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Susceptibility of fosfomycin for the treatment of Multidrug-
Resistant Escherichia coli: a systematic review
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Background

To overcome the problem of urinary tract infections (UTIs)
caused by antibiotic resistant E. coli (EC), either new drugs
should be discovered or traditional, forgotten antibiotic options
like fosfomycin should be reconsidered. This systematic review
enlightens the usage of fosfomycin in different countries and
based on the recommendations, seek to find the applicability of
using fosfomycin as a first line drug of choice in Sri Lanka like
settings.

Method

A systematic review of literature following the guidelines of
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis was conducted from 1% of January 2011 to 31*
of December 2021 in PubMed using different search terms.
Initially, 498 potentially relevant articles were identified. Out
of which, 29 articles were included in this review, based on
inclusion and exclusion criteria.

Results

Out of 29, 18 studies reported fosfomycin sensitivity data,
accounting for total of 14,306 bacterial isolates. Majority of
the isolates were E. coli (n=9806) followed by Klebsiella spp.
(n=1444). All these studies reported more than 80% sensitivty
to fosfomycin, out of which 11 studies reported fosfomycin
resistance ranging from 0.19% to 22%.

Conclusions

Multi-drug resistant, extended spectrum of f-lactamase (ESBL)
producing bacteria are increasingly reported. Fosfomycin is
the most effective antibiotic against ESBL-EC with a high
sensitivity rate against urinary isolates of both community
and hospital-acquired UTIs. The findings shed some light on
the applicability of fosfomycin as a potential treatment option
against E. coli in countries with a high burden of antibiotic
resistance. However, further clinical studies should be
performed before administration.

Keywords
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INTRODUCTION

Urinary tract infections (UTIs) are one among
the most common community-acquired bacterial
infections in humans. Mortality and occurrence
of serious infections associated with UTIs have
increased over the years.! Annually over 150
million people are affected with UTIs all over the
world.? Escherichia coli, Klebsiella pneumoniae,
Staphylococcus aureus, Enterococcus faecalis,
and,? Proteus mirabilis are some of the organisms
causing UTIs. Out of which E. coli is the most
common etiological agent.>*3

Oral antibiotics recommended for uncomplicated
UTIs include nitrofurantoin, trimethoprim-
sulfamethoxazole, fosfomycin, cephalexin,
and quinolones like nalidixic acid, norfloxacin,
ciprofloxacin etc. Depending on the condition
of the patient and the type of bacteria present,
suitable antibiotics are prescribed. Due to
incomplete recovery of patients and frequent
recurrence of UTIs, antibiotic usage has been
increased globally.®
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Antibiotic resistance is the process of bacteria becoming
resistant to the antibiotics, rather than the body becoming
resistant to antibiotics. As a result, bacteria will not be
killed by antibiotics. Infections including UTIs, caused
due to antibiotic-resistant organisms are very difficult
to cure. In USA, approximately 250 million people
are infected with antibiotic-resistant bacteria and
fungi annually. Of which, over 35,000 people deaths
were reported.” Due to increased usage of the broad-
spectrum antibiotics and increase of Extended Spectrum
Beta-Lactamase (ESBL) producers, uropathogens are
becoming multi-drug resistant (MDR). Acquisition of
resistance to at least one antibiotic in three or more
antibiotic classes are defined as MDR.*’ The rate of
prevalence of MDR E. coli in USA has elevated from
9% to 17% from 2009 to 2010". As a result, prevailing
effective antibiotics to treat UTIs are limited. The lack
of novel antibiotics is provided as a good motivation for
the clinicians to use antibiotics like fosfomycin, which
has shown good activity against MDR bacteria.'

