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strains isolated from intensive care units, inpatient services and outpatient’s clinics: a five
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Abstract

Carbapenem resistance (CR) was rarely reported in Klebsiella pneumoniae and Escherichia coli strains until ten years ago. In recent years, increasing carbapenem
resistance in gram negative bacteria is a substantial concern. Objectives: In this study; we aimed to evaluate the changing frequency of CR in K. pneumoniae and E. coli
strains that were isolated from the patients from intensive care units, inpatient services and outpatients’ clinics in the last five years. Data of antimicrobial susceptibility
belonging to clinical isolates of K. pneumoniae and E. coli strains determined between 2013 and 2017 were retrospectively collected from Laboratory Information System.
Results were statistically analyzed. A total 4002 K. pneumoniae and 13462 E. coli strains were included. The CR of K. pneumoniae strains were found as 11.6%; while of
E. coli’s were found as 0.6%. The highest CR frequency was detected among intensive care units’ isolates of K. pneumoniae as 20.1%. We determined that CR significantly
increased in intensive care unit isolates of E. coli and K. pneumoniae about 5-10 folds throughout the study period; however, there was no remarkable change in the CR
of E. coli strains from the outpatients’ clinics. We determined that the resistances of K. pneumoniae and E. coli strains to carbapenems were progressively increasing by
years, especially in intensive care units and inpatient services. Therefore, appropriate antimicrobial use policies sought to be considered against to this growing problem.
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Introduction

Klebsiella pneumoniae and Escherichia coli are among the most
common human pathogens. These pathogens have the potential
to cause a wide variety of infectious diseases, including; urinary
tract, cardiovascular system, soft tissue, bloodstream, respiratory
tract infections, meningitis, intra-abdominal and genital region
infections [1]. It is reported that K. pneumoniae and E. coli are
responsible for the 32%-51% of all nosocomial infections, and
43%-80% of community-acquired infections [2-4].

Carbapenems are the last group of antimicrobials active against
multidrug-resistant (MDR) gram-negative organisms. They are
particularly indispensable in various life-threatening infections
caused by extended-spectrum (ESBL) and AmpC -lactamase-
producing strains.

Furthermore, carbapenems have excellent tissue distribution and
lower side effects than polymxyins and tigecycline which can be
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used against MDR K. pneumoniae and E. coli. Also, carbapenems
may be used more safely in children’ and adults’ treatments [1,5].

Today, the high proportion of ESBL producing strains has been
limited beta-lactam group of antibiotics. Therefore, in the treatment
of these infections, the importances of carbapenems are increasing.
Thus, in the treatment of ESBL-producing K. pneumoniae and E.
coli strains carbapenems are taking the first choise [5,6].

The evolution of antibiotic resistance in bacteria is directly related
with using of irregular antibiotics. Therefore, in recent years, CR
is increasing rapidly due to irregular using of carbapenems in
these strains [1,7]. The infections caused by CR strains in patients
especially with underlying disease that increases the morbidity
and mortality. And incidences of infections with CR strains are
increasing in the world [5,6].

Carbapenem resistance is often observed with other beta-lactam
antibiotics, aminoglycosides, fluoroquinolones and cotrimoxazole.
Hence it can be increased the selection of MDR microorganisms.
Colonization of hospitals with MDR gram-negative bacteria leads
to treatment problems, long period’s hospitalization and high
treatment costs and also increases the morbidity and mortality [8].
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Antibiotics are often initiated empirically to treatment of infections.
Treatment options can be changed according to reproducing
bacteria and antibiotic susceptibility results. Hence, it is important
to know the antibiotic resistance rates of the strains isolated
from the community or hospital-acquired infections to guide the
empirical treatment.

In this study, we aimed to evaluate and compare the resistance
profile of E. coli and K. pneumoniae strains to carbapenems,
last five years isolated from patients’ in inpatient services (IS),
intensive care units (ICU) and outpatient’s clinics (OC) in our
hospital, retrospectively.

Material and Methods

Study design

CR of the K. pneumoniae and E. coli strains were performed in
2013, 2014, 2015, 2016 and 2017 which were sent from the ICU,
IS and OC in our hospital. Only one strain was included for each
patient in the study.

Identification and susceptibility

K. pneumoniae and E. coli strains were identified by conventional
methods and Maldi-tof MS (BioMérieux, France) from the clinical
specimens. In-vitro antimicrobial susceptibility tests of E. coli
and K. pneumoniae strains to imipenem and meropenem were
determined on the basis of criteria of Clinical and Laboratory
Standards Institute (CLSI) by Kirby-Bauer disk diffusion method
and automated system (Vitek2, BioMérieux, France) [9]. If the
strains were resistant to both or anyone of imipenem or meropenem,
we accepted CR strain. E. coli strain ATCC 25922 was used as a
standard.

Data evaluation

Statistical analyses were performed using SPSS for Windows,
version 13.0 (IBM-SPSS Inc, Armonk, NY). P values were
determined using Chi-Square test.

