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Purpose: Cefmetazole (CMZ), a cephamycin antibiotic, is primarily used as a definitive therapy for Extended Spectrum B-Lactamase
(ESBL)-producing Escherichia coli infections. However, the mechanism of CMZ resistance in E. coli is still unknown. To elucidate
the resistance mechanism and to determine combined drugs for prevention of resistance acquisition.

Methods: Clinical isolates of 14 ESBL-producing E. coli and non-producing 12 isolates were used in in vitro testing of CMZ
resistance acquisition. After 10-day of CMZ exposure (1st subculture), these strains were incubated in an antibacterial-free medium for
14-day. These strains were again exposed to CMZ for 10-day (2nd subculture) and confirmed for changes in MIC. For each strain
detected after 1st subculture, each mRNA expression level of porin, chromosomal ampC, and drug-efflux pump was measured using
real-time RT-PCR. Relebactam (REL) has the potency to recover antimicrobial activity against carbapenem-resistant Enterobacterales
that has porin deficiency. REL was added to the CMZ dilution series, and MIC changes and those of porin were confirmed.
Results: Of these 26 strains, 15 strains (57.7%) acquired resistance after 1st subculture, but after passage culture on the antibacterial-
free medium, 11 strains recovered susceptibility. These 11 strains showed resistance after 2nd subculture. The expression levels of
ompF and ompC were significantly decreased in these strains (P<0.05). When REL was added, all strains suppressed resistance
acquisition after 1st subculture. The mechanism was the activation of ompF.

Conclusion: Our results showed that the mRNA expression levels of genes encoding porin were decreased in the strains that acquired
resistance due to CMZ exposure, and that ompF and ompC in particular were thought to be involved in the acquisition of resistance.
The CMZ acquisition of resistance was also suppressed by the concomitant use of REL and actually suppressed the decrease in mRNA
expression in ompF. It was confirmed that porin reactivated by REL.
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Introduction

Escherichia coli is the main causative organism of urinary tract infection.' The intractable cases due to this pathogen
increase; and two reasons are suggested recently. Firstly, biofilm formation attracts attention, and biofilms have
3-dimensional structures which formed on solid surfaces such as indwelling urinary catheters and other devices.
Eradication of the biofilm-formed strain is extremely difficult because they function to protect the bacterial cell from
antimicrobial agents.” Conventionally, though the sterilization by the silver catalyst has been investigated as coping, most
of enough effects are not shown.>* The sterilization technology using the new metal catalyst was reported recently and
the clinical application is expected.’

The second is the emergence of various antimicrobial resistance E. coli. Extended-spectrum-lactamase (ESBL)-
producing strain in particular rages worldwide, and is generally resistant to most penicillin and cephalosporin.® In the
United Kingdom, the strain which further acquired resistance in ciprofloxacin and trimethoprim/sulfamethoxazole was
isolated at high frequency.’

ESBL-producing strain is detected in the world recently, the strain in E. coli of urinary tract origin was reported to be
17.9% in Europe in 2018, and 24% in Japan in 2015.%? Such ESBL-producing E. coli has drawn attention as a cause for
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not only nosocomial infections but also community-acquired infection.'®
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The Infectious Diseases Society of America (IDSA) guidelines for resistant bacteria treatment recommend such as
carbapenem, quinolone, and trimethoprim/sulfamethoxazole as antibiotics to treat infections by ESBL-producing
bacteria.'> Meanwhile in Japan, aside from carbapenem, B-lactam/B-lactamase inhibitor combinations such as tazobac-
tam/piperacillin and tazobactam/ceftolozane are available for use, but the cephamycin antibiotic, cefmetazole (CMZ), is
mainly used. Generally, the first-line drug in serious infections such as sepsis, is carbapenem, while CMZ is often
selected as the initial drug of choice in moderate or mild infections in Japan.'> However, cephamycin has been reported
to acquire resistance during use for some ESBL-producing bacteria.'* The acquisition of resistance due to mutation in
outer membrane protein is suggested as a cause for such failure but details in CMZ remain unknown. In this study, we
elucidate the resistance mechanism and determine combined drugs for the prevention of resistance acquisition.

