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SUMMARY

Research background. Food safety is threatened by the contamination of fresh fruits and
vegetables by pathogenic bacteria, among which the particularly widespread ones are coliform
bacteria. Due to the continuous increase in the incidence of severe diseases caused by the
consumption of fresh (tomato) fruits contaminated with Escherichia coli, antimicrobial postharvest
measures are needed. The problem is that many active antimicrobial compounds have a weak and

short-lasting effect and/or are not environmentally friendly. Recently, the antibacterial and antifungal
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activity of environmentally friendly agent phenylboronic acid (PBA), including on a couple of tomato
pathogens, was reported.

Experimental approach. This study aimed to determine the antibacterial effect of PBA on E. coli
and three enteropathogenic Enterobacterales, and to check its ability to serve as a bacterial
decontaminant of fresh tomato fruits.

Results and conclusions. The minimal inhibitory concentration (MIC) of PBA against E. coli, as
well as Shigella sonnei, Salmonella enteritidis, and Yersinia enterocolitica were 1.0, 1.2, 1.0 and 0.8
mg/mL, respectively. Moreover, we have shown that PBA has a bacteriostatic effect on E. coli at lower
concentrations and a bactericidal effect at higher (>3.0 mg/mL) concentrations. Importantly, the study
found that an E. coli strain resistant to seven commonly used antibiotics, as well as strains producing
extended-spectrum beta-lactamases (ESBL), is as sensitive to PBA as the wild-type strain lacking
any resistance, suggesting that PBA’s mechanism of action differs from that of all these antibiotics.
Finally, we have shown that washing and incubating contaminated tomato fruits in PBA solution
reduces the growth of E. coli washed from fresh tomato fruits in a dose- (0.5-3.0 mg/mL) and time-
dependent manner, while having no adverse effect on the tomato fruits.

Novelty and scientific contribution. This is the first report of PBA’s antibacterial effect on medically
important bacteria E. coli, S. enteritidis, S. sonnei and Y. enterocolitica. Moreover, we show that PBA
kills multiple-antibiotic resistant E. coli, including those producing ESBL, revealing it as a promising
agent against such bacteria. Finally, PBA is shown to be an effective decontaminant of E. coli on fresh

tomato fruits.
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INTRODUCTION

Contamination of fresh fruits and vegetables by pathogenic bacteria constitutes a public health
risk, which makes it a permanent challenge for the modern food industry (1,2). Among the most
common contaminants of fresh food is Escherichia coli (3), the consumption of which leads to various
gastrointestinal infections, as it is a dangerous human pathogen (1,4). For instance, a large outbreak
of E. coli 0104:H4 occurred in Germany in 2011, affecting 3842 people and resulting in 53 deaths,
which was attributed to the consummation of contaminated fresh bean sprouts (5). The bacterium is
a Gram-negative and flat rod-shaped (6). Being a facultative anaerobe, E. coli can survive in the

absence of oxygen (7), which increases the risk of food contamination (1). E. coli is an indicator of



fecal contamination and water pollution (8,9). Thus, irrigation water contaminated with E. coli supplied
to crops is a potential source of contamination of fresh fruits and vegetables (9,10), by coming in
contact with the plant foliage or wounds (11) through bioaerosols generated by sprinkler irrigation
(12). Solomon et al. (13) state that such a mode of spread increases the population of E. coli on fresh
fruits the most. Among the cultivated plants, tomatoes have one of the highest risks of contamination
by E. coli (10).

Fresh tomato fruits are occasionally contaminated with pathogens, which results in food-borne
diseases and epidemics. Guo et al. (14) reported that in 1990, 176 cases in humans, caused by the
consumption of raw tomato fruits, were reported in lllinois, Michigan, Minnesota, and Wisconsin, USA.
Due to the continuous increase in diseases transmitted by consumption of contaminated raw
vegetables such as tomatoes, effective antimicrobial methods are needed during processing of
harvested fruits (15).

