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Abstract

Background: The members of Enterobacteriaceae are considered significant agents in human infections. The emergence of drug
resistance is important for physicians. The aims of this study were investigating of fosfomycin resistance and the distribution rate of
resistance genes among Enterobacteriaceae in Tabriz Hospitals. Materials and Methods: To determine the susceptibility patterns in
250 isolates, the disk diffusion method was performed. The minimum inhibitory concentration (MIC) of fosfomycin was determined by
the agar dilution. The distribution rate of fosfomycin resistance genes (fosA, fosA3, fosB, fosB2, fosC, fosC2, and fosX) was done by the
PCR. Results: The resistance rate to fosfomycin was in a value of 15 (6%) and 24 (9.6%) isolates by the disk diffusion and MIC
methods, respectively. The MICso and MICgo were 8 pg/mL and 16 pg/mL, respectively. The frequency of fosfomycin resistance genes
was 1.6%, 1.6%, 1.6% and 0.8% for fosA, fosC, fosX and fosA3. The fosB, fosB2, and fosC2 was not detected. Conclusion: Fosfomycin
is a dramatically useful antibiotic against Enterobacteriaceae-caused infections. A trivial resistance rate is observed to fosfomycin in
some isolates, and all detected resistance-genes are plasmid mediate agents. Resistance to other therapeutic options is much more than
fosfomycin, which is an alarming point.
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Introduction

Enterobacteriaceae as a diverse bacterial family cause a various number of infections particularly urinary tract infection (UTI),
septicemia and gastroenteritis in human (Sheykhsaran, Bannazadeh Baghi et al. 2018). Some members of this family are always
pathogen and others serve as opportunistic infections (Ghotaslou, Yeganeh Sefidan et al. 2017). The increased resistance rate to
antimicrobial agents has led to a reduction in the reliable and effective use of them in the treatment of Enterobacteriaceae infections
(Falagas, Maraki et al. 2010). During the past few years, the introduction of new antibiotics to clinical purposes has been facing
restrictions, some old drugs have also come out of the clinical routine. However, fosfomycin remains an effective antibiotic against the
infections caused by Enterobacteriaceae (Livermore, Warner et al. 2011). Fosfomycin was firstly discovered in Spain in 1969, it is an
acid fosfonic derivative compound with low molecular weight. It has not shown nearly any combination of proteins, also is not
chemically related to other antibacterial factors and is unique in this respect (Beuk, Hill et al. 2013). Fosfomycin as a bactericide drug
interferes in the synthesis of peptidoglycan. It occurs through the inhibition of UDP-N-acetylglucosamine enolpyruvyl transferase
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(Falagas, Giannopoulou et al. 2008). For a number of decades, it has a unique mechanism to deal with resistant microorganisms (Lee,
Park et al. 2012). It has a dramatic effect against on the Gram-negative/positive bacteria (Suarez and Mendoza 1991). Three forms of
fosfomycin are included fosfomycin tromethamine as a soluble salt, fosfomycin calcium for oral use (UTI treatment), and fosfomycin
disodium for intravenous use (Michalopoulos, Livaditis et al. 2011). Earlier study expressed a significant susceptibility to fosfomycin in
MDR (Multi Drug-Resistant) and XDR (Extensively Drug-Resistant) Enterobacteriaceae (Falagas, Maraki et al. 2010). Recently, some
studies reported fosfomycin-resistant E. coli isolates (Oteo, Bautista et al. 2010). Overall resistance to fosfomycin has been induced by
chromosomal and plasmid agents including fos determinants (Cottell and Webber 2017). In the current research, the resistance rate of
Enterobacteriaceae to fosfomycin and the distribution rate of seven fos genes were investigated.

Materials and Methods

Bacterial isolates

Two-hundred and fifty Enterobacteriaceae isolates belong to various clinical specimens were collected from Emam Reza, Children, and
Asad Abadi Hospitals. The identification of Enterobacteriaceae was conducted through the common differential biochemical tests
(Hansen, Aucken et al. 2004). The isolates were stored in TSB (Tryptic soy broth) medium including glycerol and preserved in -70°C
(Rohman, ljong et al. 2013). This study was approved by the Ethics Committee of Tabriz University of Medical Sciences
(Ir.Tbzmed.Rec.1397.579).

The susceptibility testing

The susceptibility testing was conducted through the disk diffusion agar method according to the Clinical and Laboratory Standards
Institute (CLSI) guidelines (CLSI 2012). The antimicrobial disks were including fosfomycin, imipenem, trimethoprim/sulfamethoxazole,
amikacin, gentamicin, ciprofloxacin, ceftazidime, and cefotaxime (Mast, UK). The quality control strain was E. coli ATCC (American
type culture collection) 25922.

