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ABSTRACT units. The leading pathogens were Pseudomonas
‘ aeruginosa (42,1%), Acinetobacter baumannii (31,2%),
Objective: Infections caused by multidrug-resistant (MDR) and Klebsiella spp (22,5%). The highest resistance rate

Gram-negative bacteria and resistance to carbapenems  gnone carbapenems was detected to meropenem (91,6%),

constitute a major public health problem worldwide, due followed by imipenem (44,3%) and ertapenem (25%).

to limited treatment options and high mortality rates. In While ertapenem resistance was significantly lower in

this study, we aimed to determine the resistance profiles o , , ,
> , o neep fies of P aeruginosa strains (p<0,01), meropenem resistance

MDR Gram-negative bacilli isolated from clinical samples T , , . ,
: was significantly higher in A. baumannii strains when

to carbapenems. L
compared to other antibiotics.

Material and Method: Specimens, from which MDR
Gram-negative bacteria were isolated, were cultured onto

5% sheep blood and EMB agar, and VITEK 2 automated to spread rapidly, monitoring resistance profiles through
active hospital surveillance is crucial to determine

Conclusion: Since Gram-negative MDR bacteria continue

system (bio Mérieux, France) was used for identification

and antimicrobial susceptibility testing. Data were the appropriate treatment. The data obtained in this

analyzed using chi-square and Fisher’s exact tests. study once again highlight the importance of resistance
to carbapenems and is considered to contribute to

Results: 1072 MDR bacterial strains were isolated epidemiological data.

from the specimens of 272 patients, with the majority

of transtracheal aspirates (64%) sent predominantly Keywords: Multidrug resistance, gram-negative bacteria,

from palliative care (49.8%) and intensive care (42%) carbapenems.
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COKLU iLAC DiRENCLI GRAM-NEGATIF
IZOLATLARIN KARBAPENEM GRUBU
ANTIBiYOTIiKLERE DiRENC DURUMLARI:
GUNCEL BiR SORUN

OZET

Amac: Coklu ila¢ direncli (MDR) Gram-negatif
bakterilerin oldugu
karbapenem direnci, smirh tedavi yaklasimlart ve
yiiksek mortalite oranlart nedeniyle Dtinya capinda
onemli bir toplum sagligi sorunu olusturmaktadir. Bu

neden enfeksiyonlar  ve

calismada, klinik 6rneklerden izole edilen MDR Gram-
negatif basillerin karbapenem grubu antibiyotiklere
direnc profillerini belirlemek amaclanmuistir.

Materyal ve Metot: MDR Gram-negatif bakteri izole
edilen ornekler, %5 koyun kanli agar ve EMB agar
besiyerlerine ekimi yapildiktan sonra bakterilerin
tanimlanmast  ve antibiyotik duyarhlik  profili
belirlenmesinde VITEK 2 (bio Meérieux, Fransa)
kullanilda.
Fisher's exact testleri kullanarak irdelendi.

otomatize sistemi Veriler Ki-kare ve

Bulgular: 272 hastaya ait 6rneklerden izole edilmis
olan 1072 MDR bakteri susunun c¢ogunlugunu

(%64)
olusturdugu ve siklikla palyatif bakim merkezi
(%49.8) ve yogun bakim Ttniteleri (%42)nden
gonderilmis oldugu saptandi. En sik etkenler,
Pseudomonas aeruginosa (%42,1), Acinetobacter
baumannii (%31,2), Klebsiella spp (%22,5) idi. En
yiksek diren¢ orani meropenem (%91,6), takiben

transtrakeal ~ aspirasyon  6rneklerinin

imipenem (%44,3) ve ertapenem (%25) olarak
belirlendi. P aeruginosa suslarinda ertapenem direnci
anlamli derecede dusitk (p<0,01), A. baumannii
suslarinda ise meropenem direnci diger antibiyotiklere
gore anlamli derecede yiiksek bulundu.

