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Enterobacteriaceae bacteria are clinically important and lead to various diseases associated with high 
mortality and morbidity, including urinary tract infections, yet their treatment is a challenge due to 
increasing antibiotic resistance. This study examined the cytotoxicity effects and viability-inducing abilities 
of mecillinam and fosfomycin antibiotics in the extended-spectrum beta-lactamase Klebsiella pneumoniae 
strain. The immortalized normal human urothelial cell line was used and the urothelial cell line and 
bacteria using Klebsiella pneumoniae cultures were prepared. The bacterial association assays with the 
urothelial cell line were then conducted. The cytotoxic effects were examined using cytotoxicity assays 
of Klebsiella pneumoniae, cefotaxime-Munich, ampicillinase C, oxacillinase and transmission electron 
microscopy on the immortalized normal human urothelial cell line. The cytotoxicity of fosfomycin and 
mecillinam on cell line cytotoxic assays were measured by lactate dehydrogenase, a cell death marker 
and visualized by hematoxylin. Klebsiella pneumoniae strains showed significantly reduced association 
with urothelial cells than cefotaxime-Munich strains. The cefotaxime-Munich and ampicillinase C had 
a higher association with the urothelial cells than the oxacillinase and transmission electron microscopy 
strains. The cytotoxicity assays indicated that all Klebsiella pneumoniae strains had increased cytotoxicity 
after 24 or 12 h of incubation. Antibiotic resistance is increased by the bacterial strains that have genes 
encoding resistance, such as cefotaxime-Munich, ampicillinase C, transmission electron microscopy and 
oxacillinase. 
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The Enterobacteriaceae family is Gram-negative 
bacteria that include Escherichia coli (E. coli), 
Klebsiella pneumoniae (K. pneumoniae), Salmonella, 
Shigella, Enterobacter and Citrobacter species. The 
differentiation of these microorganisms from other 
bacterial species is that they are catalase-positive, 
reduce nitrate to nitrite; oxidase negative and produce 
acid from glucose fermentation. They are also motile 
and non-spore-forming. The bacteria can be located 
anywhere, in places such as the human body, water 
and soil, and have a critical part in maintaining the 
intestinal flora of animals. Some of these organisms are 
not normally disease-causing organisms, although they 
cause opportunistic infections[1]. For instance, E. coli 
is a commensal inhabitant of the gastrointestinal tract 
of humans and animals and rarely causes diseases. It is 

also used widely in industrial and medical applications, 
such as recombinant Deoxyribonucleic Acid (DNA) 
technology[2]. However, it is responsible for a wide 
range of diseases, including enteritis, septicemia and 
Urinary Tract Infections (UTIs) and other clinical 
infections like neonatal meningitis. It causes significant 
mortality and morbidity[1].

K. pneumoniae is second to E. coli, the most common 
Gram-negative pathogen that can cause healthcare-
associated infections such as meningitis, surgical 
or wound infections, pneumonia and bloodstream 
infections, as it readily colonizes human mucosal 
surfaces[3,4]. The bacteria also cause chronic genital 
ulcerative disease and rhinoscleroma, pyogenic 
liver abscesses and intra-abdominal infections, and 
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ozena[5]. In addition, the bacteria have been associated 
with comorbidities such as diabetes, organ transplant 
morbidities and cancer[6].

The prevalence of bacterial-associated UTIs has 
increased over the years and these are major causes of 
morbidities and mortalities in patients with underlying 
conditions[7]. The urothelium tissue that lines the inner 
surface of the renal pelvis and the ureters is highly 
elastic and has electrical resistance. It has 3-5 layers of 
cells with a thick layer of glycoprotein that functions 
as a protective layer. The layer also forms a barrier 
to water, ions, solutes and the entry of pathogens. 
Besides, the urothelium is a key in the control of urine 
flow and modulation of the ion and metabolite levels in 
the urine. However, the persistence of the antibiotics 
in the urothelial cells leading to cytotoxicity alters the 
functioning of the urothelial cells[8].