Materials and Methods

Bacterial Strains and Drugs Used
A total of 63 strains were used: 62 strains of E. coli that were clinically isolated from 6 medical institutions in the Tohoku
area of Japan, and a standard strain of E. coli ATCC 25922. Specimens for these strains originated from urine (55%),
vaginal secretion (37%), and other sources (blood, stool) (8%).

The antimicrobial agent used was cefmetazole (CMZ: Sigma-Aldrich, Tokyo).

The following antimicrobial-containing KB disks (Eiken, Tokyo) were used to screen for ESBLs: ceftazidime (CAZ),
cefotaxime (CTX), ceftazidime/clavulanate (CAZ/CVA), and cefotaxime/clavulanate (CTX/CVA).

Screening of ESBL-Producing Strains and Gene Analysis

The disk diffusion method that conforms to the Clinical & Laboratory Standards Institute (CLSI) was used to check
whether ESBL was produced. Namely, the inhibition circle diameters of CTX and CAZ, the discs for drug susceptibility
testing, were compared to those of the fixed-dose combination with CVA (CTX/CVA and CAZ/CVA). If the inhibition
ring of the compound with CVA extended 5 mm or more than that of a single agent of CTX or CAZ, it was assessed as
a producer of ESBL."”

To ascertain a genotype of ESBL, the ESBL-producing colony was suspended in 500 pL of milli-Q water and then
centrifuged (12,000 rpm, 2 minutes). Centrifugal pellets were spiked with 100 pL of InstaGene Matrix (Bio-Rad,
Hercules, CA), stirred, and incubated for 30 minutes at 56°C. Following heat block (100°C, 8 minutes), supernatant
obtained from centrifugation (12,000 rpm, 3 minutes) was used as the template DNA. Each ESBL gene of the CTX-M-1
group, CTX-M-2 group, CTX-M-8 group, CTX-M-9 group, CTX-M-25 group, CTX-M chimera, GES, TEM, and SHV
was determined by the Cica Geneus® ESBL Genotype Detection KIT 2 (Kanto Chemical Co., Inc., Tokyo). As for the
PCR reaction conditions, one cycle (reaction for 2 minutes at 94°C is followed by 15 seconds at 94°C, 15 seconds at 63°
C, and 40 seconds at 72°C) was repeated for a total of 30 cycles. The PCR product was added to 2% agarose gel and
electrophoresis was performed at 100V for 30 minutes to examine whether a band is present.

In vitro Testing of CMZ Resistance Acquisition

The broth microdilution method was used to determine the minimum inhibitory concentration (MIC) of CMZ against all
63 E. coli strains. E. coli was cultured using Muller-Hinton Agar (MHA: Eiken) at 37°C for 24 hours. Phosphate buffered
saline (PBS) was used to adjust the bacterial solution to McFarland 0.5, and 5 pL of the adjusted bacterial solution was
added to 1.5 mL of the Muller-Hinton broth (MHB: Becton Dickinson, NJ). The obtained solution was inoculated with
100 pL into a dilution series of CMZ prepared in the range of 0.125-256 pg/mL, and incubated at 37°C for 16-20 hours.
The drug susceptibility test results were compliant with CLSI, and it was deemed resistant when the MIC of CMZ was
>64 pg/mL."

In this study, 14 E. coli strains confirmed to be ESBL-producing were used, along with 12 non-ESBL-producing
strains (including ATCC25922 strains) as the control. These 26 strains were divided into CMZ’s MIC: <1 ug/mL group,
and 24 pg/mL group to assess in vitro resistance acquisition. As for CMZ exposure. To a dilution series (2 MIC-1/4
MIC) of CMZ prepared in 96-well microplates, the bacterial solution was added as described above and this was
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incubated at 37°C for 16-20 hours. Surviving strains in 1/2 MIC of CMZ were inoculated into another dilution series and
after similar incubation, the MIC was determined. This operation was repeated for a total of 10 days.

Ten days later, surviving strains in 1/2 MIC were sub-cultured every day into antibacterial-free MHB for 14 days. Finally,
these strains were exposed to CMZ for 10 days, similar to the method described above, to confirm changes in MIC.

Changes in Expression Levels of Porin, Chromosomal ampC, and Drug Efflux Pump
For each strain detected after 10 days of CMZ exposure, each mRNA expression level of porin (ompF, ompC, phoE),
chromosomal ampC, and drug-efflux pump (acrd, yhiV, mdf4) was measured using real-time RT-PCR.

