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ABSTRACT
Due to the increase in antimicrobial resistance, strategies
such as antimicrobial stewardship programs (ASP) have been
developed to improve the clinical results, decrease the adverse effects and the development of resistances and ensure
cost-effective therapies. Fosfomycin has a unique mechanism
of action against Gram-positive and Gram-negative bacteria.
Cross-resistance is uncommon; however, fosfomycin should
be used in combination in severe infections to avoid selecting
resistant mutations. Fosfomycin’s oral formulation facilitates
sequential treatment, has low toxicity and high tissue penetration, even in the central nervous system and bone. Fosfomycin is active against resistant Gram-positive bacteria such
as methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci and penicillin-resistant Streptococcus pneumoniae, as well as against resistant Gram-negative
bacteria such as extended-spectrum beta-lactamase-producing and carbapenemase-producing enterobacteria. Fosfomycin
is therefore useful for cases of persistent bacteremia, skin and
soft tissue infections, as a glycopeptide-sparing and carbapenem-sparing drug for healthcare-associated infections and for
polymicrobial infections. Published studies have demonstrated
the synergy between fosfomycin and beta-lactams, daptomycin and glycopeptides against MSSA and MRSA; with linezolid
in biofilm-associated infections and with aminoglycosides and
colistin against Gram-negative bacteria, providing a nephroprotective effect.
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The increase in infections caused by multidrug-resistant
(MDR) microorganisms is currently one of our greater medical challenges. In fact, antimicrobial resistance is considered by
the World Health Organization as one of the greater threats to
worldwide health. The problem is aggravated by the lack of a
parallel increase in new antibiotics, mainly of agents that offer
relevant advantages in treating MDR bacteria [1]. While new
compounds are being developed (a long and costly process), a
number of “old” antibiotics developed decades ago and whose
use was discontinued for various reasons are being repurposed
for new indications [2]. This situation has prompted the design
and implementation of various strategies to alleviate the problem. One of these strategies is the implementation of antimicrobial stewardship programs (ASP), whose objectives are to
improve clinical results, reduce adverse effects related to the
use of antibiotics (including resistance) and ensure a cost-effective therapy [3].
One of the lines of action in ASP is the selection of antibiotics that do not promote the emergence of MDR microorganisms. Cephalosporins, quinolones and carbapenems have
been associated with the selection of extended-spectrum beta-lactamase (ESBL)-producing enterobacteria, Clostridium
difficile and MDR Pseudomonas [3]. In addition, alternatives
need to be found to treat these increasingly resistant microorganisms.
Fosfomycin has a unique mechanism of action against
Gram-positive and Gram-negative bacteria, through peptidoglycan synthesis inhibition. This unique mechanism of action
implies that cross-resistance is very rare [4]. However, fosfomycin in monotherapy selects resistant mutations and therefore needs to be employed in combination with other agents
to treat severe infections. Fosfomycin offers the advantage of
its low toxicity and ease of oral administration in sequential
treatment (e.g., urinary tract infection), unlike other options
such as colistin and tigecycline. Just as other old antibiotics,
however, fosfomycin was not subject to a development program as strict as the current programs for authorization; thus,
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the necessary pharmaceutical information for developing optimal dosage regimens (maximizing the efficacy and minimizing
the toxicity) is limited [5]. Given fosfomycin’s potential, studies
need to be conducted to determine its efficacy in new contexts
and to define its optimal pharmacokinetics/pharmacodynamics index [6, 7].