The treatment of UTIs is by using antibiotics and 
commonly used ones include fosfomycin (a phosphonic 
acid derivative), ceftriaxone, cephalexin, trimethoprim 
or nitrofurantoin. Extended-spectrum penicillin 
antibiotics such as mecillinam can also be used[9]. 
These bacteria have varying mechanisms of action. 
However, bacterial resistance to penicillin’s is high. 
The resistance of the Enterobacteriaceae to antibiotics 
is propagated by drug efflux pumps, impermeability of 
the membranes and inducible chromosomal enzymes, 
and in this way, the resistance of the bacteria to various 
antibiotics is maintained. In particular, bacterial 
resistance to beta-lactamase antibiotics has increased 
over the last decade. The resistance is propagated by 
the continued expression and horizontal transmission 
of single genes that encode efficient drug modification 
enzymes[10]. In particular, K. pneumoniae produces 
Extended-Spectrum Βeta-Lactamases (ESBL) that have 
increased their resistance to several antimicrobials. 
Vading et al. conducted a study to evaluate the risk 
factors and prognosis in invasive infections caused by 
K. pneumoniae and E. coli in an area that recorded low 
antibiotic resistance. The researchers also compared 
the rates of antimicrobial resistance in various 
European countries, using the European Antimicrobial 
Resistance Surveillance Network (EARS-Net) data. 
599 adult patients who were admitted to the Karolinska 
University Hospital with invasive K. pneumoniae 
infections were matched according to gender and age 
with patients with infections caused by E. coli in a 
retrospective review of medical records[3]. The results 
indicated that K. pneumoniae had higher 90 d mortality 
than E. coli, 26 % vs. 17 %, although there were no 

significant differences in the 7 d and 30 d mortality 
rates. 53 % and 38 % of patients with K. pneumoniae 
and E. coli infections had malignancy. The study also 
indicated high ESBL production by the bacteria, factors 
that continue to enhance antibiotic resistance.

Markedly, the beta (β)-lactamase producing bacteria 
are sensitive to β-lactamase inhibitors, although 
they cannot entirely be classified as ESBLs and are 
therefore called Ampicillinase C (AmpC) β-lactamases. 
The AmpC β-lactamases are clinically important 
cephalosporinases that mediate bacterial resistance to 
cephalosporins, penicillin’s and β-lactamase antibiotics 
and are encoded on the chromosomes of various 
Enterobacteriaceae, including the K. pneumoniae and 
E. coli[11]. Liu et al.[12], who investigated the genotype 
and phenotype of plasmid-mediated AmpC β-lactamase 
in K. pneumoniae and its role in its antibiotic resistance, 
noted increased resistance to cephalosporins among 
strains that encoded the cephalosporinases. Also, 
strains that had K. pneumoniae Carbapenemase-2 
(KPC-2) genes were resistant to imipenem. There 
are also Cefotaxime-Munich (CTX-Ms) that are 
active against broad and narrow-extended spectrum 
penicillin’s, monobactams, and classical and extended-
spectrum cephalosporins[13]. These plasmid-based 
encoded cefotaximases affect the action of cefotaxime 
antibiotics[14]. Canton et al.[15] note that the production of 
the CTX-Ms is propagated by the genetic mobilization 
units like the insertion sequences and the incorporation 
of genetic structures like the transposons and class-1 
integrons. Oxacillinases (OXAs), are ESBLs encoded 
by plasmids and hydrolyze the β-lactam rings to 
make the bacteria resistant to cephalothin, ampicillin, 
oxacillin and cloxacillin[16]. Therefore, this study seeks 
to determine the cytotoxicity effects of fosfomycin 
and mecillinam antibiotics in urothelial cells. These 
antibiotics are commonly used in the treatment of K. 
pneumoniae-caused UTIs.