For RNA extraction of each strain, TRI REAGENT™ LS (Molecular Research Center, Inc. OH) was used. The mRNA
expression level was determined by using iTaq Universal SYBR Green One-Step Kit (Bio-Rad) in the CFX Connect™ Real-
time System (Bio-Rad). The sequences of primers used in the study are summarized in Table 1. Each mRNA expression level
was calculated by using the mRNA expression of each wild type as 1 and indicated by fold difference. In this study, the
expression level of each gene was defined as 2-fold or more up-regulated and 0.5-fold or less down-regulated.'®""

Changes in CMZ Susceptibility at the Time of Addition of Relebactam
A total of 10 strains (5 ESBL-producing strains, and 5 non-EBSL-producing strains) were selected: 5 strains that showed
CMZ resistance on Day 5 of in vitro testing of resistance acquisition; and 5 strains that retained susceptibility.

In the in vitro study, relebactam (REL) has effects to recover carbapenem antibacterial activity against carbapenem-
resistant Enterobacterales that has porin deficiency in the outer membrane.>*' Thus, REL was used in this test. REL
was added to the previously described CMZ dilution series, and the broth microdilution method was used to measure
MIC. This operation was continued for 10 days and changes in MIC were confirmed. The concentration of REL in each
well was set at 4 pg/mL, 8 pg/mL, and 16 pg/mL, and changes by concentration were examined.”” The mRNA
expression of porin (ompF, ompC, phoE) was measured using real-time RT-PCR for those strains on Day 5 of CMZ
exposure at the time of REL addition (16 pg/mL).

Statistical Analysis

Statistical analysis was performed to examine the presence or absence of resistance between two groups using the Chi-
square test. The difference in each mRNA expression level was analyzed using the Student’s ¢-test. If the difference was
P<0.05, it was determined as “significantly different.”

Table | Primers Used in This Study

Primer Sequence (5’—3’) Reference
ompF-F AAGTAGTAGGTTGCGCCCAC [10]
ompF-R AGTTCGATTTCGGTCTGCGT
ompC-F ATTCTGGCAGTACGTCGGTC [10]
ompC-R AAACAACTCCTGGACCCGTG
phoE-F CAGGCTTCCACGTCATACAA This study
phoE-R TTATGGTCGTTGGGAAGCTG
ampC-F TCAAACCAGACGGCTTCACA [
ampC-R GTCTGTATGCCAACTCCAGTATCG
acrA-F CTTAGCCCTAACAGGATGTG [12]
acrA-R TCTTTGAAATTACGCTTCAGG
yhiV-F CCGTACCGGTGGTTATTCTC [12]
yhiV-R ATCGATTTATGCGTCGCTTC
mdfA-F CATTGGCAGCGATCTCCTTT [12]
mdfA-R TATAGTCACGACCGAGTTCTTTC
gapA-F GGCCAGGACATCGTTTCCAA [
gapA-R TCGATGATGCCGAAGTTATCGTT
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Results

CMZ Susceptibility and Genotype of ESBL-Producing Strain

The MIC range of CMZ against 62 test strains (wild type) was 0.5—4 pg/mL, and all strains showed susceptibility. Of the
62 strains, ESBL-producing strains accounted for 14 strains (22.6%). Of the 14, 13 strains showed CTX-M type ESBL-
producing genes, and 5 of the 13 strains simultaneously held TEM type genes. The remaining one strain only showed
TEM type genes.

Of the 14 ESBL-producing strains, 6 strains were in the MIC: <1 pg/mL group of CMZ for wild type, and 8 strains
were in the 2—4 pg/mL group. Of the 12 non-ESBL-producing strains selected as the control, 7 strains were in the MIC:
<I pg/mL group and 5 strains were in the 2—4 pg/mL group. Of these 26 strains, 15 strains (57.7%) acquired resistance
after the 10-day CMZ exposure (Figure 1A). The breakdown was that 10 of 13 strains (76.9%) in the MIC: 2—4 pg/mL
group showed resistance, and this resistance rate was significantly higher than that (38.4%) in the MIC: <1 pg/mL group
(P<0.05) (Figure 1A). Figure 1B shows the results in ESBL-producing strains. In the MIC: 2—4 pg/mL group (wild type),
resistant strains began to develop on Day 4 of the exposure, and increased time-dependently. In the MIC: <I pg/mL
group, resistant strains began to develop on Day 6 of the exposure, and increased time-dependently as in the case of the
MIC: 2—4 pg/mL group. On Day 10, resistance rates exceeded 60% in both groups. In the case of non-ESBL-producing
strains, resistant strains began to develop on Day 5 of the exposure in the MIC: 2—4 pg/mL group, but only one strain
increased resistance on Day 10 of exposure in the MIC: <1 pg/mL group (Figure 1C). In other words, on Day 10 of
exposure, significant resistance was acquired in the MIC: 2—4 pg/mL group (P<0.05).