Sonuc:
genelinde hizla yayilmaya devam etmesi nedeniyle,
etkenlerin diren¢ durumunun hastanelerde aktif
stirveyans yoluyla takip edilmesi, uygun tedavi

MDR  Gram-negatif bakterilerin  diinya

seceneginin belirlenmesi acisindan énem arz etmektedir.
Bu calismada elde ettigimiz veriler karbapenem grubu
antimikrobiyallare direncin énemini bir kez daha
vurgulamakta olup, epidemiyolojik verilere katk:
saglayacagl dustintlmektedir.

Anahtar kelimeler: Coklu ila¢ direnci, gram-negatif
bakteri, karbapenemler.

INTRODUCTION

Infectious diseases caused by multidrug-resistant
(MDR) Gram-negative bacteria pose a significant threat
to public health due to limited therapeutic approaches
and high mortality rates. Multidrug resistance is
the resistance of bacteria to more than two of the
antipseudomonal cephalosporins, antipseudomonal
carbapenems, ampicillin-sulbactam, fluoroquinolones,
and aminoglycosides.! Regarding the problem of
resistance, in the early 2000s methicillin-resistant
Staphylococcus aureus (MRSA) was the most important
global problem, whereas today MDR Gram-negative
bacteria are the leading problem.?

According to a study conducted in the United States,
2 million patients contract antibiotic-resistant bacterial
infections every year, resulting in more than 23,000
deaths. Healthcare-associated infections with Gram-
negative bacteria, particularly extended-spectrum beta-
(ESBL)-producing,
Enterobacteriaceae, multidrug-resistant Acinetobacter

lactamase carbapenem-resistant
baumannii, and Pseudomonas aeruginosa, are reported
to be the most common infectious agents.>*

Carbapenems are highly effective antibiotics against
ESBL-producing microorganisms and are frequently
used as the first choice in treatment. However, there

has been an increase in resistance rates over the years,
related to the frequent use of carbapenems.””’

Carbapenem-resistant A. baumannii, P aeruginosa,
and members of the Enterobacteriaceae are critical
priority targets for new antibiotics to fill the gap of
urgently needed treatment options high on the World
Health Organisation Global Priority List of antibiotic-
resistant bacteria developed to guide research,
discovery and development of new antibiotics.®

The aim of this study was to determine the distribution
of MDR Gram-negative bacteria isolated from clinical
specimens and examine their resistance patterns to

antibiotics in the carbapenem group.
MATERIAL AND METHOD
Sample Selection and Inclusion Criteria

MDR Gram-negative bacteria isolated from samples
of hospitalized patients and sent to the Microbiology
Laboratory of Istanbul Okan University Hospital
from various clinics between January 1, 2019,
and December 31, 2020, were included. In this
retrospective study, the data were obtained from the
Laboratory Information Management System and
analyzed by anonymizing the patients. This study was
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approved by the Ethics Committee of Istanbul Okan
University (Decision No. 167, dated June 14, 2023).

Isolation and Identification of Bacteria from
Samples

Clinical specimens were inoculated onto 5% sheep
blood agar and Eosin Methylene Blue (EMB) agar
in the laboratory. After incubation at 37°C for 24
hours, the isolated microorganisms were identified by
conventional methods and the VITEK 2 automated
bacterial identification system (bio Mérieux, France)
according to the manufacturer's recommendations.

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing of the isolated
microorganisms was performed using the VITEK
2 automated system (bio Mérieux, France), and the
results were interpreted according to the criteria of the
European Committee for Antimicrobial Susceptibility
Testing.

Statistical Analysis

The IBM SPSS Statistics 21 package program was used
to analyze the data. The numerical and percentage
distributions of the data were presented. The chi-
square test and Fisher's exact test were used for
statistical analysis, and the p-value was determined
when necessary. The Friedman rank test and Wilcoxon
signed-rank test were used to compare the resistance
rates of each bacterium to different antibiotics in
the carbapenem group. The value of p<0.05 was
considered statistically significant.

RESULTS

Our study included 1072 bacterial strains isolated
from samples of 272 patients. Of the patients, 109
(40%) were female and 163 (60%) were male. The
age range was 1-97 years, with a mean of 65.6 years.