Fosfomycin is a traditional antibiotic with very low
molecular weight and a broad spectrum of activity
against both Gram-negative and Gram-positive MDR
bacteria.!' It’s a proven alternative antibiotic for MDR
E. coli and Klebsiella spp. but, effectiveness for E. coli
was higher than that for Klebsiella spp.®'? Fosfomycins’
activity is not affected by beta-lactamases.'> Many
studies have revealed fosfomycin as the potent antibiotic
for E. coli among all other antibiotics, with a low
minimum inhibitory concentration (MIC)."*-'* Although
many foreign studies have suggested fosfomycin as
an effective antibiotic for MDR UTIs, limited data is
available from Sri Lanka on usage of fosfomycin for
research purposes only. However, this is currently not
being used in the Sri Lankan clinical setting. Thus, this
review was aimed at gathering available literature on
fosfomycin, as an alternative for MDR E. coli, for Sri
Lanka like developing county settings to reduce the
burden of antibiotic resistance.

METHODOLOGY

This systematic review was conducted following the
guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA).

©The Ibn Sina Trust
Study selection

The MEDLINE/ PubMed database was searched for
published articles from 1% of January 2011 to 31 of
December 2021 to recognize the eligible studies. The
search strategy was designed by combining search
terms for ‘fosfomycin’ along with ‘susceptibility’,
‘susceptible’, ‘resistance’, ‘resistant’. The search terms
related to antibiotic resistance were ‘antimicrobial
resistance’,  ‘antibiotic  resistance’,  ‘multi-drug
resistant’, ‘ESBL production’, ‘ESBL producing E.
coli’, ‘Sri Lanka’, ’South Asia’, ‘Asia’, and ‘world’.

Selection criteria

The following were the inclusion criteria of this study;
(1) in-vitro studies reported fosfomycin susceptibility
and resistance related data, (2) data from studies that
have followed agar dilution method, disc diffusion
method, E test, broth micro dilution method or
automated methods (VITEK and BD Phoenix), and
interpreted using CLSI or EUCAST guidelines. The
studies that fulfilled these criteria were excluded; (1)
studies published in languages other than English,
(2) animal studies, (3) studies that have focused on
resistance to other antibiotics instead of fosfomycin and
(4) studies with unclear methods.

Data extraction and analysis

This systematic search of literature identified 498
articles for initial title and abstract screening. Precisely,
a total of 29 studies were included in this review based
on the inclusion and exclusion criteria. The figure 1
demonstrates the method used for selecting studies
to include in this review. Out of these 29 studies, 18
referred to fosfomycin susceptibility data, 9 referred
to fosfomycin resistance data and 2 referred to both
susceptibility and resistance data.

The data extraction was conducted by two independent
reviewers and conflicts were discussed by the
consensus of two reviewers or with the help of a third
senior reviewer. The extracted data were entered in to
a Microsoft Excel sheet under column headings such
as; name of the first author, publication year, country,
microbiological testing method, origin of isolates,
number of positive isolates, number of organisms
included in the study, and fosfomycin sensitivity
and resistance percentages. The extracted data were
analyzed and interpreted by using GraphPad Prism
9.3.1 software.
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498 potentially relevant articles from PubMed

197 duplicates removed

A 4

A

301 titles and abstracts initially screened

Removed 250 not relevant publications (studies not
assessing the effectiveness of fosfomycin for
uropathogens)

v

A 4

51 articles identified for additional assessment
after first screening

Excluded;

9 articles with no reference to objectives
4 without reference to fosfomycin

4 animal study

2 synergy studies

2 articles with non-eligible languages

1 with unclear methods

v

v

29 publications included in the review

Figure 1: Flowchart of the study selection process for the systematic review
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RESULTS
Mode of action of fosfomycin

Fosfomycin was discovered in Spain in 1969. Originally
it was named as ‘phosphonomycin’ which is produced
by Streptomyces spp.*'* and it is an antibacterial agent
with a broad spectrum of activity for both Gram-
positive and Gram-negative bacteria by inhibiting
phosphoenolpyruvate synthetase. Fosfomycin drug
enters the cell wall of fosfomycin susceptible bacteria
by two transporting systems known as the L-a-
glycerophosphate transport system (GlpT) and the
hexose phosphate uptake system (UhpT). Thereby,
inhibit cell wall peptidoglycan synthesis of bacteria.'®
This is a unique antibiotic that does not show any
interaction with other antibacterial agents and has no
cross-resistance with other antibiotics. Hence, it acts
synergistically with other antibiotics.!” Fosfomycin is a
smaller molecular weighted antibiotic with no ability
of binding to proteins. It is less toxic and well tolerated
by the body, with few incidences of side effects such as,
allergic reactions, vomiting and diarrhea.*

