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ABSTRACT

Background: Urinary tract infection is a very common clinical entity and are the leading causes of nosocomial
infections. The options for antibiotics especially for nosocomial infections are very limited. Fosfomycin a good drug
to be used in UTI and is recommend as first line agents for acute uncomplicated UTIs. The emergence of resistance to
fosfomycin is a concern. Limited resistance data for fosfomycin is available from India. This study was conducted in
order to monitor the trends of resistance to fosfomycin in E coli and Enterococcus faecalis causing UTI.

Methods: Urine samples received in the laboratory from all patients were included in the study. Microscopy of
uncentrifuged urine sample was done. Culture and sensitivity was done as per the CLSI guidelines. Susceptibility
testing of the isolates to fosfomycin was performed interpretation done as per CLSI.

Results: Total 150 isolates were taken for the study which included 100 isolates of E. coli and 50 isolates of
Enterococcus faecalis. None of the E. coli isolates were resistant to fosfomycin and 82.0% of the isolates were found
to be sensitive to nitrofurantoin. None of the Enterococcus faecalis isolates were resistant to linezolid. The percentage
susceptibility was 52 % and 70 % for nitrofurantoin and fosfomycin respectively.

Conclusions: The increasing resistance to fosfomycin is a matter of concern. An increased fosfomycin resistance rate
in E. faecalis was observed. Performing antimicrobial susceptibility testing should be the most important criteria
before starting the antibiotic to avoid undue usage and more such studies need to be conducted.
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the bacterial causes of urinary tract infections, the
commonest of the urological pathogens is E. coli.?

INTRODUCTION

Urinary tract infection is a very common clinical entity, it

includes both community acquired and hospital acquired
urinary tract infections. UTIs are one of the leading
causes of nosocomial infections.*

Majority of the patients having community acquired UTI
take over the counter antibiotics. This has led to an
increased antimicrobial resistance globally. Rational
antibiotic usage as per the culture and sensitivity testing
is the need of the hour. Studying the etiological agents as
well as their antimicrobial sensitivity pattern is important
to formulate an effective antimicrobial policy. Amongst

The IDSA (Infectious diseases society of America)
guidelines as well as the ESCMID (European society for
clinical Microbiology and infectious diseases)
recommend the use of fosfomycin, nitrofurantoin and
trimethoprim-sulfamethoxazole (TMP-SMX) as first line
agents for acute uncomplicated UTIs. Fluoroquinolones,
amoxicillin-clavulunate and other B-lactams ought to be
reserved as a second-line agent.?

The options for antibiotics especially for nosocomial
infections are very limited due to the higher prevalence of
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Extended spectrum beta-lactamases (ESBLS) and even
carbapenem-resistant  Enterobacteriaceae (CREs) in
urological pathogens.*

Many studies recommend the use of fosfomycin for
uncomplicated UTI. Fosfomycin has a broad spectrum of
action and an excellent bactericidal activity against both
gram negative as well as gram-positive organisms. It is
used to treat both the susceptible as well as multidrug
resistant bacteria. Its mechanism of action is by inhibiting
the synthesis of bacterial cell wall at a step prior to that
inhibited by beta lactams. Fosfomycin enters the
bacterium through membrane channels/transporters and
inhibits MurA, a cytosolic enzyme which initiates
peptidoglycan (PG) biosynthesis of the bacterial cell wall.
It is not metabolized but excreted unchanged in the urine
by glomerular filtration, it attains a higher urinary
concentration for more than 72 hours, this allows the
single dose regimen for the treatment of uncomplicated
UTI. It is a safe drug with literally no drug interaction, in
addition, it reduces the adherence of bacteria to
uroepithelium. Use of fosfomycin is safe for patients with
renal and hepatic impairment and no dosage adjustments
are required in elderly patients and in pregnancy.3® These
reasons make fosfomycin a good drug to be used in UTI
but the increasing resistance is a matter of concern that
needs to be looked upon and should be given only to
those patients where antibiotic therapy is indicated to
avoid the undue usage of fosfomycin.