MATERIALS AND METHODS

Urothelial cell line culture:

The immortalized Normal Human Urothelial Cell line 
(TRET-NHUC) was kindly provided by Professor 
Knowles, from the Cancer Research United Kingdom 
(UK) Clinical Centre at St. James’s University Hospital 
in Leeds[17]. TRET-NHUC cell line was provided as a 
frozen sample. That freezing medium (growth medium 
with 10 % Dimethyl Sulfoxide (DMSO) and 10 % Fetal 
Calf Serum (FSC)) was disposed by centrifugation at 
1000 rpm for 4 min and the medium was discarded. The 
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cells were re-suspended in 5 ml Keratinocyte Growth 
Medium-2 (KGM2) (purchased from Promo Cell) 
supplemented with bovine pituitary extract (0.004 mg/
ml), epidermal growth factor (0.125 ng/ml), insulin 
(5 mg/ml), hydrocortisone (0.33 mg/ml), epinephrine 
(0.39 mg/ml), transferrin, holo (10 mg/ml) and Calcium 
chloride (CaCl2) (0.06 mM). Then, cells were passed 
into T25 flasks and incubated at 37 in humidified 95 % 
air and 5 % Carbon dioxide (CO2). Theoretically, cells 
become confluent within a week (1106 cells/well) and 
the medium was changed 3 times per week. In the next 
stage, the cells were ready to use or passed into other 
T25 or T75 flasks. All passages, used in the experiment, 
were between passages numbers 4 to 10.

Bacterial culture:

Five different K. pneumoniae strains (K. pneumoniae, 
CTX-M, AmpC, OXA and Transmission Electron 
Microscopy (TEM)) were used in the present. The 
strains were collected from the clinical microbiology 
laboratory at King Abdulaziz University Hospital by 
Dr. Dalia Marwan, Director of infection prevention 
and control. All K. pneumoniae strains were grown in 
Luria-Bertani (LB) broth overnight at 37 in an Oxygen 
(O2) incubator[18]. The Optical Density (OD) of bacteria 
in LB broth was measured by spectrophotometer with a 
wavelength of 595 nm and an OD of 0.22 was obtained 
(Wavelength 595, OD 0.22=~108 bacteria/ml). These 
strains were cultured onto Cystine Lactose Electrolyte 
Deficient (CLED) agar medium and refreshed every 
week.

Association assays:

The bacterial association assays with the urothelial cell 
line were performed following the protocol of Al-Sarraj 
[9]. The remaining initial bacterial solution with an OD 
of 0.22 was used for the association assay, which was 
carried out in 96-well plates where the urothelial cells 
have been grown (2105 cells per 0.2 millilitres in each 
well) and until they became monolayer. Growth media 
was distributed in the plates and then 200 μl of KGM2 
controls were added to the first well, 10-12 bacteria 
were added to each cell and left for 1 h at 37. Wells 
were washed with 200 μl of Phosphate Buffered Saline 
(PBS). Cells were lysed with Sodium Dodecyl Sulfate 
(SDS) at 0.5 % final concentration. The number of 
bacteria associated with TRET-NHUC was calculated 
by this equation:

Percentage (%) of bacteria associated with 
cells=Number of bacteria recovered/Total number of 

urothelial cells100.

Cytotoxic effect:

These assays were performed to determine the 
cytotoxic effect of K. pneumoniae, CTX-M, AmpC, 
OXA and TEM on the TRET-NHUC cell line. In brief, 
after the incubation of bacteria with the cell line, the 
supernatants were collected in Eppendorf tubes to be 
used for cytotoxic effects. The cytotoxic effect was 
assessed by three different methods. The first method 
was to stain the cells with hematoxylin staining and 
assessed them visually. The second method was 
measuring cell viability by staining with trypan blue 
to count viable and dead cells. The third method was 
by measuring Lactate Dehydrogenase (LDH) using a 
specific kit.

