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Carbapenem is a broad-spectrum beta-lactam antibiotic considered the last choice for the treatment of antibiotic-resistant Gram-
negative bacteria. Tus, the increasing rate of carbapenem resistance (CR) in Enterobacteriaceae is an urgent public health threat.
Tis study aimed to evaluate the antibiotic susceptibility pattern of carbapenem-resistant Enterobacteriaceae (CRE) to new and old
antibiotics. In this study,Klebsiella pneumoniae, E. coli, and Enterobacter spp. were collected from 10 hospitals in Iran for one year.
CRE is recognized by resistance to meropenem and/or imipenem disk after identifcation of the collected bacteria. Antibiotic
susceptibility of CRE against fosfomycin, rifampin, metronidazole, tigecycline, and aztreonam was detected by disk difusion
method and colistin by MIC. In this study, 1222 E. coli, 696 K. pneumoniae, and 621 Enterobacter spp. were collected from 10
hospitals in Iran in one year. Fifty-four E. coli (4.4%), 84K. pneumoniae (12%), and 51 Enterobacter spp. (8.2%) were CRE. All CRE
strains were resistant to metronidazole and rifampicin. Tigecycline has the highest sensitivity on CRE and levofoxacin for
Enterobacter spp. Tigecycline showed an acceptable efectiveness rate of sensitivity on the CRE strain. Terefore, we suggest that
clinicians consider this valuable antibiotic to treat CRE.

1. Introduction

Carbapenems were considered as the last choice antibiotic
for the treatment of bacteria, subsequent to the global in-
crease in the rate of multidrug-resistant (MDR) Gram-
negative bacteria, in recent years. Te development of
carbapenem-resistant (CR) Enterobacteriaceae is a greatly
challenging problem because there is no noticeable next line
of antibiotics for the treatment of these kinds of antibiotic-
resistant organisms [1, 2]. Tus, the CDC announces
carbapenem-resistant Enterobacteriaceae (CRE) as an ur-
gent public health threat. Based on the data, antimicrobial-
resistant organisms, such as CRE, can spread among
healthcare providers, patients, and facilities when they are

infected or colonized patients [3]. Terefore, following an
antimicrobial resistance (AMR) change in each region is
essential for determining prevention and therapeutic
strategies.

Growing resistance to carbapenems has increased the
need for the development of new antibiotics. On the other
hand, nowadays, production of new antibiotic has declined
and Te Infectious Disease Society of America (IDSA) an-
nounced that the “pharmaceutical pipeline is drying up” [4].
In this situation, the best way to combat resistant organisms
and save the patients’ life is accurate usage of available
antibiotics.

To date, laboratories do not have any special protocol for
the detection of the antibiotic susceptibility of these

Hindawi
International Journal of Microbiology
Volume 2023, Article ID 8920977, 5 pages
https://doi.org/10.1155/2023/8920977

https://orcid.org/0000-0002-4993-482X
https://orcid.org/0000-0002-3380-9549
https://orcid.org/0000-0002-4225-0097
https://orcid.org/0000-0003-2494-6231
https://orcid.org/0000-0001-7474-2515
https://orcid.org/0000-0003-1723-9424
https://orcid.org/0000-0003-3228-2922
https://orcid.org/0000-0001-7475-0240
https://orcid.org/0000-0001-6054-0656
https://orcid.org/0000-0002-1820-4680
https://orcid.org/0000-0002-2297-4733
https://orcid.org/0000-0002-7216-2530
mailto:leilaazimi1982@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/8920977


organisms. Also, the best clinical management of CRE in-
fections has not been established yet because clinical trials
have never shown the optimal treatment strategies. More-
over, based on evidence, CRE can be susceptible to tige-
cycline and aminoglycosides (mostly gentamicin) and some
old drugs such as fosfomycin and colistin. Terefore, cli-
nicians can use these antibiotics as their drugs of choice for
the treatment of infections caused by such bacteria.

We conducted this study to evaluate antibiotic suscep-
tibility pattern of CRE to new and old antibiotics so that our
knowledge about treatment options for CRE infection is
increased.

2. Material

2.1. Setting and Sampling. In this study, we worked on
K. pneumoniae, E. coli, and Entobacter spp. as the most
important Entrobacteriaceae family isolated from 10 hos-
pitals in 9 cities in diferent areas in Iran during one year.
Tese cities included Tehran, Sanandaj, Esfahan, Gorgan,
Tabriz, Hamedan, Zahedan, Mashhad, and Ahvaz. Te
specimens were sent to the microbial laboratory from dif-
ferent wards of the hospitals such as emergency, ICU, ENT,
gastrointestinal ward, transplant, and urology wards. Te
sources of specimens such as the wound, blood, urine, and
CSF were various as well.