The  guidelines  for  performing  antimicrobial
susceptibility testing for determination in vitro sensitivity
of gram negative and gram-positive bacteria to
fosfomycingiven by CLSI and EUCAST include agar
dilution, broth dilution, disk diffusion and E test
techniques.®

As per CLSI, disk diffusion and MIC breakpoints apply
only to E. coli and Enterococcus faecalis urinary isolates
only and these should not be extrapolated to other species
of Enterobacteriaceae.’

The mechanism of bacterial resistance to fosfomycin
commonly involves either a chromosome-associated
defective transport system or less commonly plasmid-
mediated fosfomycin-inactivating enzymes and MurA
mutations.®

The emergence of resistance to fosfomycin is a
reasonable concern when evaluating fosfomycin for
clinical use. Limited resistance data for fosfomycin is
available from India. This study was conducted in order
to monitor the trends of resistance to fosfomycin in E.
coli and Enterococcus faecalis causing UT].

The aim of this study was to evaluate thein
vitro fosfomycin activity against uropathogenic E. coli
and Enterococcus faecalis isolated from patients in a
tertiary care hospital in New Delhi.

METHODS

This study was conducted in the department of
Microbiology, Govind Ballabh Pant Institute of Medical
Education and Research (GIPMER), New Delhi.The
study was conducted over a period of 6 months from 1%
June 2023 to 30" November 2023. Ethical clearance was
obtained from institutional ethics committee (reference
no. F.1/IEC/MAMC/96/02/2023/N0.362).

Urine samples received in the microbiology lab from all
OPD and IPD patients were included in the study. The
first isolate of each species from each patient was
included in the study. The samples included in our study
were processed strictly anonymously. Samples were
processed immediately when received. Direct microscopy
of the uncentrifuged urine sample was done to look for
pus cells and bacteria. Culture was done as per the
standard technique and were plated by semi-quantitative
culture method on 5% sheep blood agar and
MacConkey's agar. Plates were incubated at 37°C for 18
to 24 hours. The growth of organisms and colony count
was noted. The isolates obtained from the samples with
significant bacteriuriaof >10°CFU/ml with supportive
clinical signs and symptoms suggestive of UTI, history of
UTI and/or the presence of significant pus cells on direct
microscopy were processed further.

The isolates were identified using conventional
biochemical tests and/or by VITEK 2 automated system
(bioMerieux, Marcy I’Etoile, France) system. Duplicate
isolates of the same pathogen from the same patient were
not included in the study. Antimicrobial susceptibility
testing was performed on Mueller-Hinton agar plate
using Kirby-Bauer disc diffusion method and/or by
VITEK 2 Automated system and results were interpreted
according to the Clinical and Laboratory Standards
Institute guidelines.

The different antimicrobial agents that were tested
included both Gram negative panel and Gram-positive
panel. The gram-negative panel included ampicillin (25
Mg), norfloxacin (10 pg), ciprofloxacin (5 pg),
gentamicin (10  pg), ceftriaxone (30  pg),
trimethoprim/sulphamethoxazole (1.25/23.75 1Q),
amikacin (30 pg), nitrofurantoin (300 pg), piperacillin-
tazobactam (100 / 10 pg), imipenem (30 pg), meropenem
(30 ug) andfosfomycin (200 pg). The gram-positive
panel included ampicillin (25 pg), ciprofloxacin (5 pg),
norfloxacin (10 pg), levofloxacin (5 ug), high level
gentamicin (120 pg), vancomycin (30 ug), teicoplanin
(30 pg), linezolid (30 pg), nitrofurantoin (300 ug) and
fosfomycin (disc as well as E strip).