FOSFOMYCIN IN ANTIMICROBIAL STEWARDSHIP
PROGRAMS FOR INFECTIONS BY GRAM-POSITIVE
MICROORGANISMS
Fosfomycin can be useful for treating infections caused by
drug-resistant Gram-positive bacteria because of fosfomycin’s
activity against methicillin-resistant S. aureus (MRSA), vancomycin-resistant enterococci and penicillin-resistant Streptococcus pneumoniae [8, 9]. Due to this spectrum of action,
fosfomycin is useful for cases of persistent bacteremia, such
as initial or sequential therapy of skin and soft tissue infections, as a glycopeptide-sparing drug for healthcare-related
infections and for polymicrobial infections by enterococci,
Gram-negative microorganisms and MRSA. Fosfomycin is also
a treatment option for nosocomial infections caused by vancomycin-resistant enterococci such as bacteremia, pneumonia
or intra-abdominal infections [6].
Its use in combination with other antibiotics reduces the
risk of developing fosfomycin resistance during therapy. Several synergy studies have shown that fosfomycin can decrease
the penicillin resistance level in pneumococci and methicillin
resistance in staphylococci, altering the expression of penicillin-binding proteins. Studies have also been published that
demonstrated the synergy in vitro between fosfomycin and
beta-lactams against methicillin-susceptible S. aureus (MSSA)
[10]. This combination can therefore be an option in cases of
persistent bacteremia [11, 12], although randomized studies are needed to demonstrate the effect of this combination
for treating bacteremia by MSSA. A number of experimental
studies have demonstrated the synergy between fosfomycin
and various antibiotics against MRSA strains. In experimental
models of endocarditis (in vitro and in vivo) that have evaluated the synergy of fosfomycin combined with various beta-lactams against MRSA and strains of S. aureus with intermediate glycopeptide susceptibility, the combination of
fosfomycin and imipenem was the most active. A multicenter
study assessed the clinical efficacy and safety of treatment
with fosfomycin and imipenem as salvage therapy for 16 patients with endocarditis or complicated bacteremia by MRSA.
The blood cultures became negative within the first 72 h after
the first dose, and the cure rate was 69%, with only 1 death
attributable to the infection; the combination was shown to be
safe in 94% of the patients [13]. Currently, there is an ongoing
randomized clinical trial by the same team comparing vancomycin versus the combination of imipenem and fosfomycin in
infectious endocarditis by MRSA with the minimum inhibitory
concentration (MIC) of vancomycin <2 mg/L [14]. The results
could demonstrate that this combination is effective and safe
in patients with complicated bacteremia by MRSA and can be