There are three formulations of fosfomycin; two
oral forms with tromethamine and calcium salts and
intravenous form with disodium.!® Oral fosfomycin is
well distributed into tissues. It is mostly used for the
treatment of uncomplicated UTIs caused by E. coli and
Enterococcus faecalis. Fosfomycin possesses a renal
clearance of 90%, with no secretion to renal tubular
epithelial cells. It is having a long elimination half-life,

which is in between 4 and 8 hours."” There’s a favorable
environment inside the urinary tract for fosfomycin,?
by concentrating the drug in the bladder and by
maintaining an acidic pH.

The antimicrobial susceptibility of fosfomycin

Antibiotic susceptibility testing of fosfomycin is
important in clinical practice. Clinical Laboratory
Standard Institute (CLSI) guidelines has categorized
fosfomycin under the “Group U supplement for urine
only category”. Fosfomycin is the only antibiotic in
the fosfomycins family and it is recommended only for
the testing of urinary isolates. Fosfomycin 200pug disk
is the standard disk for antibiotic susceptibility testing
(ABST) by disk diffusion method. Recommended
method for Minimum Inhibitory Concentration (MIC)
detection is the agar dilution method in CLSI 2022.*!

Fosfomycin showed a high cure rate around 90%.%
It was proven as an effective and safe treatment for
uropathogens with less toxicity.” The articles reviewed,
have mentioned that randomized clinical trials are
underway, which would provide greater evidence.
Fosfomycin was considered as an effective treatment
option for ESBL-producing E. coli ***° but, limited
applicability was reported against ESBL-producing
Klebsiella spp.® Since, the records available on the
effectiveness of fosfomycin for MDR bacteria are still
limited, further research studies are required to validate
the effectiveness of fosfomycin for complicated UTIs in
the context of emerging MDR bacteria. '

Table 1. Characteristics of studies describing fosfomycin sensitivity data

q q A . . No: of Number and name Fosfomycin
First author Microbiological Origin of o . e
Sr. No ) Study year Country testing method isolates positive of organism/s sensitivity
¥ g isolates (n) studied percentage
1 Saeed (2021)* 2018-2019 Bahrain DD Urinary isolates 3044 3044-EC 97.6
35- ESBL EC 386
AD, GT, BMD - 1y, ent clinical 30- KPC KP 24.0
2 Aprile (2020)>”  Not mentioned Italy and automated . 120 8- NDM-OXA .
isolates 100.0
systems*® 48- KP 375
27- OXA-48 KP ’
il 29- EC 100.0
3 Karaiskos (2019)*  2014-2018 Greece R T Urinary isolates 44 6- KP 100.0
9- Other 100.0
Gopichand 217- EC 100.0
4 P o 2016-2017 India DD, BMD Urinary isolates 326 52- KP 70.0
(2019) 57- Other
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. q 5 q 34 No: of Number and name Fosfomycin
First author Microbiological Origin of o . oo
Sr. No Study year Country . . positive of organism/s sensitivity
(year) testing method isolates . 5
isolates (n) studied percentage
34- ESBL EC 100.0
5 Bielen 2019)* 2012-2014 Croatia DD, AD Urinary isolates 42 7- ESBL KP 100.0
2- Other
. . 149- EC 100.0
6 P“yé%hlagr)s}l(}ana 2016-2017 Sri Lanka DD Urinary isolates 178 16- KP 100.0
13- Other
Multicenter
(Finland,
7 Ny (2019)* 2015-2017 Germany, Latvia, DD Urinary isolates 775 775- EC 98.7
Poland, Russia
and Sweden)
. . . . 81- EC 98.9
32 "
8 Amladi (2019) 2016-2017 India DD Urinary isolates 150 - TRl 7, 94.0
1703- EC 97.0
9 Fajfr (2017)* 2013-2014 Czech Republic DD Urinary isolates 3295 643- KP 80.4
949- Other
10 Bi (2017)* 2011-2015 China AD Urinary isolates 356 356- ESBL EC 93.3
Urine, pus,
sputum, vaginal
11 Ohkoshi (2017) 2008-2009 Japan DD, AD secretions, 211 211- EC 98.6
aspirations and
stool
177- EC
12 Yeganeh (2016)* 2014-2015 Iran DD Urinary isolates 219 28- Klebsiella spp. >90.0
14- Other >90.0
. . Automated . . 52-EC 99.0
4 -
13 Matthews (2016) 2013-2015 United Kingdom — Urinary isolates 75 13- KP 310
Semi-automated
. . 217- ESBL EC 93.2
8 -
14 Cho (2015) 2011-2015 Korea s.ystem Urinary isolates 277 60- ESBL KP 196
(Microscan)
. 11- EC
15 Rajenderan 2012 South India BMD Urinary isolates 925 207- Klebsiella spp. U1
(2014) 90.0
707- Other
2416- EC 83.0
16 Sahni (2013)* 2009-2012 South India DD Urinary isolates 3141 725- Enterococcus 99.0
spp.
. 165- ESBL EC 92.9
38
17 Lee (2012) 2009 Korea AD Not mentioned 347 182- ESBL KP 5.2
. . . . 134- ESBL EC 95.5
25 X
18 Liu (2011) 2008-2009 Taiwan DD, AD, BMD  Urinary isolates 200 66- ESBL KP 576