A recent report (2) describes the decontamination of the E. coli population on the surface of
fruits using various compounds with antimicrobial activity. Although effective in reducing cross-
contamination of fruits with E. coli, some decontaminating agents are of limited utility because their
effectiveness decreases rapidly (16) and some are explosive or irritant (17). An alternative approach
to decontamination of E. coli from tomatoes is the use of environmentally friendly and highly efficient
compounds at low concentrations (2). We have recently reported the antibacterial and antifungal
activity of phenylboronic acid (PBA) on tomato pathogens at the concentrations that are not toxic to
the plant (18-20), which could make PBA a suitable candidate for the decontamination of fresh fruits,
especially since PBA is well tolerated by mammals (21,22) and is considered environmentally friendly
(20,23,24). PBA is a derivative of the medically important boric acid (25), which in certain
concentrations has a significant antimicrobial effect on some medically important bacteria (26),
whereas its activity on E. coli and its relatives from the Enterobacteriaceae family, such as Salmonella
enteritidis, Shigella sonnei and Yersinia enterocolitica has not been reported yet. Therefore, in this
study we have determined the PBA MIC for these common causative agents of foodborne illnesses,
as well as the in vitro effect of PBA on E. coli growth and viability, including on multidrug resistant
strains. Finally, we determined the PBA inactivation of E. coli washed from the surface of fresh tomato

fruits.

MATERIALS AND METHODS

Bacterial strains



We used a wild-type K-12 strain MG1655, which is a commonly used laboratory strain close
to the archetypal E. coli K-12 strain (27). It has no antibiotic resistance and is not pathogenic. We
constructed an MG1655 derivative DE728 resistant to seven commonly used antibiotics: tetracycline,
ampicillin, chloramphenicol, kanamycin, rifampicin, streptomycin, and nalidixic acid. The antibiotic
resistance was produced either by selecting forward mutations of the E. coli genes rpsL, gyrB and
rpoB for streptomycin, nalidixic acid and rifampicin resistance, respectively; or by the introduction of
transposon-marked alleles by P1 phage transduction (28): thr::Tnl10, zoi::Tn3, malB::Tn9 and
AproA::Km, which bring resistance to tetracycline, ampicillin, chloramphenicol and kanamycin,
respectively. Salmonella enteritidis, Shigella sonnei Yersinia enterocolitica, as well as E. coli strains
producing extended-spectrum beta-lactamases, are from the collection of the Department for
Microbiology and Parasitology of the Medical School, University of Zagreb.

The E. coli strains that produce ESBL were clinical isolates isolated from urine (Table S1) as
described (29).

Determination of minimum inhibitory concentration of PBA

The minimum inhibitory concentration (MIC) of PBA for E. coli, S. enteritidis, S. sonnei and Y.
enterocolitica was determined by agar dilution according to CLSI standards (30). An inoculum of 10*
CFU per spot was applied on an LB agar (Gibco, Waltham, USA) plate containing a certain
concentration of PBA, which were then incubated for 24 h at 37 °C. MIC was defined as the lowest
concentration inhibiting the growth of the colonies on agar. As a control, plates were used that lacked
PBA, and the normal growth and bacterial viable cells titer was determined.

Preparation of PBA concentration range

Based on the determined MIC for E. coli, PBA (Merck, New Jersey, USA) was prepared in a
certain range of concentrations (1/2 MIC, 1 MIC, 2 MIC and 3 MIC). A stock solution of PBA at a
concentration of 10 mg/mL was prepared in sterile water or LB, which was then diluted to the final

concentrations from 0.4 to 4.0 mg/mL.

Determination of growth kinetics and viability of E. coli treated with PBA

In accordance with a previously described procedure (18), E. coli was grown in a liquid LB

medium at 37 °C with aeration. The bacterial culture in the exponential growth phase was diluted 10-



fold into the fresh LB medium containing PBA. Incubation of the bacteria in the PBA-enriched medium
was done at 37 °C with aeration, during which the samples were periodically taken, and their optical
density (Asoo) was determined by a colorimeter (Novaspec I, Amersham Pharmacia Biotech, USA)
as well as their viable bacteria count. The titer of viable bacteria (either wild-type or its derivative
resistant to: tetracycline, ampicillin, chloramphenicol, kanamycin, rifampicin, streptomycin, and
nalidixic acid) was determined by a serial dilution of bacterial cultures in 67 mmol/L phosphate buffer
and plating them on LB agar plates lacking PBA, which were incubated at 37 °C for 48 h. The optical
density and viable cells’ titer at the start of incubation were used as a reference for expressing their

changes during the incubation.