a therapeutic option that spares treatments with glycopeptides whose use has been associated with a poor response to
new drugs (such as daptomycin).
The synergy between fosfomycin and daptomycin has
been studied in vitro, and although the experience is limited,
there are several reports of cases of bacteremia by MRSA successfully treated with this combination [15, 16]. To assess the
safety and efficacy of this combination, an open, multicenter
randomized study is underway in Spain comparing this combination versus daptomycin in monotherapy in patients with
bacteremia by MRSA [17]. These combinations could therefore
be considered in cases of persistent bacteremia or those with
a higher risk of complication (e.g., advanced age, significant
comorbidity, bacteremia of unknown focus) [18]. For severe
infections caused by methicillin-resistant S. epidermidis, especially those with a large inoculum (such as endocarditis),
the use of antibiotics in monotherapy, including vancomycin
at suboptimal dosages, can promote the selection of resistant
mutations. The recommendation is therefore to use combinations. The use of vancomycin plus fosfomycin is the best option [19].
The oral formulation of fosfomycin is an added value in
treating community-acquired infections, such as skin and
soft tissue infections by MRSA. Fosfomycin is also useful for
improving sequential therapy in patients infected by resistant bacteria that would otherwise require maintaining intravenous administration, should other options be used. The reduction in hospital stay can be quite significant in some cases. The high concentrations in urine reached by fosfomycin
allow for its use in monotherapy against infections by vancomycin-resistant enterococcus in this location [9]. Fosfomycin is a low-molecular-weight molecule with low protein
binding, which favors its penetration into the interstitial fluid
of subcutaneous cell tissue in healthy patients, patients with
diabetes and critically ill patients. Due to its structural similarity to hydroxyapatite, fosfomycin penetrates the bone in
adequate concentrations for treating MRSA and other pathogens. Fosfomycin is therefore an alternative for treating diabetic foot infections and osteomyelitis [20], even as salvage
therapy in cases of clinical failure or the development of resistances [21]. The use of fosfomycin in combination has an
immunomodulatory and nephroprotective effect when employed with nephrotoxic drugs such as aminoglycosides and
vancomycin. Based on studies on animal models, this effect is
apparently due to the inhibition of histamine release that occurs after the destruction of mast cells [7, 22]. There are even
published cases of extended therapy with the combination
of vancomycin, aminoglycoside and fosfomycin with no renal
function impairment [23].
High dosages of antibiotics and extended durations are
necessary for the treatment of infections associated with biofilms. The combination of linezolid and fosfomycin has shown
synergy, which could help decrease the dosage of both drugs
and reduce the risk of adverse effects such as the thrombopenia and peripheral neuropathy associated with linezolid [24].
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FOSFOMYCIN IN ANTIMICROBIAL STEWARDSHIP
PROGRAMS FOR INFECTIONS BY GRAM-NEGATIVE
MICROORGANISMS
The main objectives of ASP for infections caused by
Gram-negative microorganisms is to prevent the emergence of
further resistance and to provide a more effective and efficient
use of the available antibiotics. The lack of effective antibiotics
in the face of increased resistance is especially important in
infections caused by Gram-negative microorganisms.
The increase in infections by MDR microorganisms requires the use of very broad-spectrum empiric antibiotics such
as carbapenems, often with no options for de-escalation. A
number of old antibiotics repurposed in new indications have
significant toxicities, which is not the case for fosfomycin. Let
us see fosfomycin’s potential role in this context.
1) Preventing the emergence of multidrug-resistant
microorganisms
Fosfomycin, unlike carbapenems, has not been overused,
so that its use can contribute towards decreasing the selective pressure of other broad-spectrum antibiotics, as it does
not promote the emergence of MDR microorganisms, and reserving potent antibiotics such as carbapenems for the occasion when other options are lacking. In addition, fosfomycin
does not appear to promote the selection of C. difficile [25].
In some cases, penicillin allergies motivate the selection of a
carbapenem for the treatment. An added value of fosfomycin
is the possibility of employing it instead of carbapenems as an
option for patients with penicillin allergies.
Most studies on fosfomycin efficacy have been conducted
on urinary tract infection, because despite fosfomycin’s suboptimal oral bioavailability (which is improved in the trometamol
formulation), it reaches high concentrations in urine. However,
fosfomycin presents good penetration in tissues such as the
central nervous system, lung, abscesses, bone and soft tissue,
as well as in urine. Although the intravenous formulation has
been available in Europe and Japan, it is not available in the
US, and therefore the publications that document its efficacy are case-series or case-reports [26]. A clinical trial (ZEUS)
is currently ongoing to assess the efficacy of intravenous fosfomycin versus piperacillin/tazobactam in complicated urinary
tract infection (Available at https://clinicaltrials.gov/ct2/show/
NCT02753946 ).
There is increasing evidence in favor of the safety and efficacy of intravenous fosfomycin for treating other systemic
infections, even in critically ill and immunocompromised patients [27-29].
2) Treating multidrug-resistant microorganisms
The scarcity of new drugs for treating MDR microorganisms is a public health problem, and it is imperative that we
find options. The use of old drugs such as fosfomycin can offer a short-term solution [7]. Fosfomycin is frequently active