MIC Determination

The MIC (minimum inhibitory concentration) of fosfomycin in Enterobacteriaceae isolates was determined by the agar dilution method.
The interpretation of results was done according to the CLSI guidelines (CLSI 2012). The quality control strain was E. coli ATCC
25922.

The PCR

The DNA extraction of fosfomycin-resistant isolates was done by the boiling method (Peng, Yu et al. 2013). To detect fosfomycin
resistance genes (fosA, fosA3, fosB, fosB2, fosC, fosC2, and fosX), the PCR was used as previously described (Bi, Li et al. 2017). Finally,
PCR amplicons were investigated via electrophoresis on a 1% agarose gel and detected bands were visualized under UV light
(LaMontagne, Michel Jr et al. 2002).

Statistical analysis
The obtained data were analyzed by descriptive analytic assays in SPSS software (Washington, the USA), version 22.
Results

In the current study, 250 nonduplicate Enterobacteriaceae isolates was collected from 91 males (36.4%) and 159 females (63.6%) with
the mean age of 42+34 years. The isolates were collected from internal wards (29.2%) followed by outpatients, emergency, surgery, ICU
(Intensive Care Unit), neurology, urology, respiratory, infectious, transplantation, trauma, ENT (Ear, Nose and Throat), NICU
(Neonatal Intensive Care Unit), oncology and rheumatology wards in a value of 29.2%, 20.8%, 12%, 5.6%, 3.6%, 3.2%, 2.8%, 2.8%,
2.4%, 0.8%, 0.8%, 0.8%, 0.8% and 0.4%, respectively. Differential tests revealed that 169 (68%) of isolates were Escherichia coli,
followed by 64 (26%) Klebsiella pneumoniae, 5 (2%) Enterobacter cloacae, 4 (1.6%) Enterobacter aglomerance, 2 (0.8%) Klebsiella
oxytoca, 2 (0.8%) Proteus vulgaris, 2 (0.8%) Morganella morganii, and 2 (0.8%) Proteus mirabilis. According to the disk agar diffusion
results, the most resistant rate was observed to cotrimoxazole followed by cefotaxime, ciprofloxacin, gentamicin, ceftazidime, imipenem,
amikacin, and fosfomycin (Figure-1).
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Figure 1. Antimicrobial susceptibility patterns of Enterobacteriaceae isolates.
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Resistance to fosfomycin in E. coli isolates was 2.95% followed by 10.92% in K. pneumonia, 20% in E. cloacea and 100% in M.
morganii isolates The rate of resistance to fosfomycin was 9.8% by the MIC method, and the MICso and MICoo were 8 pg/mL and 16
pag/mL, respectively. Also, the MIC range was 1-256 pg/mL. The distribution rate of fos tested genes in fosfomycin-resistant isolates
were as follow, fosA 4 (1.6%), fosC 4 (1.6%), fosX 4 (1.6%) and fosA3 2 (0.8%). However, there was no trace of fosB, fosB2 and fosC2

genes in the resistant isolates (Table-1 and Figure-2)

Table 1. The distribution rate of fos tested genes in fosfomycin-resistant isolates

Bacteria/n fosA fosA3 fosC fosX

n (%) n (%) n (%) n (%)

E. coli/ 169 1(0.59) 2(1.18) 3(.77) 2(1.18)

K. pneumoniae/ 64 2(3.12) 0(0) 1(1.56) 2(3.12)
E. cloacea/ 5 1 (20) 0(0) 0(0) 0(0)
M. morganii/ 2 0(0) 0(0) 0(0) 0(0)
L13 112 L11 L10 L9 L8 M L1 L2 L3 L4 L5 L6

Figure 2. The gel electrophoresis patterns of fosfomycin resistance genes in 1% agarose gel. Lane M, DNA size marker (50 bp); fosA
gene (271 bp), L1: positive isolate, L3: positive control, L5: negative control and L6: negative isolate; fosX gene (131 bp), L2: positive
isolate, L4: positive control, L5: negative control and L6: negative isolate; fosC gene (112 bp), L9: positive isolate, L11: positive control,
L8: negative control, L10 and L13: negative isolates; fosA3 gene in (282 bp), L10: positive isolate, L12: positive control, L8: negative

control, L9, L11 and L13: negative isolates
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Discussion

Enterobacteriaceae as significant causative agents contribute to a number of important clinical infections. The emergence of antibiotic
resistance has restricted the prescribing of some available options (Paterson 2006). In the current study, the high resistance rate is
observed to trimethoprim/sulfamethoxazole followed by cefotaxime. The rate of resistance to tested antibiotics such as aminoglycosides
and beta-lactams in the treatment of infections due to Enterobacteriaceae has reported in earlier studies from the different regions
(Akram, Shahid et al. 2007; Sadeghi, Ghotaslou et al. 2016). The most significant finding in most of the researches suggests increasing
the resistance rate. In the current research, the significant observed resistance to most antibiotics in particular
trimethoprim/sulfamethoxazole can be considered as a big medical concern.