PBA treatment of tomato fruits contaminated with E. coli

Considering the determined MIC, E. coli was tested against a range of MIC concentrations
according to the modified method of inactivation of E. coli by washing from fresh tomato fruits
according to Zhang et al. (2). Thirty-six cherry tomato (Solanum lycopersicum var. cerasiforme) fruits
were immersed in a suspension of E. coli (7.9-108 CFU/mL) and soaked for 30 min. After soaking, the
fruits were dried on a paper towel to facilitate bacterial adherence to the fruit surface. Each tomato
fruit was then placed in a sterile plastic box (8 cmx6 cmx7 cm), and the prepared PBA solution was
added. A sealed box containing the fruit immersed in a certain concentration of PBA was placed on a
shaker and secured using adhesive tape. By running the shaker (1000 rpm/2 min), the fruit was
washed with the PBA solution. The procedure was repeated with control solutions of sterile distilled
water and ethanol (EtOH) (1.0 %). After rinsing, the solution in which the tomato fruits were washed,
was pipetted in a volume of 100 ul onto an LB medium in sterile Petri dishes (9 cm) and evenly
dispersed with a glass plate spreader. The inoculated Petri dishes were incubated in an air chamber
at 37 °C in the dark.

The experiment was repeated with the incubation of tomato fruits in PBA solutions for 120
minutes. The duration of exposure was determined by a preliminary experiment (data not shown)
which determined that there was no cracking or discoloration of the tomato fruits after 120 minutes of

immersion in PBA.

Readings of the results were performed 72 h after setting up the experiment by photographing

the grown colonies in petri dishes. Measurement of the total area (cm?) of E. coli colonies was



performed using the software ImageJ according to Guzman et al. (31) to determine the degree of
pathogen inactivation.

Statistical data analysis was performed by one-way analysis of variance (One Way ANOVA),
and differences between treatments were evaluated by the Tukey test (p<0.05) (32) using SPSS v.
27 (33).

RESULTS AND DISCUSSION

Determination of PBA minimum inhibitory concentration

The growth of bacterial colonies was followed on the plates with concentrations ranging from
0.7 to 2.5 mg/mL PBA. We analyzed the common human pathogenic Gram-negative bacteria that are
the most prevalent causative agents of food-borne infections, such as E. coli and its relatives: S.
enteritidis, S. sonnei and Y. enterocolitica. As shown in Table 1, the minimal concentrations of PBA
that blocked the growth of E. coli, S. enteritidis, S. sonnei and Y. enterocolitica were 1.0, 1.0, 1.2 and
0.8 mg/mL, respectively. Hence, we infer these concentrations to be PBA MICs for these bacteria.
The observed PBA MICs are similar to the one of their plant pathogenic relative Erwinia amylovora
(0.8 mg/mL), while being about twice as high as the PBA MIC for another plant pathogenic bacterium
Pseudomonas syringae pv. tomato (0.5 mg/mL) (18).

The effect of PBA on growth and viability kinetics of E. coli

Since the PBA MICs for E. coli and its bacterial relatives were similar, we used the former in
further research, mostly due to its facultative pathogenic character and the consequent convenience
of working with it, as well as our ample experience in working with that organism. To better
characterize the effect of PBA on E. coli physiology, we measured growth and survival kinetics of the
bacterium in LB medium containing various concentrations of PBA. As shown in Fig. 1a) PBA slowed
the bacterial growth in a dose-dependent manner. The E. coli mass-doubling time was ~26 min in
medium lacking PBA, which increased greatly in medium containing 2.0 or 3.0 mg/mL PBA, where
the bacteria stopped growing. There was a decrease in bacterial optical density when the medium
contained 4.0 mg/mL PBA (Fig. 1a). These results thus indicate that PBA in concentrations of 2.0 to
3.0 mg/mL has a bacteriostatic effect whereas a concentration of 4.0 mg/mL shows a bactericidal

effect on E. coli.