2.2. Bacterial Identifcation. Bacterial strains were identifed
by conventional biochemical and microbiological methods
including Gram stain, TSI, citrate, SIM, and MR/VP. An-
tibiotic susceptibility was determined after confrmed
identifcation.

2.3. Antibiotic Susceptibility Testing. Te CRE strains were
recognized by the determination of resistance tomeropenem
(10 μg) and imipenem disk (10 μg), based on CLSI 2020 [5].
We evaluated antibiotic susceptibility of CRE to fosfomycin,
rifampin, metronidazole, tigecycline, and azteronam by disk
difusion method and MIC for colistin [4] which were
evaluated by microdilution method, based on CLSI protocol
2020 [4]. Susceptibility to tigecyline was evaluated according
to the break point of the Food and Drug Administration
(FDA) [6] because it was not included in the CLSI protocol.

3. Statistical Analysis

Categorical variables were reported as frequency (percent-
age). All analyses were performed using the Statistical
Package for Social Sciences (SPSS Inc., version 21.0, Chicago,
IL, USA).

4. Result

Te specimens were collected (46% female and 53% male).
Also, the age range was between one and 92 years old.
1222 E. coli, 696 K. pneumoniae, and 621 Enetrobacter spp.
were collected from 10 included hospitals in Iran in one year.

Fifty-four (4.4%), 84 (12%), and 51 (8.2%) E. coli,
K. pneumoniae, and Enterobacter spp. were CRE, re-
spectively; then, they were enrolled in this study. All CRE
strains were resistant to metronidazole and rifampicin. Te
colistin-resistant rate was 67.2% in the included bacteria.Te
tigecycline was the most efective antibiotic in the current
study with 62% sensitivity (Table 1). 32.8% of the strains
showed a moderate efect on CRE strains; this was also the
most prevalent percentage of the moderate efectiveness of
the considered antibiotics in this study.

5. Discussion

Antimicrobial resistance is one of the threats to the public
health systems in the world. Based on the literature, the
burden of Gram-negative resistance bacteria as a major
cause of hospital-acquired infection is increasing day by day
[7–9]. For years, carbapenemwas used as one of the last lines
of antibiotic therapy for resistant bacteria, especially ESBL
producing [10, 11]. Resistance to carbapenem leads to se-
rious challenges for physicians and push them to use colistin
as the last option, despite of its nephrotoxic efect. On the
other hand, increased use of colistin can lead to a repetition
of the carbapenems resistance tragedy. In this condition,
physicians should use combination therapy, although there
is no approved protocol for this situation and use of this type
of treatment can increase the rate of side efects.

Subsequently, clinicians have been forced to reexamine
old and new agents for CRE which have been rarely used
because of their side efect or efectiveness, such as poly-
myxins, fosfomycin, rifampin, tigecycline, levofoxacine,
azteronam, and metronidazol. In this study, all CREs
showed resistance to metronidazole and rifampicin. In
another study, researchers pointed to metronidazol as a part
of combination therapy, but our data indicated that they
were not efective in vitro [12]. Zhang et al. reported car-
bapenem plus metronidazole combined can be favorable
therapeutics in K. pneumoniae-induced liver abscess. [13].

Various studies have used rifampin as combination
therapy for drug-resistant Entrobacteriaceae [12]. Tangden
et al. suggested the combination of rifampin-meropenem-
colistin as the best regimen. Data showed a synergistic and
bactericidal efect of this combination against
K. pneumoniae-producing carbapenemase enzymes [14].

Aztreonam was approved in 1986. It is a member of the
monobactam antibiotics family, which is stable to OXA-48
enzymes and metallo-beta-lactamase (MBL) activity but is
hydrolyzed by serine β-lactamases [15].Tus, it has been used
as a treatment for some kinds of carbapenem-resistant
Entrobacteriaceae. In our study, we detected 90.5% re-
sistance pattern against aztreonam. Sader et al. identifed
aztreonam resistant rate is 10.9% in diferent carbapenemase-
producing bacteria [16]. Tis diference in aztreonam re-
sistance rate may be because of diferent carbapenemase-
producing enzymes bacteria in the two studies.