When the distribution of the samples from which
MDR strains were isolated according to the clinics they
were sent was examined, palliative care (49.8%), and
intensive care units (42%) were leading, -including
general intensive care (29.3%), internal intensive
care (10.4%), neonatal and premature intensive care
(1.2%), surgical intensive care (1.1%) (Table 1).

In the evaluation of the type of clinical specimens,
the most common growths were obtained from
transtracheal aspirate (686, 64%) and urine specimens
(185, 17.3%) (Table 2).

Table 1. Distribution of samples from which multidrug-resistant (MOR) strains
were isolated based on the clinics.

Clinics Number (%)
Palliative Care 034 (49.8)
General Intensive Care 314(29.3)
[nternal Intensive Care 112 (104)
Chest Diseases 24(2.2)
Neonatal and Premature Intensive Care 13(1.2)
Surgical Intensive Care 12(1.1)
Neurosurgery 12(1.1)
Nephrology 12 (1.)
Interventional Radiology 10(0.9)
Urology 8
Orthopedics 6(05)
Cardiovascular Surgery 5(04)
Emergency 4(03)
Infectious Disease 3(02)
Medical Oncology 2(0.1)
Neurology 1(0.09)
Total 1072 (100)
Tahle 2. Distribution of clinical samples.

Sample type n (%)
Transtracheal Aspirate 666 (64)
Urine 185 (17.3)
Sputum 48 (4.4)
Wound Swab 68 (6.3)
Blood o7 (53)
Catheter 18 (1.6)
Bronchoalveolar lavage 2(0.1)
Tissue 7(06)
Nasal Swab 1(0.09)
Total 1072 (100)

Out of the isolated bacteria, there were five members of
the family Enterobacteriaceae and two non-fermenting
bacilli, distributed as; 452 (42.1%) P. aeruginosa, 335
(31.2%) A.baumannii, 242 (22.5%) Klebsiella spp.,
23 (2.1%) Proteus spp., 13 (1.2%) Escherichia coli,
4 (0.3%) Enterobacter spp., and 3 (0.2%) Citrobacter
spp.. The distribution of MDR isolates is shown in
Table 3.

Antimicrobial resistance of MDR isolates to the
carbapenems showed the highest resistance rate against
meropenem with 91.6%. Resistance to imipenem and
ertapenem was 44.3% and 25%, respectively. The
isolated strains and antimicrobial resistance rates of the
carbapenem group are shown in Table 4.
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Table 3. Distribution of multidrug-resistant (MDR) isolates.

Bacteria n (%)
Pseudomonas Aeruginosa 452 21
Acinetobacter Baumannii 339 312
Klebsiella spp. 242 205
Proteus spp. 23 21
Escherichia Coli 13 12
Enterobacter spp. 4 03
Citrobacter spp. 3 02

Table 4. Resistance profiles of isolates to antibiotics of the carbapenem group

Bacteria Imipenem Me_rnpenem El‘t?penem
resistance |resistance | resistance

n n (% | n [%n %

Pseudomonas Aeruginosa | 452 | 425 | 9407 | 412 [ 912 | 0 0

Acinetobacter Baumannii | 835 | 1 | 08" | 33 | 100°| 0 | 0
Klebsiella spp. 242 | 33 | 1367 | 213 | 880" | 234 | 967"
Proteus spp. 28 | 11 | 478 | 15 | 6527 16 | 696
Escherichia Coli /| 8 | 231 4 |38 11 |846
Enterobacter spp. 4 2 50 3 5 41100
Citrobacter spp. 3 0 0 0 0 3 | 100
Total 1072 | 475 | 443 | 962 | 916 | 268 | 25

* p<0.01 (the percentage of antibiotic resistance of the bacteria is significantly different from the average
of other bacteria, for marked values)

When resistance rates of P aeruginosa and A.
baumannii to different groups of carbapenem
antibiotics were analyzed, ertapenem resistance was
significantly lower in P. aeruginosa strains compared
with other antibiotics (p<0.01). Meropenem resistance
was significantly higher in A. baumannii strains when
compared to other antibiotics.