against multidrug-resistant enterobacteria and even extremely
drug-resistant enterobacteria, with greater activity against E.
coli than against Klebsiella, Enterobacter and Pseudomonas.
To assess fosfomycin’s potential as a carbapenem-sparing
drug, a clinical trial [30] is currently underway that is attempting to remedy the lack of data regarding the development of
fosfomycin resistance during therapy and its impact on colonization by MDR Gram-negative bacilli. This study will compare the efficacy of intravenous fosfomycin versus meropenem for treating bacteremic urinary tract infection by ESBL E.
coli. There is also the option of oral sequential therapy with
fosfomycin trometamol (once the source has been controlled
and the bacteremia has been eliminated), providing a basis for
using fosfomycin as an alternative to meropenem for this type
of infection.
The data on fosfomycin’s clinical efficacy for treating
infections by carbapenemase-producing bacteria are limited
[28, 31]. Fosfomycin susceptibility varies by geographical region [32], although the fact that the MIC cutoff is not universally accepted contributes to the confusion. Fosfomycin resistance is still scarce in Europe but is remarkable in a number of
Asian countries [33]. It is interesting to note that up to 94% of
New Delhi metallo-beta-lactamase carbapenemase-producing
strains (for which the therapeutic arsenal is especially scarce)
are susceptible to fosfomycin [34, 35]. Fosfomycin has also
been shown to be effective against strains that produce mcr-1,
the plasmid that encodes the colistin resistance gene. Fosfomycin’s susceptibility is greater in E. coli than in Klebsiella [36].
To treat urinary tract infections by carbapenemase-producing
bacteria, oral fosfomycin trometamol has been employed at
high dosages (3 g/48 h x 3 d) [37].
Due to the risk of resistance appearing during treatment,
fosfomycin’s use in monotherapy is not generally recommended; however, fosfomycin’s synergy with antibiotics from other
families enables the administration of these antibiotics at lower and less toxic dosages (especially aminoglycosides, glycopeptides and polymyxin B) [5]. Furthermore, fosfomycin represents an alternative to nonnephrotoxic antibiotics, given that
fosfomycin also presents synergy with carbapenems (even in
some carbapenem-resistant strains). As has been stated earlier
for Gram-positive microorganisms, fosfomycin provides protection from the renal toxicity of aminoglycosides in animal
models [38]. In any case, when the use of fosfomycin in combination is planned, a synergy test should be performed, given
that cases of unpredictable antagonism have been reported
[39].
The emergence of fosfomycin resistance in Pseudomonas
aeruginosa is more common than in E. coli, even in combined
therapies, and, unlike E. coli, does not entail a reduction in
bacterial fitness [40]. A number of authors therefore do not
recommend using fosfomycin for infections by Pseudomonas
aeruginosa. However, the O12 serotype, which is usually associated with a resistant phenotype, is more susceptible than
others to fosfomycin. There are favorable clinical experiences
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in treating respiratory infections by MDR Pseudomonas, especially in patients with respiratory exacerbations of cystic fibrosis, in which fosfomycin’s efficacy in biofilms contributes [41],
as well as in ventilator-associated pneumonia, although there
are no randomized clinical trials on this issue [42].
In summary, fosfomycin is an antibiotic with potential for
use in ASP given its bactericidal activity, good tolerance, good
tissue penetration, absence of induction of MDR microorganisms and its activity against ESBL-producing and carbapenemase-producing enterobacteria. Fosfomycin even has activity
against some types with no other available effective antibiotics and can act synergistically with other antibiotics.

REFERENCES
1.

Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D, Rice LB,
et al. Bad bugs, no drugs: no ESKAPE! An update from the Infectious Diseases Society of America. Clin Infect Dis. 2009;48(1):1-12.
DOI: 10.1086/595011

2.

Theuretzbacher U, Paul M. Revival of old antibiotics: structuring the
re-development process to optimize usage. Clin Microbiol Infect.
2015;21(10):878-80. DOI: 10.1016/j.cmi.2015.06.019

3.

Rodriguez-Bano J, Pano-Pardo JR, Alvarez-Rocha L, Asensio A,
Calbo E, Cercenado E, et al. [Programs for optimizing the use of
antibiotics (PROA) in Spanish hospitals: GEIH-SEIMC, SEFH and
SEMPSPH consensus document]. Enferm Infecc Microbiol Clin.
2012;30(1):22 e1- e3. DOI: 10.1016/j.eimc.2011.09.018

4.

Popovic M, Steinort D, Pillai S, Joukhadar C. Fosfomycin: an old,
new friend? Eur J Clin Microbiol Infect Dis. 2010;29(2):127-42. DOI:
10.1007/s10096-009-0833-2

5.

Dijkmans AC, Zacarias NVO, Burggraaf J, Mouton JW, Wilms EB,
van Nieuwkoop C, et al. Fosfomycin: Pharmacological, Clinical and
Future Perspectives. Antibiotics (Basel). 2017;6(4). DOI: 10.3390/
antibiotics6040024

6.

Zayyad H, Eliakim-Raz N, Leibovici L, Paul M. Revival of old antibiotics: needs, the state of evidence and expectations. Int J Antimicrob
Agents. 2017;49(5):536-41. DOI: 10.1016/j.ijantimicag.2016.11.021

7.

