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Abstract

The study aimed to investigate the fosfomycin resistance in Enterobac-
terales isolates and the presence of plasmid-mediated fosfomycin resistance
genes fosA3 and fosC2 in fosfomycin-resistant Enterobacterales isolates. A to-
tal of 2095 Enterobacterales isolates obtained from urine samples were included
in the study. Identification of isolates was performed in the Vitek MS. The an-
timicrobial susceptibility of the isolates and detection of ESBL was determined
using the Vitek 2 Compact. In 185 fosfomycin-resistant isolates, fosA3 and
fosC2 genes were investigated by PCR. In addition, carbapenemase genes were
investigated in carbapenem-resistant isolates. In 2095 Enterobacterales, 65.8%
of the isolates were E. coli, and fosfomycin resistance was determined as 22%.
ESBL production was defined as 36.5%, 58.1%, and 32.5% in all isolates, K.
pneumoniae, and E. coli isolates, respectively. K. pneumoniae (56.2%) were
the most frequently isolated bacteria among 185 fosfomycin-resistant Enter-
obacterales isolates. In these isolates, 66.95% were ESBL-producing Enterobac-
terales, and 35.7% were carbapenem-resistant isolates. According to the PCR
results, two of the 185 FEnterobacterales isolates were positive for the fosA3
gene, fosC2 gene was not detected. According to PCR for carbapenemase
genes results with these isolates, blagxa 48 positivity was 66.7%, and blanpm
positivity was 3%. blaxpc and blayyy positivity could not be detected. In
our study, the prevalence of fosA3 was 1.1%. The occurrence of fosA3 gene
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positivity in Enterobacterales isolates is important for the future treatment of
UTIs.
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Introduction. Urinary tract infections (UTIs) are among the most common
infections worldwide. Due to their recurring nature, these infections are a critical
morbidity and mortality factor, especially for hospitalized patients [1|. Enter-
obacterales isolates are among the most common causes of uncomplicated and
complicated UTIs. Increased antimicrobial resistance is a worldwide concern in
these isolates, particularly associated with broad-spectrum [-lactamase (ESBL)
and carbapenemase production. The agents to treat resistant Enterobacterales iso-
lates are limited, so old antibiotics such as fosfomycin have gained importance [2].

In 1969, fosfomycin was discovered in Spain and isolated from Streptomyces
species. Fosfomycin is an alternative antibiotic preferred for treating UTIs because
it offers the advantage of a single dose, low side effects, and a low resistance rate to
Enterobacterales isolates [3]. It binds to the 115th cysteine residue of the MurA
enzyme, prevents the formation of uridine diphosphate—N-acetylmuramic acid,
and inhibits the synthesis of a peptidoglycan layer. Fosfomycin resistance mech-
anisms are either chromosomal or plasmid-mediated [4]. Chromosomal-mediated
fosfomycin resistance is caused by modification of the MurA or mutations in the
transporter systems. On the other hand, plasmid-mediated fosfomycin resistance
occurs with fosfomycin-modifying enzymes (fos genes). fos genes catalyze the
opening of the fosfomycin epoxide ring, and the drug is inactivated. fosA sub-
types and fosC2 are the most common causes of plasmid-mediated fosfomycin
resistance in Enterobacterales isolates [5].

In our study, we investigated fosfomycin resistance rates and plasmid-medi-
ated fosfomycin resistance genes fosA3 and fosC2 in the Enterobacterales isolates.
In addition, ESBL production and presence of carbapenem resistance were evalu-
ated in these isolates.

Materials and methods. Bacterial identification and susceptibil-
ity testing. A total of 2095 Enterobacterales isolates obtained from the mid-
stream urine samples of hospitalized patients with bacterial growth greater than
10° CFU/ml were included in the study. Isolates were consecutively collected in
Ondokuz Mayis University Medical Faculty Hospital. Only one isolate per patient
was included in the study.

Vitek MS automated system (bioMérieux, France) was used for bacterial iden-
tification. The antimicrobial susceptibility of the isolates and detection of ESBL
was determined using the Vitek 2 Compact system (bioMérieux, France). Fos-
fomycin susceptibility was re-studied by disk diffusion method in 185 Enterobac-
terales isolates randomly selected from fosfomycin-resistant isolates.