Commercially available fosfomycin discs (200 pg)
containing 50 pg of glucose-6-phosphate were used
(HiMedia  Laboratories) and  fosfomycin E-
stripscontaining fosfomycin (0.064 mcg/ml to 1024
mcg/ml) and supplemented with glucose-6-phosphate
(HiMedia Laboratory Pvt. Ltd.) were used. Commercially
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available Mueller-Hinton agar (HiMedia Laboratories)
was used as testing media. The inoculated plates were
incubated in ambient air at 37°C for 18 to 24 hours. E.
coli ATCC 25922 and Enterococcus faecalis ATCC
29212 were used as control strains. Susceptibility testing
of the isolates to fosfomycin was performed by the disc
diffusion method followed by E-strip, zone of inhibition
and MIC was interpreted using CLSI M100 31% edition,
breakpoints of fosfomycin for urinary isolates.

Results of disc diffusion using 200 pg fosfomycin disk
containing 50 pg of glucose-6- phosphate are interpreted
according to the following criteria: 1) Zone diameter >16
mm means a susceptible strain, 2) Zone diameter 13-15
mm means an intermediate strain, 3) Zone diameter <12
mm means a resistant strain. The MIC values were
interpreted according to the following criteria:” 1) MIC
<64 mg/ml: susceptible (S), 2) MIC 128 mg/ml:
intermediate (1), 3) MIC =256 mg/ml: resistant (R).

Statistical analysis

Statistical analysis was done using GraphPad software.
The data was entered in M.S excel and descriptive data

Table 1: Profile of organisms causing UTI am

was expressed in frequency and percentage. P value of
<0.05 was considered statistically significant. MIC 50
and MIC 90 were calculated after entering the data in
excel and using formula and writing 0.5 for MIC 50 and
0.9 for MIC 90.

RESULTS

A total of 2101 urine samples were received for culture
and sensitivity during the study period (6 months). Of
them 1702 (1702 / 2101; 81.00%) were culture negative
with no growth or growth < 105 CFU/ml. 399 (399/ 2101;
18.99%) were culture positive with bacteriuria
>10°CFU/ml. This included 236 gram negative bacilli,
108 gram positive cocci and 55 candida species. Out of
the 236 gram negative organisms, 110 were identified as
E. coli, 80 as Klebsiella pneumoniae, 27 as Pseudomonas
aeruginosa, 11 as Proteus spp, 6 as Citrobacter spp, and
02 as Acinetobacter baumannii. Among gram positives
89 as Enterococcus spp (50 Enterococcus faecalis and 39
Enterococcus faecium), 12 as MSSA, and 07 as MRSA
(Table 1).

ongst culture positive samples (n=399).

Fungal pathogens

Organism N (%) Organism N (%) Organism N (%)

E. coli 110 (27.56) Enterococcus spp 89 (22.30) Candida spp 55 (13.79)
Klebsiella pneumonia 80 (20.05) MSSA 12 (3.00)

Pseudomonas aeruginosa 27(6.76) MRSA 07(1.75)

Proteus spp 11 (2.75)

Citrobacter spp 06 (1.50)

Acinetobacter baumanii 02 (0.50)

Total 236(59.14) Total 108 (27.07) Total 55 (13.79)

Table 2: In vitro activities of antimicrobial agents against E. coli and Enterococcus faecalis isolated from urine

specimens.

Suscept

ibility O

E. coli

(N=100)

Susce- 10 g5 4y 49 16 47 48 52 9 27 22 18 26 53 72 68 67
ptible 0]

faist's‘ 0O 18 66 90 8 53 52 48 91 73 78 8 74 57 28 32 33

Fo(fosfomycin), NIT (nitrofurantoin), Cot (trimethoprim/Sulphamthoxazole), NX (norfloxacin), Cip (Ciprofloxacin), Gen (Gentamicin),
Ak(Amikacin), Net(Netilmycin), Amp (Ampicilin), A/S (Ampicillin/sulbactam), AMC (Amoxicillin/Clavulinic acid), CTR
(ceftriaxone), CPM (Cefepime), PIT (piperacillin/tazobactam), MRP (Meropenem), IMP (Imipenem), ETP (Ertapenem).

systems. Multidrug resistance was defined as resistance
to atleast one agent in three or more antimicrobial groups.