Tat our strain producing serine β-lactamases, such as
extended-spectrum β-lactamases, AmpC, and KPC in
contrast of carbapenemase-producing bacteria were sur-
veyed in Helio et al. study.
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Some reports show that oral and intravenous fosfomycin
is an acceptable option for treatment of CRE [12]. Snayd
et al. reported that 28.3% of carbapenem-resistant Entro-
bacteriaceae were fosfomycin nonsusceptible by CLSI cri-
teria; in our study, this rate was 41.2% [17].

Tis disagreement may be due to the source of speci-
mens, the pattern of antibiotic usage in diferent geo-
graphical areas, and the detection of resistance organisms by
the fosfomycin disk method which is complicated because of
the scattered colony observed inside the inhibition zone that
may decrease the accuracy of this method [18]. In addition,
some researchers reported that disk difusion and Etest have
poor agreement with fosfomycin agar dilution as the ref-
erence method [19]. In our study, the resistance rate to
levofoxacin was 74%; other studies indicate that CRE often
exhibits resistance to structurally unrelated antimicrobial
classes such as fuoroquinolones [12].Tus, we predicted this
high rate of resistance.

Colistin is the last line of antibiotics for the treatment of
CRE [20]. In this study, we detected a high rate of colistin
resistance. To the best of our knowledge, there is no other
study on clinical isolates using the standard method and no
multicenter study on the frequency of colistin resistance
CRE in Iran. Some studies reported the low rate of colistin-
resistant Entrobacteriaceae, such as Aghapour et al.’s study
which reported 3.33% resistance rate from 900 clinical
isolates [21]. While the rate was so low, the detection method
was not based on CLSI recommendation. Pishnian et al.
revealed 0.96% colistin-resistant Entrobacteriaceae from
poultry, not clinical human specimens [22].

On the global surveillance program which was done in
2016, the researcher studied the collected Entrobacteriaceae
from 39 countries and identifed colistin-resistant bacteria.
Unfortunately, there was no data from Iran [23]. Haeili et al.
worked on clinical specimens to fnd colistin-resistant
Entrobacteriaceae in one of the largest referral hospitals in
Iran for 2 years (2016–2017). Tey reported just 20 k.
pneumoniae colistin-resistant isolates. Te data show the
rate of colistin resistance was not so high. Unfortunately, in
our study, we face with some big challenges with these
threatening organisms by 67.2% resistance rate of colistin.
Limitation for choosing the best antibiotics is due to the
increasing rate of colistin resistance and spreading them
around diferent parts of Iran [24].

Tigecycline has a wide spectrum of activity on various
Gram-positive, Gram-negative, and anaerobic organisms as
the primary drug in the glycylcycline class [25]. Although the
FDA [6] endorses cut-of point for interpreting the result of
tigecycline on Entrobacteriaceae family, CLSI does not
recommend any protocol [5]. In our study, based on FDA
recommendation, we found only 5.2% tigecycline-resistant
CRE. To the best of our knowledge, this is the frst report to
evaluate tigecycline susceptibility on CRE in Iran. Stefani
and Dowzicky reported the activity of tigecycline against
Gram-negative organisms in Italy between 2012 and 2014.
Tey showed increased resistance to tigecycin in this period
from 7.4 to 15.8 in MDR K. pneumoniae [26].

Morrill et al. suggest tigecycline as an option for treat-
ment of CRE [12]. Resistance to tigecycline has happened

during therapy of the CRE [27]. Terefore, researchers
recommend that tigecycline should be used in combination
therapy to treat CRE infections to overcome this pitfall.

Because of its bacteriostatic activity and low steady-state
concentrations at usual dosing of tigecycline, it is generally
not suggested for the treatment of bacteremia as a single
therapy [28, 29].

In areas with limited availability of efective drugs for
CRE infections and high rate of susceptibility to tigecycline,
like our situation, it should not be restricted carelessly.

6. Conclusion

As using colistin is the last line of treatment of the CRE
infection, the high rate of colistin resistance in this study is
alarming for the healthcare system in Iran. Fortunately,
tigecyclin shows an acceptable rate of sensitivity on the CRE
strain, which has not been considered before. Tus, we
suggest that clinicians should use this valuable neglected
antibiotic in combination protocol, and also, it should be
better that clinicians do not use broad-spectrum antibiotics
easily, especially in experimental treatment.

7. Limitations

Te limitation of this study was that we did not clarify
whether the isolated bacteria were the cause of colonization
or infection.
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