Cytotoxic effects of fosfomycin and mecillinam on 
cell line measured by LDH:

To determine the cytotoxicity of fosfomycin and 
mecillinam on cell line, cytotoxic assays were 
performed. The 96 well plates were inoculated 
with TRET-NHUC cells until confluence. Different 
concentrations (64, 32, 16 and 8 µg/ml) of fosfomycin 
and mecillinam were added on cell line and incubated 
for 12 h and 24 h at 37 in CO2 incubator to determine 
the cytotoxicity on the cell line.

The effect of mecillinam and fosfomycin on TRET-
NHUC by trypan blue stain:

To determine the effect of mecillinam and fosfomycin 
on the urothelial cell line, viability assays were 
performed. The 96-well plates were prepared for TRET-
NHUC cells with KGM2 medium until confluent in the 
tissue culture laboratory. Fosfomycin and mecillinam 
(32 µg/ml) were added on the infected urothelial cell 
line for different incubation times (12 h and 24 h) 
to check the viability of the cells. The medium was 
discarded after the incubation period and 100 µl of 0.2 
% trypan blue was added for 15 min. After incubation 
time, trypan blue was discarded and cells were checked 
under the inverted microscope.

Cytotoxic effects of intracellular bacteria on cells 
measured by LDH:

LDH is a cell death marker to determine the cytotoxicity 
affecting bacteria in the presence and absence of 
fosfomycin and mecillinam. Cytotoxic effects were 
determined by measuring LDH released from cells in 
the supernatant (Cytotoxicity detection kitplus, Roche).
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Cytotoxicity assays were performed. The cell line 
was inoculated in the 96 well plates. The bacteria (K. 
pneumoniae, CTX-M, AmpC, OXA and TEM) strains 
were added to cells for 1 h to bind to the cell line. The 
extracellular bacteria were killed by imipenem. Then, 
wash once with PBS and 32 µg/ml of fosfomycin and 
mecillinam were added and incubated for different 
intervals (12 h and 24 h) at 37 in a CO2 incubator. The 
supernatants were collected and centrifuged (10 000 
rpm for 5 min). Next, 100 µl of supernatants was added 
to 96-well plates. Moreover, the high and low controls 
were prepared as follows; the lysis buffer was added to 
the control cell with a growth medium to release a high 
amount of LDH, while low control was just controlled 
cells with a growth medium. Then, 50 µl of the reaction 
mixture was added to the supernatants and incubated 
for 15 min at room temperature in dark. Next, the stop 
solution was added to stop the reactions. In the end, the 
96-well plates were shacked for 10 s and read by an 
Enzyme-Linked Immunosorbent Assay (ELISA) reader 
(wavelength 595). The cytotoxicity percentage was 
calculated as follows:

% Cytotoxicity=Sample value-Low control value/High 
control value-Low control value100.

Cell visualizing by haematoxylin:

Cytotoxic effects were assessed visually by hematoxylin 
staining. Briefly, cells were fixed by acetic acid and 

methanol 1:1 for 15 min, after which supernatants were 
collected. Then, hematoxylin staining was added to 
the cells to stain for 30 min. In the end, the staining 
cells were assessed visually and counted under the 
microscope.

Statistical analysis:

Statistical Package for the Social Sciences (SPSS) 
v.22 was used to analyze all the data. For significant 
differences between groups, one-way Analysis of 
Variance (ANOVA) was utilized. A p value of 0.05 was 
considered statistically significant.

RESULTS AND DISCUSSION

Association assays were performed to determine the 
ability of K. pneumoniae, CTX-M, AmpC, OXA and 
TEM to interact with urothelial cells. Our findings 
revealed that K. pneumoniae strains exhibited 
significantly lesser association with urothelial cells 
than CTX-M strains (fig. 1) where the association 
percentage of K. pneumoniae with urothelial cells was 
~12 %, the associated percentage of ESBL-positive 
strains with urothelial cells lies between ~20 % and 
25 %. CTX-M and AmpC were found to have a higher 
association rate with human urothelial cells. OXA and 
TEM strains have a lesser association than CTX-M and 
AmpC. Native K. pneumoniae has the least association 
with urothelial cells than other strains.