Changes in MIC of CMZ in in vitro Loading Models

Of a total of 26 strains, 15 acquired resistance after 10 days of CMZ exposure (1st subculture), but after passage culture
for 14 days on the antibacterial-free medium, 11 strains recovered susceptibility. The remaining 4 strains (ES-1, —4, —7,
—11) maintained resistance and all of these were ESBL-producing strains (Table 2). All of the 11 strains that recovered
susceptibility showed resistance after re-exposure to CMZ for 10 days (2nd subculture).

After the second 10-day CMZ exposure, resistance appeared in 12 of 14 ESBL-producing strains (85.7%), and 9 of 12
non-ESBL-producing strains (75%). Compared with the first 10-day CMZ exposure, 19 of 26 strains (73%) showed an
increase in MIC by a factor of 2-32 after the second 10-day CMZ exposure. On the other hand, as for 11 strains that
retained susceptibility after the first 10-day CMZ exposure, 6 strains (54.5%) acquired resistance after the second 10-day
CMZ exposure.

Changes in mRNA Expression Levels in Porin, Chromosomal ampC, and Drug Efflux
Pump

In 15 strains that acquired resistance after the first 10-day CMZ exposure (MIC: >64 pg/mL), the expression levels of all porin
genes (ompF, ompC, phoF) significantly decreased as compared with the wild type (P<0.05) (Figure 2). Also, in 11 non-
resistant strains, the expression level of phoFE significantly decreased (P<0.05). In contrast with porin, the expression levels of
acrA, yhiV, and mdf4, which code chromosomal ampC and the drug efflux pump, showed no changes (Figure 3).

Effect of Relebactam Addition to the Susceptibility of Cefmetazole
Five strains (3 strains of the ESBL production and 2 non-production) which acquired resistance after CMZ exposure in
an early stage (five days later) were investigated. The addition of 8 pg/mL REL resulted in the suppression of resistance
acquisition in 3 of 5 strains (60%) after the 10-day CMZ exposure (Figure 4). However, when 16 pg/mL REL was
combined, all 5 strains (100%) suppressed resistance acquisition after the 10-day CMZ exposure. Thus, the resistance
rate was significantly lower than that after the exposure to the CMZ only (P<0.05).

In in vitro testing of resistance acquisition, those strains that increased resistance to CMZ showed susceptibility after
REL was added, and the mRNA expression levels of ompF, ompC, or phoE also increased significantly (Table 3). On the
other hand, those strains that retained susceptibility showed a significant increase only in ompF after the addition of REL.
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Figure | Resistance to in vitro cefmetazole exposure, by MIC group, in E. coli total (A), ESBL-producing E. coli (B), and non-ESBL E. coli (C). The data shows the cumulative
resistance rate and 95% Cl due to everyday cefmetazole exposure.
Note: *P < 0.05.
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Table 2 MIC of Cefmetazole Against Escherichia Coli

Strain MIC (ng/mL) of Cefmetazole
Number

Wild Ist Subculture Cefmetazole 2nd Subculture

Type 10 Days Free for 14 Days 10 Days
<ESBL>
ES-1 | 128 64 512
ES-2 | 4 2 128
ES-3 | 64 2 64
ES-4 | 64 64 256
ES-5 | 4 2 128
ES-6 | 64 16 128
ES-7 2 64 64 256
ES-8 2 64 8 256
ES-9 2 128 16 512
ES-10 2 8 2 32
ES-11 2 64 64 64
ES-12 4 32 2 32
ES-13 4 64 16 64
ES-14 4 256 16 256
<non-ESBL>
EC-1 0.5 8 2 64
EC-2 | 4 4 32
EC-3 | 2 | 16
EC-4 | 4 | 4
EC-5 | 64 2 128
EC-6 | 4 0.5 64
EC-7 2 8 2 128
EC-8 2 64 16 128
EC-9 2 128 8 128
EC-10 4 64 16 128
EC-11 4 64 16 128
ATCC25922 | 32 4 128