We directly measured the effect of PBA on bacterial viability by determining the viable cell
count in cultures containing PBA. In medium lacking PBA, the bacterial viable count, expressed as
the titer of colony forming units (CFU/mL), grew exponentially (Fig. 1b). On the other hand, the viable
cells’ titer grew only marginally in medium containing 2.0 mg/mL PBA and then somewhat fell after
prolonged incubation (overnight). The survival of E. coli was even more reduced upon incubation in
the medium with 3.0 mg/mL PBA, which was even more pronounced when the PBA concentration
was 4.0 mg/mL, in which case it was reduced about 100-fold after overnight incubation (Fig. 1b).
These results show that 2.0 mg/mL of PBA in LB medium acts as bacteriostatic, whereas PBA at 3.0
mg/mL has a mild bactericidal effect, which greatly rises when the PBA concentration increases to
4.0 mg/mL. The higher PBA concentrations required to inhibit E. coli growth and viability in this assay
compared to those in the MIC assay are likely due to the much shorter exposure period in the former.
Moreover, the MIC assay does not differentiate between bacteriostatic and bactericidal effects of the
assayed agent (the effects are added), whereas the growth and viability kinetics assays are able to
differentiate between the two.

Resistance to multiple antibiotics does not affect E. coli sensitivity to PBA

We determined how resistance to multiple commonly used antibiotics (e.g. tetracycline, ampicillin,
chloramphenicol, kanamycin, rifampicin, streptomycin, and nalidixic acid) affects E. coli survival upon
exposure to PBA. As shown in Fig. 2, the DE728 strain, resistant to seven antibiotics, showed a drop
in viable cell titer that is comparable to the survival of its wild-type progenitor (MG1655) when exposed
to the similar concentration of PBA (compare Fig. 2 and Fig. 1b). This result indicates that the
mechanism of PBA toxicity to the bacterium differs from those of the seven tested antibiotics, with the
corollary that PBA can be used against E. coli irrespective of its antibiotic resistance, hence qualifying
it as a valuable alternative for treating infections associated with multiple-antibiotic resistant E. coli
strains. Moreover, since the mechanisms of antibiotic activity, as well as the mechanisms of bacterial
resistance to antibiotics, are conserved among different bacteria, the unaffected killing of multiple-

antibiotic resistant E. coli by PBA should represent a general trait among bacterial species.

In light of the growing problem of the increasing incidence of antibiotic resistance of medicinally
important pathogenic bacteria (such as Enterobacterales), we determined the PBA MIC against E.
coli resistant to newer antibiotics, namely strains producing CTX-M beta-lactamases belonging to

extended spectrum (ESBL), which are resistant to new-generation penicillin and cephalosporins



(Table 2). The problem with ESBL-producing bacteria is that ESBLs are mainly encoded by plasmids,
which often also carry genes encoding resistance to other classes of antimicrobials (for example,
aminoglycosides, quinolones, tetracyclines, etc.) (Table S1) (29). This multiple resistance to
antimicrobial agents limits the treatment options of ESBL-producing bacteria and poses a risk to
successful treatment. As shown in Table 2, the PBA MIC for all 9 strains producing ESBL was similar
to the MIC of the control E. coli strain that is devoid of any resistance (1.2 mg/mL). Their MICs varied
from 0.8 to 1.3 mg/mL. Our results indicate that PBA can be applied against E. coli producing ESBL,
therefore alleviating the problem of multiple resistance in those bacteria. Certainly, further research

is required to better optimize the use of PBA in human medicine.

The drop of Aso (cell density) in cultures treated with higher concentrations of PBA (>4.0 mg/mL)
(Fig. 2) indicates that the mechanism of killing E. coli by PBA involves disintegration of the cells. The
same effect was observed upon exposure of E. amylovora and P. syringae pv. tomato to PBA, albeit
at lower concentrations (2.0 and 3.0 mg/mL, respectively) compared to E. coli (18). However, the
common trait of PBA action on all three bacteria is that the cell density drop is observed at about 4
MIC.