Fig. 1: The percentage of bacteria associated with human urothelial cells (TRET-NHUC). Results are the mean of three independent 
experiments performed in duplicate
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According to the previous experiments, the cytotoxicity 
assays were performed to study the effect of bacterial 
strains under investigation on the urothelial cell line in 
the presence and absence of the two antibiotics. Results 
showed that ESBL-negative K. pneumoniae increased 
its cytotoxicity from 10 % to 20 %, which show an 
increase of 10 %, 24 h after incubation. In contrast, 
although the cytotoxicity of K. pneumoniae CTX-M at 
12 h after incubation was 26 %, it increased significantly 
with an additional 12 h of incubation. The AmpC strain 
had increased cytotoxicity at 12 h of incubation, but its 
increase after another 12 h was higher than that obtained 
for the TEM strain (fig. 2).

The cytotoxic effects of fosfomycin and mecillinam on 
the TRET-NHUC cell line were determined after 12 h 
and 24 h of incubation. The different concentrations of 
fosfomycin and mecillinam have obtained a very low 
percentage of cytotoxicity (0-~7 %) on the cell line (fig. 
3).

Although, 0.2 % trypan blue staining was performed for 
the infected TRET-NHUC for 12 h and 24 h incubation, 
it was observed that the viability of the cells decreased 
as the incubation time increased. More dead cells were 
observed in the 24 h of incubation samples. On another 
hand, the viability of the urothelial cell lines without 
bacteria strain, stained with haematoxylin is shown in 

fig. 4 and stained with 0.2 % trypan blue is shown in 
fig. 5.

Finally, according to the viability of cells used 0.2 
% trypan blue was added. The charts showed the 
percentage of viable and dead TRET-NHUC lines 
12 h incubation with fosfomycin (fig. 6A) and 24 
h incubation with fosfomycin (fig. 6B). The charts 
showed the percentage of viable and dead urothelial 
cell lines after 12 h incubation with mecillinam (fig. 
7A) and 24 h incubation with mecillinam (fig. 7B).

The results of this study sought to determine the 
cytotoxicity effects on K. pneumoniae infected 
urothelial tissues by fosfomycin and mecillinam 
antibiotics indicated that the K. pneumoniae strains 
showed significantly reduced association with urothelial 
cells than CTX-M strains. The CTX-M and AmpC had 
a higher association with the urothelial cells than the 
OXA and TEM strains. The native K. pneumoniae had 
the least association with urothelial cells than other 
strains. The cytotoxicity assays indicated that all K. 
pneumoniae strains had increased cytotoxicity after 
24 h or 12 h of incubation. The cytotoxic effects of 
the antibiotics were determined after 12 h and 24 h of 
incubation indicating increased cytotoxicity that led 
to cell death and reduced cell viability of the TRET-
NHUC cell line.

Fig. 2: The percentage of cytotoxicity by LDH of associated cells with 32 µg/ml concentrations of fosfomycin and mecillinam for (A) 
12 h and (B) 24 h incubation. Results are the mean of three independent experiments performed in duplicate. Error bars represent 
standard error 

(A)

(B)

K. pneumoniae

K. pneumoniae
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Fig. 3: The percentage of cytotoxicity of cells only, with different concentrations (64, 32, 16 and 8 µg/ml) of fosfomycin and mecilli-
nam antibiotics in 12 h and 24 h. Results are the mean of three independent experiments performed in duplicate

Fig. 4: The visualization of the TRET-NHUC cell line by hematoxylin staining for (A) 12 h and (B) 24 h incubation period
(A)       (B)
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Fig. 6: The viability of TRET-NHUC cell line with fosfomycin using 0.2 % trypan blue for (A) 12 h incubation period, ( ) TEM; ( ) 
OXA; ( ) AmpC; ( ) CTX-M; ( ) K. pneumoniae and (B) 24 h incubation period, ( ) TEM; ( ) OXA; ( )AmpC; ( ) CTX-M; ( ) K. 
pneumoniae. Results are the mean of three independent experiments performed in duplicate. Error bars represent standard error