AD-Agar Dilution, BMD-Broth Micro Dilution, DD-Disc

Diffusion, EC-Escherichia coli, ESBL- Extended

Spectrum of Beta Lactamase Producing, GT-Gradient Test, KP-Klebsiella pneumoniae, KPC- Klebsiella pneumoniae
carbapenemase, NDM- New Delhi metallo-betalactamase, OXA-48-Oxacillinase-48

*VITEK 2 and/or BD Phoenix

The data that was collected from each of the reviewed 18
studies on fosfomycin susceptibility is shown in Table
1. Here, two studies involved isolates from Korea,® 3
two from India?®* and two from South India.’® 3" The
remaining 11 studies included articles from Italy,”
China,* Greece,” Taiwan,” United Kingdom,* Iran,*

Croatia,” Czech Republic,”, Bahrain,?® Sri Lanka,*
Japan,® and a combined study of several countries.?!
These 18 studies reported fosfomycin susceptibility
data, accounting for total of 14,306 bacterial isolates.
Most of these were E. coli isolates (n=9806) followed
by Klebsiella spp. isolates (n=1444). In each of these
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studies, fosfomycin susceptibility was tested mainly by
disc diffusion method?#2¢ 28 29-33.35.37 and agar dilution
method.”” 2% 35 3% 25 In figure 2, we have represented
cumulative yearly percentage susceptibilities of E. coli
isolates to fosfomycin. Here, 17 of 18 studies reported
more than 90% sensitivity to fosfomycin® % 23-26. 28-36
except one study.”” All the sensitivity percentages were
in between the range of 80% and 100%.

Fosfomycin resistance

The development of resistance to other antibiotics
during the therapeutic process, was the primary factor
which caused the re-consideration of fosfomycin
as a first line drug of choice for UTIs. CTX-M beta
lactamases producing E.coli are emerging worldwide,

which is the most predominent causative organism
for both nosocomial and community acquired UTIs.*
Fosfomycin resistance is observed in CTX-M producing
E. coli, due to the mutation in the chromosomal locus
like glpT and plasmid-mediated fosA3 and fosC2.
Another study also determined the plasmid-mediated
fosfomycin resistance in both ESBL-producing E. coli
and K. pneumoniae.®® Transfer of plasmid-mediated
genes may increase the worldwide emergence of
resistance to fosfomycin. Effective monitoring and
surveillance are important to stop further distribution of
fosfomycin resistance. As fosfomycin resistance rate is
also increasing, it should be used carefully under proper
medical advice.*