Antibacterial effect of PBA on E. coli washed from tomato fruits

After washing the tomato fruits with PBA of % MIC (0.5 mg/mL), 1 MIC (1.0 mg/mL), 2 MIC
(2.0 mg/mL) and 3 MIC (3.0 mg/mL), the growth of E. coli colonies was recorded. The growth area of
E. coli after washing with 2 MIC, 1 MIC, 2 MIC and 3 MIC PBA from tomato fruits was reduced by 41,
59, 53 and 85 %, respectively, compared to the control wash with dH,O (Table 3).

Washing of E. coli cells with %2 MIC, 1 MIC, 2 MIC and 3 MIC PBA from tomato fruits in the
indicated concentrations, resulted in a decrease in the growth area of bacterial colonies by 20, 44, 36
and 80 %, respectively, compared to the control washing with EtOH (1.0 %) (Table 3).

Mean values of E. coli colony growth were statistically significant in all tested variants (Y2 MIC,
1 MIC, 2 MIC and 3 MIC PBA) compared to control washings with dH,O and EtOH (1.0 %) according
to the Tukey test (Table 3). Our results thus show that PBA retards the growth of E. coli washed from

tomato fruits.

Antibacterial effect of prolonged incubation with PBA on the growth of E. coli washed from tomato

fruits



The growth of E. coli colonies washed from tomato fruits was recorded after incubation for 120
min with PBA in concentrations %2 MIC (0.5 mg/mL), 1 MIC (1.0 mg/mL), 2 MIC (2.0 mg/mL) and 3
MIC (3.0 mg/mL).

As shown in Table 3, the growth area of E. coli colonies after washing with 2 MIC, 1 MIC, 2
MIC and 3 MIC PBA from tomato fruits and after immersion of fruits in the specified concentration
range for 120 min, was inhibited by 97, 68, 94 and 97 %, respectively, compared to washing with
dH»0. Washing of E. coli and exposure of fruits at the indicated concentrations, resulted in 96, 56, 92
and 96 % respective reduction in bacterial colony growth area compared to the control washing with
EtOH (1.0 %).

Mean colony growth values of E. coli were statistically significant in all tested variants (2 MIC,
1 MIC, 2 MIC and 3 MIC PBA) compared to mean colony growth values in control variants with dH,O
and EtOH (1.0 %) according to the Tukey test (Table 3).

We can therefore conclude that PBA reduces the growth of E. coli washed from tomato fruits
in a dose- and time-dependent manner. Earlier, Shen et al. (34), reported stronger inhibition of E. coli
in an agqueous chlorine solution with increased incubation time. They showed that inactivation of the
E. coli depends on the efficacy and concentration of the compound and the time of exposure of the

bacterium, which is in accord with our results.

Moreover, the results show higher efficacy of PBA compared to the ethanol (EtOH), which is
a commonly used disinfectant. Namely, 1.0 % solution of ethanol showed less effect on E. coli than
PBA at 0.5 mg/mL, (i.e. 0.05 %). Surely, one can increase the EtOH concentration, but that would
have potentially negative side effects since ethanol is a strong oxidant and can therefore negatively
impact the quality of tomato fruits. On the other hand, PBA is a weak acid, which would therefore
weakly affect the tomato fruit even at 1.0 % concentration (we did not observe any adverse effect of
PBA in concentrations that we used on tomato fruits, not shown), while we noted quite a strong effect
on E. coli washed from the tomato fruit already with 0.3 % PBA, meaning that there is a possibility of
using higher PBA concentrations than we used here. This is especially relevant since PBA is
environmentally friendly (20,23,24) and is well tolerated by mammals (21,22). For instance, the LDsg
(oral) for arat is 0.74 g/kg of PBA, as compared to the LDso of NaCl, which is 3.0 g/kg (35).