We investigated the fosfomycin resistance genes fosA3 and fosC2 in these 185
fosfomycin-resistant isolates. In addition, the presence of carbapenem resistance
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genes blaoxa—4s, blanpm, blaxpc, and blayy were investigated in these isolates.
DNA extraction of isolates was performed by boiling method. The obtained DNAs
were stored at —20 °C until used as template DNA for PCR.

Detection of fosfomycin and carbapenem resistance genes. fosA3
and fosC2 genes were investigated by PCR in 185 randomly selected fosfomycin-
resistant Enterobacterales. As described previously, fosfomycin resistance genes
were amplified with the specific primers. The primers used were determined after
a literature review (6, 7).

Isolates resistant to at least one of ertapenem, imipenem, and meropenem
were considered carbapenem-resistant. For carbapenem-resistant isolates,
blaoxa_4s8, blanpm, blakpc, and blay ys were amplified with specific primers as
previously described [8].

Statistical analysis. Statistical analyses were performed using IBM-SPSS-
Statistics V22.0. The differences between bacterial species and fosfomycin resis-
tance, bacterial species and ESBL positivity, and fosfomycin resistance and ESBL
positivity were analyzed using the Chi-square test. p < 0.05 was considered sta-
tistically significant for all analyses.

Ethical aspect. Ethical approval was obtained from the Clinical Research
Ethics Committee of Ondokuz Mayis University (OMU-KAEK: 2016/333, Date:
27/10/2016).

Results. Of the 2095 isolates included in the study, 65.8% were E. coli, and
20.5% were K. pneumoniae. The distribution of all isolates is shown in Table 1.

Table 1

Distribution of Enterobacterales isolated according to species

Fosfomycin ESBL

Species n% Susceptible | Resistant Negative Positive

n% n% n% n%
Escherichia coli 1380 (65.8) | 1306 (94.6) | 74 (5.4) | 931 (67.5) | 449 (32.5)
Klebsiella pneumoniae | 430 (20.5) | 201 (46.75) | 229 (53.25) | 180 (41.9) | 250 (58.1)
Proteus mirabilis 78 (3.7) 1 (65.4) 27 (34.6) 57 (73.1) 21 (26.9)
Enterobacter cloacae 56 (2.7) 4 (25) 2 (75) 49 (87.5) 7 (12.5)
Morganella morganii 50 (2.4) - 0 (100) 45 (90) 5 (10)
Klebsiella aerogenes 40 (1.9) 26 (65) 4 (35) 7 (42.5) 23 (57.5)
Klebsiella ozytoca 27 (1.3) 18 (66.7) (33 3) 8 (66.7) 9 (33.3)
Providencia rettgeri 10 (0.5) - 0 (100) 9 (90) 1 (10)
Citrobacter spp. 16 (0.8) 4 (87.5) (12 5) 10 (62.5) 6 (37.5)
Serratia marcescens 5 (0.2) 2 (40) 3 (60) 3 (60) 2 (40)
Proteus vulgaris 2 (0.1) 2 (100) - 1 (50) 1 (50)
Hafnia alvei 1 (0.05) - 1(100) 1 (100) -
Total 2095 (100) | 1634 (78) 461 (22) | 1321 (63.05) | 774 (36.5)
p < 0.05
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Table

2

The association between fosfomycin resistance and ESBL production

Fosfomycin
Susceptible, n% | Resistant, n% Total, n%
ESBL Negative 1049 (79.4) 272 (20.6) 1321 (100)
ESBL Positive 585 (75.6) 189 (24.4) 774 (100)
Total 1634 (78) 461 (22) 2095 (100)

p < 0.05

The rate of ESBL-producing Enterobacterales isolates was determined as 36.5% in
our study. ESBL production was determined as 58.1% in K. pneumoniae, 57.5%
in Klebsiella aerogenes, and 32.5% in E. coli. ESBL production was higher in K.
pneumoniae isolates compared to E. coli isolates. This result was statistically sig-
nificant (p < 0.05). Fosfomycin resistance in all isolates was 22% (461/2095). Fos-
fomycin resistance in Morganella morganii, Providencia rettgeri, K. pneumoniae,
and E. coli isolates was 100%, 100%, 53.25%, and 5.4%, respectively (Table 1).
The association between fosfomycin resistance and ESBL production is shown in
Table 2. ESBL-positive isolates had higher fosfomycin resistance compared to
ESBL-negative isolates. This result was statistically significant (p < 0.05).