Isolates identified as E. coli and Enterococcus faecalis
were only included in study. Other organisms were
excluded from the study due to the lack of CLSI

guidelines for fosfomycin susceptibility. A total of 150
isolates were taken for the study which included 100
isolates of E. coli and 50 isolates of Enterococcus
faecalis. The sensitivity for the isolates was performed by
manual disk diffusion method and/or by VITEK-2

International Journal of Research i

None of the E. coli isolates were resistant to fosfomycin
and 82% of the isolates were found to be sensitive to
nitrofurantoin. The percentage susceptibility was 34%,
10%, 16%, 47%, 48%, 52%, 9%, 27%, 22%, 18%, 26%,
53%, 72%, 68% and 67% respectively for trimethoprim/
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sulphamethoxazole, norfloxacin, ciprofloxacin,
gentamicin, amikacin, netilmycin, ampicilin, ampicillin
sulbactam, amoxicillin clavunate, ceftrixaone, cefepime,
piperacillin tazobactam, meropenem, imipenem and
ertapenem (Table 2).

. 2024 Aug;12(8):2899-2906

and 82% of the isolates were found to be sensitive to
vancomycin. The percentage susceptibility was 16%,
14%, 12%, 22%, 28%, 52% and 70% respectively for
tetracycline, ciprofloxacin, norfloxacin, high level
gentamicin, ampicilin, nitrofurantoin and fosfomycin

(Table 3).
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Figure 1: In vitro activities of antimicrobial agents _ Qf’
against Escherichia coli isolated from urine «2»*%
specimens.

Figure 2: In vitro activities of antimicrobial agents
against Enterococcus faecalis isolated from urine
specimen.

Table 3: In vitro activities of antimicrobial agents against Enterococcus faecalis isolated from urine specimens (n=
50).

None of the Enterococcus faecalis isolates were resistant
to linezolid. 86% isolates were susceptible to teicoplanin

Susceptibility
Enterococcus
faecalis

Fo (%) Nit Amp

(%) (%)

HLG
(%)

NX CIP

(%) (%) (%)

Susceptible 35 (70) 26 (52) 14(28) 11(22) 6(12) 7(14) 8(16) 41(82) 43 (86) 50 (100)
Resistant 15 (30) 24 (48) 36(72) 39(78) 44(88) 43(86) 42(84) 09(18) 07(14) 0(0.0)
Fo (Fosfomycin), Nit (Nitrofurantoin), Amp (Ampicilin), HLG (High level gentamicin), NX (Norfloxacin), Cip (Ciprofloxacin), TE
(Tetracycline), VA (Vancomycin), TEI (Teicoplanin), LZ (Linezolid)

TE TEI

(%)

VA (%)

LZ (%)

Table 4: Minimum inhibitory concentration (MIC) distribution and susceptibility rates of fosfomycin by gradient
testing (E strip) method against 150 isolates (100 E. coli and 50 Enterococcus faecalis).

Org-

: < MIC50 MIC90
anism 05 075 1 15 2 4 8 16 32 48 64 128 256 512 768 1024 (mg/l) (mg/L) %R
E.coli 100 12 8 57 10 13 0 0 0 O O O O 0 0 0 0 1 2 0
E.
faecca- 50 0 O 0 O 0O 0 0 1 8 13 13 O 5 2 6 2 64 768 30
lis

MIC50, minimum concentration (pg/mL) required to inhibit the growth of 50% of isolates; MIC90, minimum concentration (pg/mL)
required to inhibit the growth of 90% of isolates.

Table 5: Breakup of antimicrobial susceptibility of Enterococci faecalis for fosfomycin susceptible and resistant
isolates.