DISCUSSION

Despite developments in infectious disease prevention
and control programs, the prevalence of carbapenem-
resistant Gram-negative bacteria and the infections
they cause are increasing, and epidemiological
data change frequently’ Gram-negative pathogens
such as carbapenem-resistant P aeruginosa, A.
baumannii, and the predominant species among
Enterobacteriaceae Klebsiella pneumoniae are the
major causes of hospital-acquired infections, and
account for 40% of hospital-acquired infections in the
intensive care units.'® The majority of antimicrobial-
resistant strains isolated from the patients in the
intensive care and palliative care units in our study
supports this information.

The clinically most important carbapenemases in
Enterobacteriaceae are the class A enzymes of the
KPC type and class B metallo-f-lactamases (MBLs),
represented mainly by the VIM, IMP, and NDM types,
and class D carbapenemases of the OXA-48 type."

A rapid and extensive dissemination of KPC-
producing K. pneumoniae was first noticed in the
United States with low prevalences in Northern
and Western European countries. Among three
MPL families (VIM, IMP, and NDM) which have
international spread, local differences do exist. VIM-
positive K. pneumoniae which was first observed
in Southern Europe, introduced later to Northern
Europe and the United States, being low in isolation
rates. Acquisition of IMP MBLs by K. pneumoniae was
described primarily in Japan, Taiwan and Singapore.
Dissemination of IMP-producing Enterobacteriaceae
in the rest of the world appears to be limited. For
NDM producers, the epicenter of the epidemic is the
Indian subcontinent and also seems to exist in the
central Balkans."

OXA-48-producing K. pneumoniae was first detected
sporadically in Ttrkiye in 2001, soon followed by
hospital outbreaks. About the same time, OXA-48-
positive K. pneumoniae isolates were also identified
in other Middle Eastern and North African countries,
as well as in Western European countries. In Ttirkiye,
OXA-48-producing K. pneumoniae has reached an
endemic level recently '

Among the isolates reported to the National
Healthcare Safety Network (NHSN) in 2006-2007,
carbapenem resistance was reported to be up to 4.0%
for Escherchia coli and 10.8% for K. pneumoniae
isolates.!?

In Turkiye, Turker et al. reported carbapenem
resistance rates of 60% for K. pneumoniae and 41.2%
for P aeuroginosa in 2021."> Akkus et al. reported
carbapenem resistance rates between 2019 and 2021
as 74.8%, 91%, and 62.5% for K. pneumoniae, A.
baumannii, and P aeuroginosa isolates, respectively.'*

National Healthcare-Associated Infections Surveillance
Network (NHAI-NET) reported the
antimicrobial resistance rates in healthcare-associated
infections

summary
in Turkiye as:
A. baumannii (72.60%), carbapenem-resistant P
aeruginosa (34.92%), and carbapenem-resistant K.
pneumoniae (44.26%) for 2019. In the same report,
analysis of this rate in university hospitals was found
as carbapenem-resistant A. baumannii (79.90%),
carbapenem-resistant P aeruginosa (37.37%), and
carbapenem-resistant K. pneumoniae (44.97%)."

carbapenem-resistant
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The leading pathogens in our study were P. aeruginosa
(42.1%), A. baumannii (31.2%), and Klebsiella spp
(22.5%) out of 1072 carbapenem-resistant MDR
isolates within our university hospital.

According to the SENTRY surveillance program,
over 20-years worldwide (excluding Africa and the
Middle East) carbapenem resistance rates utilizing
the Clinical and Laboratory Standards Institute and
European Committee on Antimicrobial Susceptibility
Testing standards were 17.4 and 10.9%, respectively.
Multidrug resistant (MDR) bacteria were most
frequently isolated in Latin America (41.1%), followed
by Europe (28.4%), North America (18.9%) and the
Asia-Pacific region (18.8%). Respiratory samples
were also the most frequent source of carbapenem
nonsusceptible isolates (35.2%), as we detected in
our study.*

MDR rates in the SENTRY program were highest in
2005-2008, which later declined. Similarly, in data
from Europe in 2017, despite intercountry variation
and high carbapenem-resistance rates in Southern
and Eastern Europe, a small but significant decrease
in carbapenem resistance, which may be associated
with the efficient prevention and control programs of
the participating countries, was recorded.'®