Of the 461 fosfomycin-resistant isolates, 49.7% were K. pneumoniae, and
16.05% were E. coli. Fosfomycin resistance genes were investigated in 185 ran-
domly selected isolates from these isolates. Of these 185 isolates, 66.95% were
ESBL-producing Enterobacterales. ESBL production in K. pneumoniae and FE.

Table 3

Distribution of 185 fosfomycin-resistant Enterobacterales isolated according to species

ESBL Carbapenem

Species n% Negative Positive Resistance”

n% n% n%
Klebsiella pneumoniae 104 (56.2) 21 (20.2) 83 (79.8) 58 (55.7)
Escherichia coli 22 (11.9) 7 (31.8) 15 (68.2) 2 (9.1)
Enterobacter cloacae 22 (11.9) 12 (54.5) 10 (45.5) 2 (9.1)
Morganella morganii 16 (8.6) 10 (62.5) 6 (37.5) -
Klebsiella aerogenes 6 (3.2) 3 (50) 3 (50) -
Providencia rettgeri 6 (3.2) 2 (33.3) 4 (66.7) 3 (50)
Proteus mirabilis 5 (2.7) 5 (100) - -
Klebsiella oxytoca 4 (2.2) 3 (75) 1(25) 1(25)
Total 185 (100) | 63 (34.05) | 122 (66.95) 66 (35.7)

*Isolates resistant to at least one of ertapenem, imipenem, and meropenem were
considered carbapenem resistant p<0.05.
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coli was determined as 79.8% and 68.2%, respectively. According to the antibi-
otic susceptibility test results, 35.7% (66,/185) of these isolates were carbapenem-
resistant. The species distribution, ESBL production, and carbapenem resistance
rates of 185 isolates are shown in Table 3.

According to the results of PCR of 185 fosfomycin-resistant isolates, two
isolates (1.1%) that formed the band in the 234 bp region were suspected to
be fosA3 gene positive, and fosC2 gene was not detected. Sequence analysis was
performed with isolates that were suspiciously positive for fosA3. According to the
sequence analysis, two isolates were determined as fosA3-positive. These isolates
were Morganella morganii and E. coli. The fosA3-positive M. morganii was a
non-ESBL-producing and carbapenem-susceptible isolate. The fosA3-positive FE.
coli was an ESBL-producing and carbapenem-susceptible isolate.

According to PCR results of carbapenem genes, 66.7% (44,/66) of the isolates
were blagxa—4s positive, 3% (2/66) were blanpy positive, and all isolates were
blaxpc, and blaymy negative. Both of the fosA3 positive isolates were carbapenem
susceptible. Therefore we did not investigate carbapenem resistance genes in these
isolates.

Discussion. Antibiotic resistance in bacterial infections is a global public
health problem. ESBL-producing isolates and carbapenem-resistant Enterobac-
terales (CRE) are among the leading causes of antimicrobial resistance. These iso-
lates are associated with complicated infections and high morbidity and mortality.
Fosfomycin is an old antibiotic for uncomplicated UTTIs used by ESBL-producing
Enterobacterales. Due to the increasing prevalence of ESBL-producing Enterobac-
terales and CRE, the frequency of fosfomycin resistance should be followed up for
the treatment of urinary tract infections [9]. Our study aimed to determine the
susceptibility of fosfomycin and investigate the presence of fosfomycin resistance
genes, especially in ESBL-producing and non-ESBL-producing Enterobacterales
strains.

UTIs are the most common human bacterial infections, affecting approxi-
mately 150 million people per year. In most studies with urinary system samples
conducted more than 50% of the bacteria isolated were reported to be E. coli [10].
Similarly, 65.8% of 2095 isolates isolated from urine samples were E. coli in our
study.

Demonstrating the presence of ESBL in Gram-negative enteric bacteria that
cause UTI is critical in determining and guiding the treatment strategy. Studies
indicate a high risk of developing resistance to trimethoprim/sulfamethoxazole,
ciprofloxacin, aminoglycosides, and tetracycline, along with beta-lactams in uri-
nary tract infections caused by ESBL-producing E. coli and K. pneumoniae [11].
In our study, it was noteworthy that the ESBL production rate was more than
50%, especially in Klebsiella spp. isolates.