Antibiotics

Nit 26 09 0 15 0.0001 Significant
Amp 15 20 0 15 0.0071 Significant
HLG 11 24 0 15 0.0370 Significant
Cip 07 19 0 15 0.0757 Not significant

Continued.
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Statistical analysis

P value

Significance

Antibiotics

Tetra 08 27 0 15 0.1097 Not significant

Vanco 34 01 7 8 0.0001 Significant

Teico 34 01 9 6 0.0025 Significant

Linezolid 35 00 15 0 1.000 Not Significant
DISCUSSION However, in contrast to our study, some studies have

Out of total patients attending outdoor and indoor
departments of GB Pant hospital with symptoms
suggestive of UTI, 18.99% (399/2101), had culture
positivity, which is close to other studies. A study by
Chooramani et al in 2020 recorded positivity of 16.9%.2

In our study, the most predominant isolated organism was
Escherichia coli as is seen in other studies too.13

The important findings of the present study was that
fosfomycin demonstrated a remarkable antimicrobial
activity against all the tested Escherichia coli isolated
from urine, all the isolates were sensitive to fosfomycin
(100%). This finding is in concordance with the study by
Marakiet al, MDiez-Aguilar et al and Kumar et al, they
also observed 100% susceptibility of E. coli to
fosfomycin,1.910

Behra et al demonstrated a susceptibility of 99%,
Hareendranath et al, also demonstrated promising
sensitivity against MDR E. coli, as high as 98% of the E.
coli isolates were sensitive to fosfomycin.>*2

We observed a relatively higher resistance to most of the
routinely used antimicrobials against uropathogenic E.
coli. This could be because of irrational use of antibiotics
with inadequate dosage and duration.?

The commonly used antibiotics like ampicillin,
cotrimoxazole and norfloxacin are mostly resistant, there
is a considerable increase in resistance to ceftriaxone and
ciprofloxacin also, about (82/100) (82%) and (84/100)
(84%) isolates were resistant to ceftriaxone and
ciprofloxacin respectively, this was in concordance to
many other studies published in and outside India.>%1.13

Inour study nitrofurantoin, the age-old urinary antibiotic
has also shown an effective susceptibility rate. Out of the
100 E. coli isolated 82 (82%) were sensitive to
nitrofurantoin. The study by Maraki et al, Chooramani et
al, and Zhanel et al have also shown a considerable
susceptibility rate of E. coli isolates to nitrofurantoin.?

In our study all the MDR strains of E. coli showed 100%
sensitivity to fosfomycin, the antibacterial activity of
fosfomycin against uropathogenic E. coli, supports the
findings of many other studies on % sensitivity of
fosfomycin to E. coli.l?

reported resistance to fosfomycin in E. coli was
increased. The resistance rate reported to fosfomycin in
uropathogens in some countries is alarming. Studies in
China by Li et al in 2015 found that 7.8% of nonduplicate
E. coli clinical isolates collected from 20 geographically
dispersed hospitals from July 2009 to June 2010 were
nonsusceptible to fosfomycin (MIC: 64 mg per liter).14
Similarly in a study by Oteo et al across twenty-seven
Spanish hospitals the overall rate of fosfomycin
resistance in E. coli was 9.1%, (5.6% to 15.3%).'® They
have attributed this increased resistance to the higher
prevalence of fosA3 gene which is concurrent with higher
transferability of fosA3- harbouring plasmids, this results
in further transmission of resistance.4*%

Fosfomycin  susceptibility also depends on the
consumption of the antibiotic. A changing trend with the
varied result have been reported overtime in places where
its consumption rate is high. In a study conducted in
Spain showed an increase in resistance 15.3%, among E.
coli urinary isolates where the consumption rate was up
to 50%.7

Enterococcus species are the leading cause of healthcare
associated infections. UTI caused by Enterococcus spp
account for about 5% in community acquired UTI and
about 30% in hospital acquired UTI including catheter
associated UTI. In our study we found the prevalence of
UTI due to Enterococcus spp is 22.3(89/399). Our
findings are similar to finings of Abbott et al and
Kraszewska et al.*819