Table 2. Characteristics of studies describing fosfomycin resistance data

AN Fosfomycin Percentage Amino acid substitution/s
Sr. No First author (year) gr o Origin of isolates resistance resistance to or sequence variation/s or
p detection method fosfomycin resistance gene/s
EC 15.8
L Kansak (2021)* Urinary isolates DD, AD, NP -
Klebsiella 750
spp. ’
2 Carolina (2020)* EC Urinary isolates E-test 9.0 murA
3 Mowlabococcus (2020)* EC Urinary isolates DD, AD 0.19 fosA4
Urine, blood, stool, genial and
4 Mueller (2019)* EC anal swabs, expectorations, NP, AD, 1.38 fosA3, fosA4
abscesses
5 Nordmann (2019)* EC Different clinical samples NP 22.0 fosA3
6 Bi (2017)* IE(C Urinary isolates AD 6.7 fosA3
Isolates from urine, pus, murA. uhpT. uhpA. olpT
7 Ohkoshi (2017)* EC sputum, vaginal secretions, DD, AD 1.4 » WP, WIPA, £Ip L,
J o ptsl, cyaA
aspirations and stool
8 Bahramian (2018)* EC Urinary isolates NP, AD 6.6 fosA3, fosC2
9 Benzerara (2017)* EC Urine, blood, stool, joint fluid DD, E-test, AD 0.9 fosA3, fosA5
10 Li (2015)* EC Urine, sputum, blood, pus AD 7.8 fosA3, glpT, murA, uhpT
N EC 4.5 FosA3
11 Lee (2012) Not mentioned in the study AD
KP 424 -
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AD-Agar Dilution, BMD-Broth Micro Dilution, DD-
Disc Diffusion, EC-Escherichia coli, KP-Klebsiella
pneumoniae, NP-Rapid fosfomycin/ E. coli NP test.

The table 2 displays information on fosfomycin
resistance, with regards to the responsible genes or
amino acid substitutions or sequence variations. Out
of the 11 studies, two comprised of isolates from
Switzerland**** and two from China.’**” The remaining
seven studies comprised of isolates from Turkey,*
Brazil,! Australia,” Japan,** Iran,* France,* and
Korea.*® The most commonly isolated resistance gene
was fosA3 gene.’* 3% 47 Of the selected studies, only
two have analyzed the resistance genes of Klebsiela
spp.**4° and showed higher resistance rates compared to
E. coli, irrespective of the sample which the organism
was isolated.

The cumulative yearly percentages of fosfomycin
resistance among selected 11 studies are graphically
represented in Figure 2. Out of these 11 studies, nine
showed less than 10% resistance rates* 3% 3% 41-43.45-47
except two which showed 15.8%%* and 22%* resistant
rates. Among the selected 11 studies, none of the studies
have assessed fosfomycin resistance in 2017 and 2018.

(Susceptibility % * 82338 resistance %>* 3538 40-47)

-@ Susceptibility %
-4 Resistance %

100
95
90

Percentage
o
o

Figure 2: Summary on the percentage sensitivity and
resistance rates of fosfomycin to E. coli, from 2011 to 2021

DISCUSSION

A thorough assessment of alternative treatment options
is needed due to the increased incidence of antibiotic
resistant E. coli strains that cause UTIs. The importance
of this systematic review is to assesses the possibility
of using fosfomycin as an effective treatment for MDR,
ESBL-producing E. coli, focusing specifically on its
application in clinical contexts such as Sri Lanka where,

the antibiotic resistance to UTI causing organisms is
high and fosfomycin is not currently in use. Available
literature was analyzed in depth and showed that
fosfomycin exerts an excellent effectiveness against a
wide population of antibiotic resistant £. coli. When
assessing the potential use of fosfomycin, it is essential
to consider the antibiotic resistance rates in each
country, as its influenced by various epidemiological
factors and the treatment is challenging due to lack of
therapeutic antibiotic options. Thus, to maximize the use
of fosfomycin as a frontline treatment, it is imperative
to understand the local resistance trends.