The previous studies indicated that fosfomycin has a broad spectrum antibiotic to be prescribed against the Gram-negative and Gram-
positive bacteria (Aghamali, Sedighi et al. 2018). It is an established antibiotic in the treatment of UTI infections and has a high
distribution in the various organs (Roussos, Karageorgopoulos et al. 2009). In the current research, the resistance rate to fosfomycin was
15 (6%). Matthew et al in Greece indicated that approximately 91.8% of MDR Enterobacteriaceae isolates were sensitive to fosfomycin
(Falagas, Maraki et al. 2010). Also, fosfomycin was an effective antibiotic against the E. coli and K. pneumoniae isolates in a value of
92.9% and 95.2%, respectively, according to So-Young Leel and colleagues investigation in South Korea (Lee, Park et al. 2012). These
findings are similar to more investigations from different countries (Beuk, Hill et al. 2013, Seroy, Grim et al. 2016, Keepers, Gomez et
al. 2017). In our research, the most fosfomycin-resistant isolates have belonged to E. cloacea, M. morganii, K. pneumoniae, and E. coli.
In 2013 in Iran, the resistance rate to fosfomycin in K. pneumoniae isolates was reported at 3.6% (Taherpour and Hashemi 2013). The
other notable case in the present investigation is overwhelming resistance to fosfomycin in the M. morganii isolates, although the number
of isolates is low, these two isolates have shown resistance to this antibiotic.

The fosfomycin resistance patterns also were conducted through the MIC method in China, which had a resistance rate in a value of
10.2%, the fosA3 gene was detected in 9% of isolates, while, fosC2 and fosA genes were found in none of the isolates (Hou, Huang et al.
2012). The fosA3 gene had found in a third of resistant E. coli isolates in Hong Kong (Ho, Chan et al. 2013). The fosA3 is a plasmid-
mediate gene (Hou, Huang et al. 2012), which is frequent in China but rare in European countries based on sequencing data (Villa,
Guerra et al. 2015). The resistance rate to fosfomycin has been detected 9.6% by the MIC method, which is consistent with mentioned
studies, except that, the fosA3 gene had the lowest distribution rate in our resistant isolates. Also, the obtained results of resistance to
fosfomycin in both the disk diffusion and agar dilution methods in the current research are in accordance, only the very slight and
neglectable difference was observed between them. The dominant founded genes in the present study were fosA, fosC, and fosX with
equal proportions. None of resistant M. morganii isolates displayed any 4 detected genes in the current study, however, in the E. cloacea
isolates only fosA gene was traced. These 4 genes were present in the resistant-E. coli isolates. K. pneumonia isolates were included 3
genes except for the fosA3 gene.

The most notable point is the effectiveness of fosfomycin in treating infections in most of the cases. The percentage of resistance differs
slightly in the world, fortunately, has not grown. The trivial difference in the obtained statistics can be explained according to the
patterns of prescribed-antibiotics in the various regions. On the other hand, low prevalence resistance rate to fosfomycin, the
identification of fosX gene is in the utmost of importance in the current study because of the scarcity of this gene in previous
investigations.

As might be expected, the high level of resistant isolates was observed in blood or urine sources, because of abundantly
Enterobacteriaceae members in mentioned sources. Nowadays it is recommended to combine the fosfomycin with trometamol, an oral
formula in the treatment of UTI, especially in women with severe UTI (Raz 2012). According to the previous investigation, fosfomycin
is a dramatically effective antibiotic against the UTI caused by uropathogenic Enterobacteriaceae (Yeganeh-Sefidan, Ghotaslou et al.
2016). Due to the dispersion of Enterobacteriaceae isolates in different places and food supplies and fosfomycin usage in veterinary,
bacteria are readily transferred to new places (Hou, Huang et al. 2012).

Although fosfomycin has dramatically antibacterial activity, the trivial identified resistance cases is an alarm because of the determinant
locations on mobile genetic elements like the plasmids. Due to a high probability to spread of resistance agents, prevention of these
interactions is utmost of importance. One of the most important options would be combination therapy. This study surveys the resistance
rate to fosfomycin comprehensively in Northwest of Iran. Since the rigorous researches have not been done in Iran, firstly, the results
obtained from our investigation can be a proper pattern to physicians in order to optimal prescription. Secondly, it is suggested to use by
other advanced molecular techniques to reach exact statistics in emerging resistance genes in future studies.
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Conclusion

It is concluded that fosfomycin is an effective antibiotic against infections caused by Enterobacteriaceae. A trivial resistance rate is
observed to fosfomycin in a number of isolates, all detected resistance-determinants are plasmid mediate. Resistance to other therapeutic
options is much more than fosfomycin, which is an alarming point.
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