We found a remarkable higher resistance to fosfomycin
against the tested Enterococcus isolates, (15/50) i.e. 30%
resistance and (35/50) i.e. 70% sensitivity. This could be
explained by the fact that ours is a super-speciality
institute wherein the patients are being referred from
other hospitals and have either already taken antibiotics
or are on antibiotics at the time of admission. Similar to
our study, fosfomycin sensitivity against Enterococci,
including VRE strains, varied in the available studies,
ranged from 30% to 100% for Enterococcus spp, with
some of the studies reporting sensitivity as low as
30%_6,8,18

This trend of increase in antibiotic resistance to
fosfomycin seen in Enterococcus spp could be because of
its increasing usage after its revival owing to its minimal
side effects and single daily dosage regimen. Similar to
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our study this increasing antibiotics resistance in
uropathogenic Enterococcus have also been seen across
other countries as well 68918

In the present study the MIC of fosfomycin for
Enterococcus faecalis was higher compared to the
reported rates in previous other studies. We reported MIC
50/90 of 64/768 for the isolates of Enterococcus tested,
while as MIC 50/90 of 32/64 pg/ml was reported by
Zhanel et al and Abbott et al also noted higher MIC
distributions and found MIC50/90 of 64/128 pg/ml for
E. faecalis.®!® Not many studies have been done in India
depicting the MIC of Enterococcus faecalis in urinary
isolates, so more studies need to be done to have a better
understanding.

Nitrofurantoin also showed an increased resistance 48%
(24/50) in Enterococcus species. Linda et al have also
reported reduced susceptibility rates for nitrofurantoin.®

The level of resistance to oral antibiotics including
fosfomycin and nitrofurantoin in Enterococcus spp
although increasing but still these two antibiotics are
considered to be better options among the available oral
medications, and can still be used in the treatment of UTI,
as these are urinary specific antibiotics, but usage should
be guided by the antibiotic sensitivity report or the local
antibiogram to avoid development of resistance to
fosfomycin.L7917

None of the Enterococcus faecalis isolates were resistant
to linezolid, this is as per the findings of most of the
studies on urinary isolates of Enterococcus including
those of Ou et al, Chakraborty et al.>?° While a study
from Chennai by Kiruthiga et al reported sensitivity of
only 68.5% to linezolid.?*

The resistance to norfloxacin, ciprofloxacin, tetracycline,
High level gentamicin and ampicillin was 88%, 86%,
84%, 78% and 72% respectively. Similar kind of
antimicrobial resistance pattern is also noted by
Segupatta et al and Sharifi et al in their study.?>?3

Emergence of resistance to many regularly used
antibiotics can be attributed to their irrational use and to
the ease of availability of antibiotics over the counter.
Moreover, in our situation the patients have also been on
antibiotics as being referred from other settings. 86% of
isolates were susceptible to teicoplanin and 82% of the
isolates were found to be sensitive to vancomycin.
Segupatta et al and Sharifi et al also found 18.6%
resistance in vancomycin.???% In our study resistance to
fosfomycin did not seem to be associated with
vancomycin or teicoplanin resistance as out of 15
fosfomycin resistant isolates, (8/15) were vancomycin
resistant and (7/15) were fosfomycin sensitive. And for
teicoplanin out of 15 resistant fosfomycin isolates (9/15)
were sensitive to teicoplanin and (6/15) were resistant to
teicoplanin  and statistical analysis also  shows
fosfomycin resistance was not related to vancomycin or

teicoplanin resistance. This finding is in contrast with the
findings of Allerberger and I. Klare et al, in their study
they found fosfomycin inhibited 97, 94 and 96% of the
VR strains tested although MICs of fosfomycin for most
of VR isolates were in the intermediate range. However,
in our study out of 8 vancomycin resistant isolates only 1
was found to be sensitive to fosfomycin.?*

Fosfomycin enters the bacterium through membrane
channels/transporters and inhibits MurA, a cytosolic
enzyme responsible which initiates peptidoglycan (PG)
biosynthesis of the bacterial cell wall.