Kaye KS, Gales AC, Dubourg G. Old antibiotics for multidrug-resistant pathogens: from in vitro activity to clinical outcomes. Int
J Antimicrob Agents. 2017;49(5):542-8. DOI: 10.1016/j.ijantimicag.2016.11.020

DOI: 10.1007/s00228-010-0794-5
11. Portier H, Tremeaux JC, Chavanet P, Gouyon JB, Duez JM, Kazmierczak A. Treatment of severe staphylococcal infections with cefotaxime and fosfomycin in combination. J Antimicrob Chemother.
1984;14 Suppl B:277-84.
12. Rieg S, Joost I, Weiss V, Peyerl-Hoffmann G, Schneider C, Hellmich
M, et al. Combination antimicrobial therapy in patients with Staphylococcus aureus bacteraemia-a post hoc analysis in 964 prospectively evaluated patients. Clin Microbiol Infect. 2017;23(6):406
e1- e8. DOI: 10.1016/j.cmi.2016.08.026
13. del Rio A, Gasch O, Moreno A, Pena C, Cuquet J, Soy D, et al. Efficacy
and safety of fosfomycin plus imipenem as rescue therapy for complicated bacteremia and endocarditis due to methicillin-resistant
Staphylococcus aureus: a multicenter clinical trial. Clin Infect Dis.
2014;59(8):1105-12. DOI: 10.1093/cid/ciu580
14. del Rio A, Garcia-de-la-Maria C, Entenza JM, Gasch O, Armero Y,
Soy D, et al. Fosfomycin plus beta-Lactams as Synergistic Bactericidal Combinations for Experimental Endocarditis Due to MethicillinResistant and Glycopeptide-Intermediate Staphylococcus aureus.
Antimicrob Agents Chemother. 2016;60(1):478-86. DOI: 10.1128/
AAC.02139-15
15. Miro JM, Entenza JM, Del Rio A, Velasco M, Castaneda X, Garcia
de la Maria C, et al. High-dose daptomycin plus fosfomycin is safe
and effective in treating methicillin-susceptible and methicillinresistant Staphylococcus aureus endocarditis. Antimicrob Agents
Chemother. 2012;56(8):4511-5. DOI: 10.1128/AAC.06449-11
16. Chen LY, Huang CH, Kuo SC, Hsiao CY, Lin ML, Wang FD, et al.
High-dose daptomycin and fosfomycin treatment of a patient
with endocarditis caused by daptomycin-nonsusceptible Staphylococcus aureus: case report. BMC Infect Dis. 2011;11:152. DOI:
10.1186/1471-2334-11-152
17. Shaw E, Miro JM, Puig-Asensio M, Pigrau C, Barcenilla F, Murillas
J, et al. Daptomycin plus fosfomycin versus daptomycin monotherapy in treating MRSA: protocol of a multicentre, randomised,
phase III trial. BMJ Open. 2015;5(3):e006723. DOI: 10.1136/bmjopen-2014-006723
18. Gudiol C, Cuervo G, Shaw E, Pujol M, Carratala J. Pharmacotherapeutic options for treating Staphylococcus aureus bacteremia. Expert Opin Pharmacother. 2017;18(18):1947-63. DOI:
10.1080/14656566.2017.1403585

8.

Michalopoulos AS, Livaditis IG, Gougoutas V. The revival of fosfomycin. Int J Infect Dis. 2011;15(11):e732-9. DOI: 10.1016/j.
ijid.2011.07.007

19. Liu LG, Zhu YL, Hu LF, Cheng J, Ye Y, Li JB. Comparative study of
the mutant prevention concentrations of vancomycin alone and in
combination with levofloxacin, rifampicin and fosfomycin against
methicillin-resistant Staphylococcus epidermidis. J Antibiot (Tokyo). 2013;66(12):709-12. DOI: 10.1038/ja.2013.87

9.

