et al. that reported fosfomycin
resistance did not differ significantly between
ESBL producers and non-producers E. col.

Several investigators have recommended
fosfomycin a best choice for the treatment of UTI
caused by E. coli [42,43]. However, plasmid-
mediated resistant is reported by CTX-M
producing Escherichia coli clinical isolates [44],
therefore, a regular monitoring of susceptibility
pattern to fosfomycin is required.

Since ampicillin and nalidixic acids are no longer
recommended for the treatment of UTI, however,
we have included in this study, because they
simply indicate the extent of antibiotic resistance
among the locally detected isolates. Although,
imipenem, amikacin, pipracillin-tazobactum and
cefoperazone-sulbactum showed the highest
susceptibility after fosfomycin; however, they are
only available for parenteral use, therefore, not
practically applicable for outpatient clinic setting.
All other antibiotics which are included in the
table 2 can be recommended only depending on
laboratory results if they are found susceptible.

In this study, we performed an E-test for the
determination of MIC of fosfomycin against E.coli
isolates. The E-test is very simple and it greatly
reduces the time for MIC testing, several reports
have validated sensitivity and specificity of E-test
[45-47]. E-test has an advantage over agar
dilution method which can be easily applied to
obtain MIC values of any antibiotics in a routine
clinical laboratory setting.

5. CONCLUSION

In this study, E. coli clinical isolates revealed high
level of resistance to commonly prescribed
antibiotics. In addition, a high level of MDR,
ESBL and AmpC beta-lactamase production
were observed. Fosfomycin showed the highest
efficacy against E. coli clinical isolates in vitro.
Fosfomycin can be the best choice for the
empirical treatment of UTI caused by E. coli. This
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study revealed a very low effectiveness of
quinolones, cephalosporins and cotrimoxazole;
therefore, these antibiotics cannot be used for
empirical treatment of UTI in Nepal.
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