The mechanism of bacterial resistance to fosfomycin
commonly involves either a chromosome-associated
defective transport system or less commonly plasmid-
mediated fosfomycin-inactivating enzymes and MurA
mutations. Two important key transporter systems, GlpT
and UhpT, mediate the entry of fosfomycin into bacterial
cells. Once mutations in the
chromosomal glpT and uhpT genes  occur, there s
reduction in permeability which confers resistance to
fosfomycin. Several bacteria display inherent resistance
to fosfomycin mainly through MurA mutations.
The murA gene mutants exhibit lower affinity for
fosfomycin, conferring various degrees of drug
resistance. Moreover, fosfomycin-modifying enzymes,
coded by the plasmid gene including FosA, FosB, FosC
and FosX catalyze the inactivation of fosfomycin. Out of
these four only FosB is produced by Gram-positive
bacteria. Hence, in Enterococcus sppFosB was
responsible for the resistance mechanism.3 8

The treatment options for UTI caused by fosfomycin
resistant Enterococcus should be guided by the antibiotic
sensitivity report for the particular patient. Although
resistance to ampicillin is also higher but still can be
considered in patients with uncomplicated UTI because
of its higher concentration potential in urine, moreover in
conditions where nitrofurantoin is susceptible it can be
given in fosfomycin resistant cases of UTI. However, in
complicated UTI caused by fosfomycin resistant
Enterococcus spp intravenous ampicillin with high level
gentamicin can be considered.?

In India surveillance studies to find out the genotypic
mechanism of resistance in Enterococcus are needed to
be undertaken as the plasmid mediated resistance is
emerging worldwide and is most worrisome.® In other
countries like China the plasmid mediated resistance to
fosfomycin, both in E. coli and Enterococcus specially in
VRE is on rise and this resistance is conferred by fosB
and fosB3 has already put a significant burden in
healthcare settings.*

This study has few limitations. In our study history of
previous exposure to fosfomycin could not be taken in all
the patients, this is important to know as increased use of
fosfomycin is associated with increased resistance.®
Moreover, in our study we have seen the resistance to
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fosfomycin only by phenotypic tests, genotypic studies to
know the gene responsible for the resistance could have
been done, plasmid mediated resistance is emerging in
Enterococcus worldwide and is most worrisome.®

Our study being an in vitro study has some limitations
compared to in vivo studies. In vitro testing systems do
not consider the pharmacokinetics of the antimicrobial
agent or the postantibiotic effect, whereby microbial
growth is suppressed even when the antibiotic
concentration falls below the MIC. The variability in
drug distribution to infection sites within the body is also
not considered.?®

To our knowledge, this study is one of the very few
studies done from North India to test fosfomycin
susceptibility  against  several — multidrug-resistant
uropathogens including Enterococcus faecalis from
patients with UTIs, however more such studies are
needed to know rate of developing resistance to
fosfomycin in urinary isolates.

CONCLUSION

Fosfomycin a good drug to be used in UTI but the
increasing resistance is a matter of concern that needs to
be looked upon and should be given only to those patients
where antibiotic therapy is indicated to avoid the undue
usage of fosfomycin. Performing antimicrobial
susceptibility testing should be the most important
criteria before starting the antibiotic. Although
fosfomycin is a reliable oral option for treating urinary
tract infections due to multidrug-resistant uropathogens
but it should be reserved for those where other oral
options are resistant or cannot be given as the usage of
this drug is associated with the development of
resistance.

An increased fosfomycin resistance rate in E. faecalis
was observed in our present study whereas the
susceptibility rate was 100% in urinary isolates of
Escherichia coli. Studies on the susceptibility rate of
Enterococcus faecalis against fosfomycin are very
limited in India, more studies need to be done to know
the detailed information on susceptibility rates of
Enterococcus species.
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