By comparing the results of our in vitro experiments, a difference can be observed between
the inhibitory effect of PBA dissolved in distilled water at prolonged exposure, where an antibacterial

effect on E. coli was achieved at 0.5 mg/mL PBA (Table 3), and the inhibitory effect of PBA dissolved



in nutrient medium where an antibacterial effect is achieved at 1.0 mg/mL PBA (Table 1). The
discrepancy can be explained by the data of Virto et al. (35), which showed that inactivation of E. coli
by chlorine dissolved in distilled water is significantly more pronounced than the inactivation of
bacteria that were exposed to chlorine in an organic medium. Their results suggest that bacterial cell
membrane damage is greater in water compared to the organic medium that prevented cell
membrane permeability and chlorine penetration into the E. coli cell. Hence, our results are consistent
with that study (36).

CONCLUSIONS

In this study we have revealed PBA as a promising antibacterial agent of medical importance
due to two of its properties. Firstly, PBA has antibacterial effects on E. coli and its enterobacterial
relatives. We determined the PBA concentrations with bacteriostatic/bactericidal effects against E.
coli. Secondly, we have shown that PBA is effective against multidrug resistant E. coli, including
resistance to modern antibiotics. Moreover, we have used PBA for an efficient decontamination of E.
coli from fresh tomato fruits, thus disclosing the potential of PBA usage in raw food decontamination.

This is the first study of the antibacterial effect of PBA on the E. coli and its pathogenic
relatives, which is supplemented with the determination of practical usage of PBA for decontamination
of (even multiple-antibiotic resistant) bacteria on fresh tomato fruits and therefore opens up a

perspective of PBA application in food processing.
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Fig. 1 Kinetics of wild-type E. coli MG1655 growth (a) and viable cell count (CFU, Colony Forming
Units) (b) in a liquid LB medium supplemented with phenylboronic acid, at 37 °C (duration of exposure
to PBA is expressed in minutes). Serial dilution of bacterial cultures was applied on LB plates (with
no PBA added) and incubated for 48 h at 37 °C. Optical density and viable cells titer at the start of
incubation were used as a reference for expressing their changes during the incubation. Each value

is a mean of three independent experiments, with error bars representing standard deviation
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Fig. 2. Kinetics of multiple-antibiotic resistant E. coli DE728 viable cell count (CFU) in a liquid LB
medium supplemented with phenylboronic acid, at 37 °C (duration of exposure to PBA is expressed
in minutes). Bacteria were resistant to tetracycline, ampicillin, chloramphenicol, kanamycin,
rifampicin, streptomycin and nalidixic acid. Serial dilution of bacterial cultures was applied on LB
plates (with no PBA added) and incubated for 48 h at 37 °C. Viable-cells titer at the start of incubation
was used as a reference for expressing its changes during the incubation. Each value is a mean of

three independent experiments, with error bars representing standard deviation
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Table 1. Inhibitory effect of PBA on human pathogenic bacteria growth on agar plates after 24 h of

incubation at 37 °C

y(PBA)/
L
(mg/mL) 0.7 0.8 0.9 1.0 1.1 1.2 15 2.0 25
Organism
Yersinia
enterocolitica + - - - - - - - -
Escherichia coli + + + - - - - - -
Salmonella
enteritidis + + + - - - - - -
Shigella sonnei + + + + + - - - -
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Table 2. Inhibitory effect of PBA on growth of Escherichia coli, producing extended-spectrum beta-lactamases (ESBL), on agar plates after 24 h of
incubation at 37 °C

y(PBA)/(mg/mL)
Strain Additional
resistance? 0.7 0.8 0.9 1.0 1.1 1.2 1.3 14 1.5
5 CAZ, CTX, CRO, . ] ] ] ) ) . . ]
FEP, GM, CIP
6 CAZ, CTX, CRO, .\ ] ] ] ) ) ] . ]
FEP, GM, CIP