Reported high susceptibility rates and low resistance
rates of fosfomycin in this review are encouraging and
demonstrate its effectiveness in treating UTIs caused
by antibiotic resistant bacteria. Fosfomycin showed
an increased susceptibility rate to E. coli isolates
originating from patients with both hospital-acquired
and community-acquired infections. Globally available
preliminary data validates fosfomycin as a valuable
option for the treatment of lower UTIs caused by ESBL-
producing E. coli.*® Oral fosfomycin is administered
as a single dose to treat uncomplicated UTIs. Recent
studies suggest fosfomycin as a therapeutic option for
complicated UTIs as well. However, it should be further
investigated pharmacodynamically and by clinical
trials.!s#

According to the findings of this review, among
the ESBL-producing Enterobacteriaceae isolates,
fosfomycin seems to be more effective to E. coli than
Klebsiella spp. Although, fosfomycin was mostly
tested against urinary Enterobacteriaceae isolates,
its activity does not seem to be affected by the origin
of the clinical isolate, as isolates from mixed sites
also showed higher susceptibility rates in comparison
with urinary isolates. However, there is an observable
change in sensitivity rates from one geographic location
to another. Although, the emergence of fosfomycin
resistant strains were reported, resistant rates following
treatment with fosfomycin are largely unknown.?’ %
In this review, we noted that the reported resistance
rates to fosfomycin were lower in comparison to
other antibiotics. A low level of cross-resistance was
observed in fosfomycin among ESBL producing
Enterobacteriaceae when compared to commonly
used antibiotics for the treatment of uropathogens. This
could be because, the resistance to fosfomycin is being
mediated by a chromosomal encoding mechanism but,
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co-transmission of fosfomycin resistance has also been
shown.’' As Fosfomycin is having a distinctive chemical
structure and mechanism of action, it has been spared
from various antibiotic resistance mechanisms.'”*?

Apart from ESBL-producing E. coli, fosfomycin
demonstrated a high sensitivity rate for other MDR
organisms as well. This finding is important for
the treatment of community-acquired and hospital-
acquired UTIs caused by MDR and ESBL- producing
E. coli®' The likelihood of fosfomycin to serve as a
therapeutic alternative has become more significant,
due to the limited availability of susceptible antibiotics
and increased emergence of MDR, ESBL-producing E.
coli. The global data reported in this review provides
an essential viewpoint for evaluating the effectiveness
of fosfomycin. However, local studies are required in
country level to determine its efficacy in clinical context.

This systematic review has few limitations. Particularly,
some potentially relevant research studies conducted
in countries where fosfomycin is widely used were
published in their native languages. Agar dilution
method is the gold standard for susceptibility testing
of fosfomycin and recommended to be done with the
addition of 25 mg/L, glucose-6-phosphate to the agar
medium.?! Glucose-6-phosphate is an enzyme found in
human cells which has the capability to enhance the in-
vitro susceptibility of fosfomycin for bacteria. This fact
was not explicitly mentioned in most of the research
studies that were included in this review.>* Although,
many studies have been conducted worldwide on the
effectiveness of fosfomycin, only one in-vitro study
has been conducted in the Sri Lankan clinical setting to
study the effectiveness of fosfomycin for MDR bacteria.

Since, the antibiotic resistance patterns reported in
other South-Asian countries showed a similarity to Sri
Lanka, the findings of this review can be applied to
minimize the burden of antibiotic resistance in the Sri
Lankan setting as well as, in other countries where, high
antibiotic resistance rates were reported and fosfomycin
is currently not in use.

CONCLUSION

MDR organisms and ESBL-producers are emerging
increasingly. Global results demonstrated the ability
of fosfomycin to combat the threat of antimicrobial
resistance in the context of UTI causing, MDR, ESBL-
producing E. coli. However, the global data conveyed
in this review highlighted the need of performing
comprehensive context specific local investigations
to determine the usefulness of fosfomycin in clinical
settings. In order to minimize the antibiotic resistance
threat, health care professionals should consider
necessary steps to implement the use of fosfomycin to
treat antibiotic resistant uropathogens, specifically E.
coli.
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