Results

In this study; we investigated 4002 K. pneumoniae, 13462 E. coli
total 17464 strains among the years 2013-2017. The distributions
of strains to clinics are shown in Table. The resistance of K.
pneumoniae strains were determined to carbapenems; 11.6%
(3.4% vs 18.9%, p < 0.00001), while the E. coli strains resistance
to carbapenems; 0.6% for five years average (0.2% vs 1.1%,
p=0.000031).

Table. The distributions of strains to clinics

Intensive care Inpatient services Outpatient’s clin-

units ics
K. pneumoniae 1830 1282 890
E. coli 2950 5028 5484
Total 4780 6310 6374

The resistances of K. pneumoniae strains isolated from ICU to
carbapenems were found as 20.1% (5.4% vs 36.5%, p=0.01618),
while the E. coli strains were 1.4% (0.5% vs 2.3%, p= 0.008163)
respectively determined according to five years average (Figure 1).
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Figure 1 CR of K. pneumoniae and E. coli in ICU, IS, OC for five years avarage
If we investigated the resistance according to the years; K.
pneumoniae strains were in 2013; 5.4% and in 2014; 7.7%.
However, the resistances were increasing with a peak for
carbapenems significantly as 5-7-fold, 19.7%, 33.1% and 36.5%
in 2015, 2016 and 2017 years in ICU (Figure 2). Similarly,
resistances of E. coli strains increased as 2—-5 fold between 2013
and 2017 (Figure 3).
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Figure 2. CR of K. pneumoniae in ICU, IS, OC according to the years
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Figure 3. CR of E. coli in ICU, IS, OC according to the years

537



doi: 10.5455/medscience.2018.07.8815

The resistances of K. pneumoniae strains to carbapenems, isolated
from IS were 4.4% (2.5% vs 9.7%, p=0.452388), while the E.
coli strains were 0.7% (0.2% vs 1.4%, p=0.001763) respectively
determined according to five years average (Figure 1). Carbapenem
resistance of IS isolates of E. coli as 5-7-fold and K. pneumoniae
as 2-4 fold increased between 2013 and 2017. Resistances of
strains in IS are shown in Figures 2 and 3 according to the years.

The resistance of K. pneumoniae strains isolated from the OC were
found to be; for carbapenems; 1.3% (0% vs 2.4%, p=0.300857)
while the E. coli strains were 0.04% for five years average (Figure
1). Resistances of strains according to the years in OC are shown
in Figures 2 and 3.

Discussion

Asaresult of quickly spreading of ESBL-producing K. pneumoniae
and E. coli strains to all over the world, antimicrobial resistance
has become an issue of public health concern. It is a major factor
contributing to mortality and morbidity in settings with limited
treatment options. Thus, it has led to use of carbapenems antibiotics
as the first choice in the treatment of these strains infections [5].

Carbapenems have the widest spectrum in the class of beta-
lactam antibiotics and are showing rapid bactericidal effect. CR
K. pneumoniae and E. coli strains were being reported rarely
up to ten years ago. In recent years, the infections due to CR
or carbapenemase producing K. pneumoniae and E. coli have
started to be reported very frequently [1]. According to the data
of National Healthcare Safety Networks; the CR of E. coli strains
reported 0.9—4% and K. pneumoniae strains reported 3.6—10.8%,
in 2008 [10].

E. coliis usually the most frequently isolated pathogen from clinical
specimens, while the K. pneumoniae is second most common
pathogen among the Enterobacteriaceae family [8]. K. pneumoniae
and E. coli are regarded as the most important pathogens causing
nosocomial urinary tract system, lungs, cardiovascular system
and soft tissue infections [1]. In the last decade, E. coli and K.
pneumoniae strains have become clinically more important
microorganisms due to increased antibiotic resistance, morbidity
and mortality. The widespread use of antibiotics and the migration
of antibiotic resistance genes between bacterial genus and species
facilitate the emergence of MDR K. pneumoniae and E. coli strains
[1,7].

Carbapenem resistance rates are reaching elevated levels in these
strains which used in empiric treatment especially in ICU. Our study
is one of the rare studies that show the development of resistances
to carbapenems antibiotics over the years, simultaneously compare
in ICU, and in IS and in OC [11].

In our study, CR of K. pneumoniae strains were determined 11.6%,
while the E. coli strains resistances to carbapenems were 0.6% for
five years average. But resistances of K. pneumoniae strains in
ICU were found 20.1%. If we investigate resistance rates in ICU
according to the years, we found 5.4% and 7.7% in 2013 and 2014
years. After 2014 the resistance rates were increased with a peak
as 5-7 folds to 19.7%, 33.1% and 35.6% in 2015 to 2017 years. We
believe that this rapid increase of resistance may be due to either
by excessive and prolonged use of carbapenem group antibiotics
in empirical therapy or by colonization of patients with CR K.
pneumoniae in intensive care unit. Furthermore, we determine
a peak of as 2-5 fold increased to carbapenems against E. coli
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1solates in the ICU between 2013 and 2017.