Discussion

The resistance of B-lactams to E. coli is triggered by overexpression of B-lactamase and downregulation of porin.?*
E. coli is frequently the causative bacteria in urinary tract and intra-abdominal infections, and the prevalence of E. coli
having ESBL-producing genes has increased in recent years.”> Overuse of carbapenem antibiotics as the standard
treatment of ESBL-producing bacterial infections may lead to an increase in strains resistant to carbapenem. For this
reason, with a view to reducing the use of carbapenem, CMZ, which is effective against ESBL-producing strains in vitro
is often used as a substitute. Some reports indicate results where the therapeutic effects of non-carbapenem antibiotics
can be expected depending on the infected sites.”* In fact, the use of CMZ increased by 21% in the period from 2004 to
2016 in Japan.?

The MIC range of CMZ against ESBL-producing E. coli is reported to be 0.5-4 pg/mL in Japan,? and the same
results were obtained also in this study. After the 10-day CMZ exposure (1st subculture), 57.7% increased resistance in
the study. Particularly against E. coli where MIC of the wild type shows 2—4 pg/mL, significant resistance was acquired
(Figure 1). The MICsy of CMZ against ESBL-producing E. coli (CTX-M-14, —15, =27 type) is <1 pg/mL, and MICyq of
CMZ is reported to be 8 ug/mL, 4 pg/mL, and 4 pg/mL, respectively, showing variation in the MIC distributions.*® In
both groups, more than 60% of ESBL-producing strains showed resistance after 1st subculture. Thus, it was considered
that ESBL-producing strains increased resistance after CMZ exposure regardless of the wild type’s MIC. By passage
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culture in the antibacterial-free medium thereafter, 11 of 26 strains (including 6 ESBL-producing strains) recovered
susceptibility, but showed resistance again after 2nd subculture. This suggests that even if the first administration of CMZ
was effective, it was expected to acquire resistance and ineffective when administered again.
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Table 3 Changes in ompF, ompC and phoE mRNA Expression in Combination with Relebactam and Cefmetazole

Strain Number Wild Type CMZ Subculture 10 Days CMZ With REL (16 pg/mL) Subculture 5 Days

MIC (ng/mL) | MIC (pg/mL) mRNA Expression Level MIC (pg/mL) mRNA Expression Level

(fold) (fold)
ompF ompC phoE ompF ompC phoE

<CMZ resistance>
ES-4 | 64 0.78 0.49 0.37 4 32 8 1.8
ES-8 2 64 0.11 0.23 0.31 2 2.1 1.52 0.3
ES-14 4 256 0.2 0.12 0.49 4 33 27 1.9
EC-9 2 128 0.08 0.2 0.007 2 437 1.6 5.9
EC-10 4 64 0.6 0.9 0.6 4 346 0.65 0.2
<non-resistance>
EC-1 0.5 8 | 0.2 0.1 4 1.7 0.8 0.2
EC-4 | 4 1.7 0.8 0.2 4 5.2 1.5 |
EC-7 2 8 7.5 0.7 0.4 2 27 1.36 0.3
ES-5 | 4 2.17 0.0l 0.54 8 1.4 1.6 0.2
ES-12 4 32 I.1 1.19 0.05 4 2.3 1.1 0.2

Notes: The expression levels of ompF, ompC, and phoE were expressed with each wild type as I.
Abbreviations: CMZ, cefmetazole; REL, relebactam; EC, ESBL-non-producing E. coli; ES, ESBL-producing E. coli.