Falagas ME, Roussos N, Gkegkes ID, Rafailidis PI, Karageorgopoulos
DE. Fosfomycin for the treatment of infections caused by Gram-positive cocci with advanced antimicrobial drug resistance: a review
of microbiological, animal and clinical studies. Expert Opin Investig
Drugs. 2009;18(7):921-44. DOI: 10.1517/13543780902967624

20. Schintler MV, Traunmuller F, Metzler J, Kreuzwirt G, Spendel S,
Mauric O, et al. High fosfomycin concentrations in bone and peripheral soft tissue in diabetic patients presenting with bacterial
foot infection. J Antimicrob Chemother. 2009;64(3):574-8. DOI:
10.1093/jac/dkp230

10. Kastoris AC, Rafailidis PI, Vouloumanou EK, Gkegkes ID, Falagas ME.
Synergy of fosfomycin with other antibiotics for Gram-positive and
Gram-negative bacteria. Eur J Clin Pharmacol. 2010;66(4):359-68.

21. Lee WS, Chen YC, Chen HP, Chen TH, Cheng CY. Vertebral osteomyelitis caused by vancomycin-tolerant methicillin-resistant
Staphylococcus aureus bacteremia: Experience with teicoplanin

Rev Esp Quimioter 2019;32 (Suppl. 1): 62-66

65

E. Múñez Rubio, et al.

Fosfomycin in antimicrobial stewardship programs

plus fosfomycin combination therapy. J Microbiol Immunol Infect.
2016;49(4):600-3. DOI: 10.1016/j.jmii.2013.09.002
22. Yanagida C, Ito K, Komiya I, Horie T. Protective effect of fosfomycin
on gentamicin-induced lipid peroxidation of rat renal tissue. Chem
Biol Interact. 2004;148(3):139-47. DOI: 10.1016/j.cbi.2004.05.005
23. Vergara-Lopez S, Dominguez MC, Conejo MC, Pascual A, RodriguezBano J. Prolonged treatment with large doses of fosfomycin plus
vancomycin and amikacin in a case of bacteraemia due to methicillin-resistant Staphylococcus epidermidis and IMP-8 metallo-betalactamase-producing Klebsiella oxytoca. J Antimicrob Chemother.
2015;70(1):313-5. DOI: 10.1093/jac/dku341
24. Chai D, Liu X, Wang R, Bai Y, Cai Y. Efficacy of Linezolid and
Fosfomycin in Catheter-Related Biofilm Infection Caused by
Methicillin-Resistant Staphylococcus aureus. Biomed Res Int.
2016;2016:6413982. DOI: 10.1155/2016/6413982
25. Knothe H, Schafer V, Sammann A, Shah PM. Influence of fosfomycin on the intestinal and pharyngeal flora of man. Infection.
1991;19(1):18-20.
26. Iarikov D, Wassel R, Farley J, Nambiar S. Adverse Events Associated with Fosfomycin Use: Review of the Literature and Analyses of
the FDA Adverse Event Reporting System Database. Infect Dis Ther.
2015;4(4):433-58. DOI: 10.1007/s40121-015-0092-8
27. Shorr AF, Pogue JM, Mohr JF. Intravenous fosfomycin for
the treatment of hospitalized patients with serious infections. Expert Rev Anti Infect Ther. 2017;15(10):935-45. DOI:
10.1080/14787210.2017.1379897
28. Pontikis K, Karaiskos I, Bastani S, Dimopoulos G, Kalogirou M, Katsiari M, et al. Outcomes of critically ill intensive care unit patients
treated with fosfomycin for infections due to pandrug-resistant
and extensively drug-resistant carbapenemase-producing Gramnegative bacteria. Int J Antimicrob Agents. 2014;43(1):52-9. DOI:
10.1016/j.ijantimicag.2013.09.010
29. Loethen AA, Kerstenetzky L, Descourouez JL, Leverson GE, Smith
JA, Jorgenson MR. Fosfomycin for the Treatment of Cystitis in the
Abdominal Solid Organ Transplant Population. Pharmacotherapy.
2017;37(5):599-606. DOI: 10.1002/phar.1924
30. Rosso-Fernandez C, Sojo-Dorado J, Barriga A, Lavin-Alconero L, Palacios Z, Lopez-Hernandez I, et al. Fosfomycin versus meropenem in
bacteraemic urinary tract infections caused by extended-spectrum
beta-lactamase-producing Escherichia coli (FOREST): study protocol for an investigator-driven randomised controlled trial. BMJ
Open. 2015;5(3):e007363. DOI: 10.1136/bmjopen-2014-007363
31. Michalopoulos A, Virtzili S, Rafailidis P, Chalevelakis G, Damala M,
Falagas ME. Intravenous fosfomycin for the treatment of nosocomial infections caused by carbapenem-resistant Klebsiella pneumoniae in critically ill patients: a prospective evaluation. Clin Microbiol
Infect. 2010;16(2):184-6. DOI: 10.1111/j.1469-0691.2009.02921.x