Fosfomycin, an alternative treatment for many pathogens, such as MDR, mi-
croorganisms, has been used for years, but the incidence of resistance has re-

420 K. Hacieminoglu Ulker, Y. Tanriverdi Cayci, A. Birinci



mained constant for a long time. However, the increase in resistance in recent
years is particularly significant in the treatment of MDR UTIs [5]. Recent studies
have reported fosfomycin resistance in Enterobacterales isolates in 11.4-67.35%
[12-14]. The fosfomycin resistance rates differ according to the characteristics
of the isolates. Fosfomycin resistance is higher in East Asian studies conducted
with specific isolates such as ESBL or KPC-producing Enterobacterales, CRE, and
MDR Enterobacterales [9]. Our study found that fosfomycin resistance was 22%
in Enterobacterales. We studied randomly selected fosfomycin-resistant isolates,
which were not specific. Therefore, a lower rate of fosfomycin resistance may have
been observed compared to East Asian studies.

Fosfomycin resistance was determined as 53.25% in K. pneumoniae isolates
and 5.4% in E. coli isolates. In addition, fosfomycin resistance was 24.4% and
20.6% higher in ESBL-positive isolates than in ESBL-negative isolates, respec-
tively. This difference between isolates was statistically significant (p < 0.05).
According to the susceptibility results of 185 fosfomycin-resistant Enterobacterales,
the highest ESBL positivity, and the highest carbapenem resistance was seen in
K. pneumoniae isolates (p < 0.05). Considering all the results, it is seen that
although F. coli is the most frequently isolated bacterium from urine samples,
fosfomycin and carbapenem resistance is higher in K. pneumoniae isolates. In
addition, it was determined that ESBL-producing isolates were more resistant to
fosfomycin than non-ESBL-producing isolates. The reason for these results may
be similar to the factors that cause antibiotic resistance and ESBL production.

In the last 15 years, studies on fosfomycin-resistant Enterobacterales isolates
have identified the fosA3 gene as the most frequently isolated fosA subtype. In
fosfomycin-resistant Enterobacterales isolates, fosA3 positivity ranged from 1.1%
to 89.5% [6,7,15]. In our study, 1.1% of fosfomycin-resistant isolates were positive
for fosA3. Comparing the results of our study with those of East Asian countries,
we find that the proportion of fosA3 gene positivity is low. This difference could
be because, in East Asian countries, livestock and domestic animals have become
reservoirs for Enterobacterales isolates carrying the fosA3 gene. In East Asian
countries, dietary habits and meat products sold on the street may facilitate the
transmission of plasmids carrying the fosA3 gene between domestic animals and
humans and accelerate the spread of resistance. Previous studies reported that
the primary mechanism of fosfomycin resistance in KPC-producing K. pneumoniae
and ESBL-producing E. coli isolates might be the fosA3 gene [16,17|. However,
in our study, no significant association was found with the fosA3 gene, neither
carbapenem resistance genes nor ESBL production. The reason could be that
only two fosA3 gene-positive isolates were determined in our study.

In Enterobacterales isolates, another important gene for plasmid-mediated
fosfomycin resistance is the fosC2. WACHINO et al. [18] found 14.3% fosC2
positivity in their study with ESBL-producing E. coli isolates, and SALMAN et
al. [19] found 72.3% fosC2 positivity in their study with MDR gram negative
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isolates. In our study, there were no positive isolates for the fosC2 gene as in the
studies of ZHANG et al. [17], and BAHY et al. [20].

In our study, fosfomycin resistance was compatible with studies conducted in
our country. It was determined that fosfomycin resistance was higher in K. pneu-
moniae and ESBL-producing Enterobacterales isolates. This result was expected.
The rate of fosA3 positivity was 1.1%, the rate of blagxa_4s positivity was 66.7%,
and the rate of blanpy positivity was 3%. The occurrence of fosA3 gene positivity
in Enterobacterales isolates is important for the future treatment of UTIs. The
analysis reported in this study was performed on samples collected between 2015
and 2016 and did not reflect current fosfomycin resistance. Therefore, further
studies are needed to determine current fosfomycin resistance in Enterobacterales
isolates in Turkey.
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