Fig. 5: The viability of TRET-NHUC cell line by trypan blue staining for (A) 12 h and (B) 24 h incubation period

(A)       (B)
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The cytotoxicity assays determine the loss of the 
cellular and intercellular functions of different cells 
and are indications of the injuries to cells and tissues. 
These assays are indicators of tissue injury and are 
based on different cell functions, including membrane 
permeability, enzyme activity, Adenosine Triphosphate 
(ATP) production, adherence of cells, production of co-
enzymes and nucleotide uptake activity. The fosfomycin 
and mecillinam antibiotics that are used in the treatment 
of UTIs were shown to lead to the cytotoxicity of the 
TRET-NHUC cell line at different concentrations 
of 64, 32, 16 and 8 µg/ml, and the viability or death 
of the cells was indicated by the LDH cell death 
marker. Mecillinam is an extended-spectrum penicillin 
antibiotic that binds to penicillin-binding protein-2 and 
is effective against Gram-negative bacteria. In high 
concentrations, the antibiotic affects the structure of 
the cells and these become large and round, although, 

in standard pressure and temperature, cell division is 
not affected. However, increased temperatures in high 
mecillinam concentrations affect the cell division 
of cells, leading to their lysis[19]. Mecillinam also 
induces a lethal malfunctioning of the Rod system and 
Prostaglandin (PG) synthesis that increases its toxicity 
to cells. This explains why the incubation of the TRET-
NHUC cells treated with mecillinam led to increased 
cell death and reduced numbers of viable cells after 12 
h and 24 h.

Similarly, fosfomycin antibiotic is a phosphonic acid 
derivative that inhibits the synthesis of the cell wall and 
peptidoglycans in the bacteria through the formation of 
spheroplast in high osmolarity media. The antibiotic 
inhibits the flow of the N-acetylamino sugars to the cell 
wall and stops the action of key enzymes[20]. In high 
concentrations, the antibiotic affects the impermeability 
of the bacterial cells and accumulates in the cytoplasm. 

Fig. 7: The viability of TRET-NHUC cell line with mecillinam for (A) 12 h incubation period, ( ) TEM; ( ) OXA; ( ) AmpC; ( ) 
CTX-M; ( ) K. pneumoniae and (B) 24 h incubation period, ( ) TEM; ( ) OXA; ( ) AmpC; ( ) CTX-M; ( ) K. pneumoniae. Results 
are the mean of three independent experiments performed in duplicate. Error bars represent standard error
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Studies have shown that the toxicity of fosfomycin 
is reduced, when it is used in combination with other 
antibiotics, as it does not bind to plasma proteins and 
is cleared by the kidneys[21]. Besides, fosfomycin is 
a water-soluble antibiotic whose absorption occurs 
through a non-saturable passive diffusion and a 
saturable carrier-mediated mechanism. The urothelium 
tissue provides a barrier against the entry of pathogens 
and disruption of the barrier leads to increased pathogen 
penetration, leading to the development of UTIs. Also, 
the disruption of the barrier affects the absorption of the 
antibiotic, leading to its high concentration in urine. In 
vivo, cells use oxygen for respiration, but the cultured 
cells rely on glycolysis, which is catalyzed by cytosolic 
LDH enzyme, which may be anaerobic due to the 
absence of haemoglobin[22]. The reduced mitochondrial 
activity leads to the reduction of pyruvate to lactate 
by Nicotinamide Adenine Dinucleotide Hydrogen 
(NADH). Therefore, impaired mitochondrial action in 
the cultured cell lines can explain the cytotoxic effects 
noted in the TRET-NHUC cell lines. The action of 
these antibiotics, fosfomycin and mecillinam on the K. 
pneumoniae bacteria affected cellular metabolism and 
increased the cytotoxic effects on the cells.