avibactam - epidemiology, laboratory detection and treatment
implications. Expert Rev Anti Infect Ther. 2018;16(4):289-306. DOI:
10.1080/14787210.2018.1453807
34. Perry JD, Naqvi SH, Mirza IA, Alizai SA, Hussain A, Ghirardi S, et
al. Prevalence of faecal carriage of Enterobacteriaceae with
NDM-1 carbapenemase at military hospitals in Pakistan, and
evaluation of two chromogenic media. J Antimicrob Chemother.
2011;66(10):2288-94. DOI: 10.1093/jac/dkr299
35. Albur MS, Noel A, Bowker K, MacGowan A. The combination of
colistin and fosfomycin is synergistic against NDM-1-producing
Enterobacteriaceae in in vitro pharmacokinetic/pharmacodynamic
model experiments. Int J Antimicrob Agents. 2015;46(5):560-7.
DOI: 10.1016/j.ijantimicag.2015.07.019
36. Sahu M, Saseedharan S, Bhalekar P. In vitro fosfomycin susceptibility against carbapenem-resistant or extended-spectrum betalactamase-producing gram-negative fosfomycin-naive uropathogens: An alluring option or an illusion. Indian J Med Microbiol.
2017;35(3):437-8. DOI: 10.4103/ijmm.IJMM_16_126
37. Nagel JL, Washer L, Kunapuli A, Heidmann J, Pisani J, Gandhi T.
Clinical Efficacy of Fosfomycin for the Treatment of Complicated
Lower Tract and Uncomplicated Urinary Tract Infections. International Archives of Medicine. 2015;8. DOI: 10.3823/1750
38. Bendirdjian JP, Morin JP, Foucher B, Fillastre JP. [The effect of fosfomycin on the respiration of rat kidney motochondria]. Minerva
Med. 1978;69(59):4079-86.
39. Falagas ME, Giannopoulou KP, Kokolakis GN, Rafailidis PI. Fosfomycin: use beyond urinary tract and gastrointestinal infections.
Clin Infect Dis. 2008;46(7):1069-77. DOI: 10.1086/527442
40. Pan AJ, Mei Q, Ye Y, Li HR, Liu B, Li JB. Validation of the mutant
selection window hypothesis with fosfomycin against Escherichia
coli and Pseudomonas aeruginosa: an in vitro and in vivo comparative study. J Antibiot (Tokyo). 2017;70(2):166-73. DOI: 10.1038/
ja.2016.124
41. Falagas ME, Kastoris AC, Karageorgopoulos DE, Rafailidis PI. Fosfomycin for the treatment of infections caused by multidrug-resistant non-fermenting Gram-negative bacilli: a systematic review
of microbiological, animal and clinical studies. Int J Antimicrob
Agents. 2009;34(2):111-20. DOI: 10.1016/j.ijantimicag.2009.03.009
42. Kidd JM, Kuti JL, Nicolau DP. Novel pharmacotherapy for
the treatment of hospital-acquired and ventilator-associated pneumonia caused by resistant gram-negative bacteria. Expert Opin Pharmacother. 2018;19(4):397-408. DOI:
10.1080/14656566.2018.1438408

32. Thaden JT, Pogue JM, Kaye KS. Role of newer and re-emerging older agents in the treatment of infections caused by carbapenemresistant Enterobacteriaceae. Virulence. 2017;8(4):403-16. DOI:
10.1080/21505594.2016.1207834
33. Sherry N, Howden B. Emerging Gram negative resistance to lastline antimicrobial agents fosfomycin, colistin and ceftazidimeRev Esp Quimioter 2019;32 (Suppl. 1): 62-66

66