Gozutok et al. [12] reported resistance rates of carbapenems in
E. coli strains were 6.8%, in K. pneumoniae strains 16.6% in a
study conducted in 2013 in internal medicine ICU. Inci et al. [13]
determined CR of K. pneumoniae 11% and E. coli 5% in ICU.
Ertiirk et al. [14] reported no resistance in K. pneumoniae strains,
but they found resistance to carbapenems 7% for E. coli. We found
the resistances of K. pneumoniae strains isolated from ICU to
carbapenems; 20.1%, while the E. coli strains to carbapenems;
1.4%.

The widespread use of carbapenems in the empirical treatment of
infections to hospitalized patients is rapidly increasing the rates
of resistance accompanying. In our study, we found resistances
of K. pneumoniae strains to carbapenems isolated from IS were;
4.4%, while the E. coli strains to carbapenems; 0.7% respectively
determined for five years. The resistance rates of K. pneumoniae
strains isolated between the years 2013-2017 with the order of
inpatient services; to carbapenems 2.5%, 4.3%, 4.9%, 5.1%, 9.7%
while the E. coli strains to carbapenems; 0.2%, 0.2%, 0.9%, 1.2%,
1.4%. Carbapenems in the empirical treatment of nosocomial
infections despite the rapid increase in resistance is still located in
the first row. According to the results of MYSTIC work carried out
between 2000 and 2003; the resistance rates of Enterobacteriaceae
to carbapenems has been reported 2.4%, in our country [15].
Similarly, there was not found CR in E. coli strains in the results
of HITIT-2 study observed in 2007, while imipenem resistance in
K. pneumoniae strains were found 3.2% [16]. The EARRS-2008
study reported that CR in Turkey was between 1-5% [17].
Numerous studies done in our country; Gozukucuk [18] and
Saglam [19] reported no resistance against carbapenems, Guzel
et al. [20] reported 6.7% CR to ESBL producing K. pneumoniae
and E. coli strains, in 2015. Aykan et al. [21] reported 2.9% CR in
hospitalized patients between 2008 and 2012 in a meta-analysis
study. Similarly, Eser et al. [22] determined 5.7% CR to the ESBL
producing Enterobacteriaceae isolates, in 2014. The CR provided
as 6.1% in SENTRY study that carried out in 42 centers in the
United States [23].

Today, the rapid spread of CR Enterobacteriaceae worldwide
“big players” NDM, KPC and OXA-48 play a significant role.
OXA-48 is often being detected in Turkey and North Africa, KPC
in United States, Israel, Greece and Italy, NDM are frequently in
India [7]. Now it is common to see infections due to CR strains
in patients who are not admitted to the hospital or traveling to
an endemic region. This illustrates need to be more careful in
hospitals to prevent the spread of CR strains and selection. It is
likely that CR strains emerging from the hospital to the community
spread. Therefore, the fact that this type of bacteria can be spread
during the transfers of patients to different health centers must be
strictly observed.

In a rewiev the resistance to carbapenems among E. coli strains
0-3% and 0-5% of Klebsiella strains has been reported between
the years 2000-2010, community-acquired isolates in our country
[24]. Between 2008 and 2012, Aykan and colleagues [21], found
the resistance to carbapenem as 4.12%, in OC in the meta-analysis.
Resistance rates of carbapenems in K. pneumoniae and E. coli
strains are reported to be between 0 to 4.7% in studies conducted
after 2010 [25-27]. In our study, resistances of K. pneumoniae
strains to carbapenems isolated from the OC were found 1.3% for
five years. If we investigate the resistance of K. pneumoniae strains
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year by year; it was determined; 0%, 0.8%, 1.6%, 2.1%, 2.4% as
in the years 2013-2017, respectively. The resistance for E. coli in
2016 was 0.1% and in 2017 0.2%. Our datas for carbapenems were
similar with previous studies. This case suggests that the following
hospital resistant strains can spread to society.

The development of resistances to carbapenems against K.
pneumoniae and E. coli strains are spreading quickly around the
world, especially in the last decade. In our study, the resistances
of K. pneumoniae from ICU, IS and OC that started to increase
from 2014. Also, resistances of K. pneumoniae were particularly
noteworthy that reached very high levels in 2015, 2016 and 2017
as observed in Figures. Similarly, the resistance rates for E. coli
isolates were increasing over 2-7 fold the years.

Conclusion

We determined that; the resistances of K. pneumoniaee and E.
coli strains to carbapenems were significantly increased as 5-10
folds between 2013 and 2017, especially in ICU and IS. As a
result, it is understood that the resistance ratio of carbapenems
for K. pneumoniae and E. coli should be monitored, especially in
hospitalized patients. Because of the carbapenems were the first
choise of treatment in ICU and IS. It should not be forgotten; CR
E. coli and K. pneumoniae strains can cause outbreaks in hospitals
and they may be become hypervirulent strains by winning other
virulence and resistance genes. Therefore, we believe that this
data would be helpful for taking of the necessary infection control
measures to prevent the spread of these strains and the selection of
empirical treatment for community and hospital infections. Also,
it can be show the importance of determining and monitoring
antibiotic resistance profiles for each hospital, periodically.
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