CAZ, CTX, CRO,

11 FEP, GM, CIP ¥ ] ] ] ] ) . ) )
CAZ, CTX, CRO,

2 FEP, GM, CIP ¥ ¥ * * ] ) ) ] _
CTX, CRO, FEP,

3 GM, CIP ¥ ¥ * * ] ] ) ] )
CAZ, CTX, CRO,

4 FEP, GM, CIP * * * * ) - ) - -
CAZ, CTX, CRO,

1 FEP, CIP + + + + + - - - -
CAZ, CTX, CRO,

12 FEP. CIP + + + + + - - - -

ATCC25922 + + + + + ] ] ] ]
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CAZ, CTX, CRO,
FEP, CIP

3CAZ-ceftazidime, CTX-cefotaxime, CRO-ceftriaxone, FEP-cefepime, IMI-imipenem, MEM-meropenem, GM-gentamicin, CIP-ciprofloxacin, TZP-
piperacillin-tazobactam
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Table 3. Effect of PBA on growth of Escherichia coli washed from tomato fruits and incubated

either O min (top row) or 120 min (bottom row) in the PBA-containing solutions, compared to

control washings with dH>O and EtOH (1.0 %) after 72 h incubation

y(PBA)/(mg/  E. coli + E. coli + E. coli + E. coli +

E. coli + E. coli +

mL) dH20 EtOH 0.5 1.0 2.0 3.0
(0.520.2)
Meanvalue o 1102)  (25:0.1) (2002 (L4202)° (1.6:0.4)
of colony :
2
area (cm?) £ (0.1+0.0)
(3.4£0.2)¢ (2.5£0.1)° (0.1+0.0)2 (1L.120.1)> (0.2£0.0)2

SD

a

*Different letters indicate a significant difference according to the Tukey test at the level of

p<0.05
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Supplementary material

Table S1. Additional antibiotic and genomic traits of the clinical isolates of ESBL-producing Escherichia coli strains

Minimal inhibitory concentration (mg/mL)*° DNA profile
Strain | CAZ  CTX CRO FEP IMI MEM  GM cIp 1zp  Betalactamase | Plasmid  PFGE
content type cluster
1 3459 | 32(R) 16(R) 128 (R) 2(1) 0.06(S) 0.06(S) 4(S) 128 (R)  4(S) CTX-M-15, TEM-1 | X,FIA  EXXIV
2 7377 | 8() 8 (R) >128 (R) 64(R) 0.06(S) 0.06(S) 64(R)  >128(R) 4(S)  CTX-M-15 TEM-1 | FIA E XVIllb
3 16416 | 4(S) 16 (R) 128(R) 4(R) 0.06(S) 0.06(S) 64(R) 128 (R) 2(S)  CTX-M-15 X, FIA  EXXXII
4 1358 | 64(R) >128(R) >128(R) 64(R) 0.06(S) 0.06(S) 128 (R) >128(R) 32(S) CTX-M-15,TEM-1 | X E IX
5 23407 | 64(R) >128(R) >128(R) 64(R) 0.06(S) 0.06(S) 128(R) 128(R) 2(S)  CTX-M-15,TEM-1 | L/M E XXVII
6 3263 | 16(R) 128(R) 64(R) 64(R) 0.06(S) 0.06(S) 64(R)  >128(R) 1(S)  CTX-M-15 FIA Ell
8 21646 | 16(R) 64 (R) 16 (R) 4(R) 0.06(S) 0.06(S) 1(S) >128 (R) 0.5(S) CTX-M-15 X E XXVII
11 8537 | 8(l) 128 (R) >128(R) 64(R) 0.06(S) 0.06(S) 128(R) >128(R) 4(S)  CTX-M-15 NEG E XIX
12 4145 | 128 (R) >128(R) >128(R) 16(R) 0.25(S) 0.25(S) 2(S) 32 (R) 2(S)  CTX-M-15,TEM-1 | N E XIV

@ CAZ-ceftazidime, CTX-cefotaxime, CRO-ceftriaxone, FEP-cefepime, IMI-imipenem, MEM-meropenem, GM-gentamicin, CIP-ciprofloxacin, TZP-

piperacillin-tazobactam

bR-resistant, l-intermediately sensitive, S-susceptible

The isolation and characterization of the E. coli strains was reported earlier (29)
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