To elucidate the mechanism of acquiring resistance to CMZ, we examined changes in porin, AmpC B-lactamase, and the
drug efflux pump. On the outer membrane of gram-negative bacteria, a protein, called porin, exists, functioning as a pathway
for essential nutrients and antimicrobials to enter the bacteria and is also involved in the acquisition of resistance in gram-
negative bacteria.”® OmpF, OmpC, and PhoE are major porins in E. coli.”” OmpF is the outer membrane permeation pathway
for many antibacterials, including B-lactams and quinolone, while OmpC has an affinity with positive ions, and PhoE has an
affinity with negative ions and inorganic phosphate.”” The expression status of PhoE is usually inferior to that of OmpF or
OmpC, but the pore diameter of OmpF is 1.2 nm,?® and that of PhoE is 1.0 nm.>? All of these are involved in the uptake of p-
lactams into the bacterial cells.*® Decrease or loss of these porins causes changes in drug susceptibility.®’ In cefoxitin, ie,
cephamycin antibiotic similar to CMZ, there have been reports that a decrease in porin is involved in the acquisition of
resistance to E. coli or Klebsiella pneumoniae.>* In the group that acquired resistance after CMZ exposure, decreases in
mRNA expression levels were confirmed in ompF, ompC, and phoE (Figure 2), suggesting the involvement of porins in
resistance acquisition. PhoE is mainly selected when OmpF and OmpC are deficient in E. coli,”® but in this study, the mRNA
expression level of phoFE in the non-resistant group significantly decreased. It is known that E. coli decrease phoE expression
to skirt the accumulation of secondary metabolic products such as organic acid.*® Despite this phenomenon also being
observed in our experiment, its decreased levels were similar in both groups. Therefore, it was considered that phoF decrease
is little contributed to CMZ-resistance acquisition. In contrast, E. coli upregulate ompF to intake metallic ions.** However,
ompF was decreased in CMZ-resistance acquired group; therefore, it was suggested that this mechanism was strongly
associated with CMZ resistance.

In E. coli, mutation of ompF and possession of ESBL (TEM type of SHV type) contributes to the 4 times raising of
MIC value,*® but in strains that acquired resistance after CMZ exposure, the resistance was not affected by the difference
in genotype. Nevertheless, of the strains that increased resistance to CMZ, 4 strains (ES-1, —4, —7, —11) maintained
resistance even after passage culture without CMZ exposure, and all of them were ESBL-producing strains.

One of the resistance mechanisms for p-lactams is the involvement of AmpC B-lactamase.”>> Cephamycin is not
usually hydrolyzed at ESBL, but it is decomposed by AmpC B-lactamase.*®

Normally, E. coli produces little AmpC, but when the promoter of the ampC gene is mutated,®”** 1-2% of E. coli
produce large amounts of AmpC.?? In this study, we confirmed changes in chromosomal ampC mRNA expression due to

CMZ exposure, but these changes were scant.
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Similarly, the impact of the drug efflux pump is a mechanism to acquire resistance. The main efflux pump is AcrAB-
TolC in gram-negative bacteria, followed by YhiV, and MdfA. The involvement of overexpression of genes that code the
drug efflux pump is suggested in the resistance acquisition of cephamycins.*® In this study, however, we confirmed little
change in the mRNA expression level of the drug efflux pump in the strains resistant to CMZ as compared with the
mRNA expression level in each wild type, and confirmed no relation with the resistance acquisition.

REL used in this study is a p-lactamase inhibitor that blocks B-lactamase, belonging to Ambler class A and class C.*°
REL itself has no antibacterial activity.*' However, REL may have a potency to recover antibacterial activity for
carbapenem-resistant Enterobacterales due to the porin deficiency. Resistance to CMZ confirmed in the study was
suppressed in combined use with REL. Remarkably, all strains did not acquire resistance when REL was added at 16 ug/
mL. This may be due to mRNA deregulation especially in ompF being suppressed and REL having effects to activate
the inflow of antibacterial into bacterial cells by activating ompF. The combined use of REL may be expected to
suppress CMZ’s acquisition of resistance to E. coli. The agent with the porin activator action is not known at present
except REL. However, it was reported that titanium dioxide was effective for sterilization of the drug-resistant gram-
negative bacteria recently.*>** Though the titanium dioxide is not medical supplies, we may expect it as a new porin
activating agent.

Conclusion

The strain of 57.7% of E. coli acquired resistance by in vitro exposure for 10 days of CMZ which was one of the
therapeutic drugs for the ESBL-producing gram-negative bacteria infection. As mRNA expression of ompF decreased
50% in these acquisitions of resistant strains in comparison with that of wild type, this was supposed with a resistant
mechanism of CMZ. Also, this acquisition of resistance was suppressed by the addition of REL. Therefore, the
combination of CMZ and REL may inhibit resistance for E. coli including the ESBL-producing bacteria. Therefore,
further clinical trials are necessary.
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