The results of this study also showed a reduced 
association of K. pneumoniae strains with the urothelial 
cells than CTX-M and AmpC strains. The CTX-M 
and AmpC had a higher association with the urothelial 
cells than the OXA and TEM strains. The native K. 
pneumoniae had the least association with urothelial 
cells than other strains. These results showed a high 
prevalence of multidrug resistance and ESBL carriage 
of these strains, highlighting the high antimicrobial 
resistance in the K. pneumoniae bacterial strains. 
These results indicated that the most predominant 
ESBL strains were CTX-M and AmpC. The ESBLs 
are known for their resistance to the third-generation 
cephalosporins and resistance to clavulanic acid and 
are encoded by plasmids. The CTX-M, AmpC, OXA 
and TEM bacterial strains have elevated resistance 
against specific antibiotics[23]. For instance, AmpC 
β-lactamases are clinically important cephalosporinases 
that mediate bacterial resistance to cephalosporins, 
penicillin’s and β-lactamase antibiotics and are encoded 
on the chromosomes of various Enterobacteriaceae[24]. 
The CTX-Ms are active against broad and narrow-
extended spectrum penicillin’s, monobactams and 
classical and extended-spectrum cephalosporins and 
have genetic mobilization units that increase their 
resistance. Markedly, CTX-Ms are the most common 
ESBL encoding genes[25-27]. The OXAs are encoded by 

plasmids and hydrolyze the β-lactam rings to make the 
bacteria resistant to various antibiotics.

The results of this study showed an increasing 
prevalence of antibiotic-resistant ESBL strains that 
were consistent with those obtained by Alqasim et 
al.[28]. Alqasim et al. noted an increasing prevalence of 
multidrug resistance and ESBL in various uropathogenic 
isolates from 100[28]. Their results indicated the high 
antimicrobial resistance in the antibiotics that are 
commonly used in the treatment of UTIs, highlighting 
the need for the revision of clinical guidelines and 
policies for optimal therapy against UTIs. Besides, the 
results that showed that the CTX-M and AmpC strains 
are predominant and were consistent with the results 
obtained by Liu et al.[12], who observed a high prevalence 
of AmpC K. pneumoniae strains from the 130 isolates 
they used. Similarly, Mansouri et al.[29] determined the 
presence of the CTX-M and AmpC strains in clinical 
isolates of the K. pneumoniae producing ESBLs and 
noted a high prevalence of these strains. Tan et al.[30] 
also noted a high prevalence of AmpC strains, 93.7 %, in 
clinical isolates obtained from 255 patients with UTIs. 
However, the study by Feizabadi et al.[31] indicated that 
TEM K. pneumoniae strains were the most prevalent 
when compared to CTX-M and AmpC’s, although this 
was attributed to the low ESBL resistance in Iran at the 
time of the study.

The Enterobacteriaceae family is responsible for a 
wide range of diseases, including UTIs and is therefore 
clinically important. In particular, K. pneumoniae 
causes healthcare-associated infections such as 
meningitis, surgical or wound infections, pneumonia 
and bloodstream infections, as it readily colonizes 
human mucosal surfaces. However, the treatment of 
these infections is hindered by antibiotic resistance, 
which is propagated by the continued expression 
and horizontal transmission of single genes that 
encode efficient drug modification enzymes. This 
study examined the cytotoxicity effects and viability-
inducing abilities of mecillinam and fosfomycin 
antibiotics in ESBL and K. pneumoniae strains. The 
results obtained showed that the cytotoxicity of the 
antibiotics increased with incubation and after 12 h or 
24 h, the number of viable cells were lower than the 
number of dead cells. Besides, the association of the 
K. pneumoniae strains with urothelial cells was higher 
than the association of CTX-M, AmpC, TEM and OXA 
strains with the urothelial cells. These results indicated 
the high antibiotic resistance using single genes and 
the need to implement clinical guidelines and policies 
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that ensure reduced antibiotic resistance and improved 
patient outcomes.
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