A. baumannii is an opportunistic pathogen causing
severe nosocomial infections with a global incidence
rate of approximately 1 million cases annually. Over
the last 30 years A. baumannii has emerged as one
of the most troublesome pathogens and its clinical
significance has been raised due to its ability to
acquire antibiotic resistance which has been reported
worldwide. Currently, 45% of all A. baumannii isolates
are classified as MDR, and according to surveillance
of antimicrobial resistance in Europe, 2017 report,
carbapenem resistance and multiple resistance rates
are reported to be 80% in countries in Southern and
Eastern Europe and high rates in regions such as
South America (40-80%) and Asia (40-60%).17-18

K. pneumoniae, the most common carbapenemase-
of the
worldwide, is solely responsible for the dramatic

producing member Enterobacteriaceae

increase in infectious diseases. According to
studies, the prevalence of infections caused by
carbapenem-resistant ~ Enterobacteriaceae  isolates
varies between 0.04-29.5%. Based on the "Survey
of Carbapenemase-Producing Enterobacteriaceae"
program, the prevalence of carbapenemase-producing
Enterobacteriaceae infections was reported to be 1.3

per 10,000 hospital admissions.'®*°

Studies show that carbapenemase-producing K.
pneumoniae isolates are hospital-acquired. Inter-
hospital and intra-hospital spread is more common
within countries than between countries. Antibiotic
use is an important risk factor for these infections. The
major problemin hospitalized patientsisasymptomatic
gastrointestinal carriage of carbapenemase-producing
Enterobacteriaceae members, which significantly
increases the risk of infections caused by these
pathogens.*"*?

P aeruginosa is a pathogen causing serious treatment
problems associated with higher mortality. Rates of
resistance of P aeruginosa to carbapenems ranged in
European countries from 0% to 66%, in the US 10% to
25%, in South American countries 40%, and in Asia-
Pacific countries <10-50%. Intrinsic/chromosomal-
mediated resistance mechanisms play a major role in
carbapenem resistance. Typical resistance mechanisms
are low outer membrane permeability, expression
of efflux pumps and the production of antibiotic-
inactivating enzymes. Acquisition of resistance genes
contribute only slightly to resistance.'®
Carbapenems are the most effective broad-spectrum
antibiotics against Gram-negative bacteria. However,
carbapenem resistance in Gram-negative bacteria
leads, decreasing treatment options with prolonged
hospital stay, and increasing mortality rates. Increasing
carbapenem resistance limits successful therapeutic
cure, and antimicrobials such as tigecycline and
colistin, which have limited use in some patient
populations, need to be added to treatment regimen.?

According to the results of the studies of Kizirgil et al. in
2005, meropenem, and Yetkin etal.in 2006, imipenem,
showed 100% activity against the isolates.**** In our
study, resistance to meropenem was 91.6%, followed
by imipenem (44.3%), and ertapenem (25%). We also
detected differences in carbapenem resistance related
to isolates. Ertapenem resistance was significantly
lower in P. aeruginosa isolates (p<0.01), meropenem
resistance was significantly higher in A. baumannii
isolates compared to other antibiotics.

In the annual reports of NHAI-NET in Turkiye,
resistance rates to antibiotics in the carbapenem group
are analyzed under a single heading as carbanemes."”
Based on the significant differences found between
the resistance rates of P aeruginosa and A. baumannii
strains to different members in the carbapenem group
in our study, we suggest the antimicrobial resistance
surveillance data to be evaluated for each member of
the carbapenems separately, as average values under a
single topic may not reflect the real ratios.
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CONCLUSION

In conclusion, carbapenem-resistant Gram-negative
bacilli are spreading rapidly worldwide, and new
therapeutic agents need to be developed. To eliminate
these pathogens, it is important to conduct prevalence
and incidence studies, and detect the reservoirs,
control the transmission dynamics, limit the excessive
use of antibiotics during treatment which accelerates
development of multidrug-resistant strains and know
the distribution and present resistance patterns of
Gram-negative isolates for each healthcare institution.

hospital to hospital, and even between different units
of the same hospital. Therefore, regular monitoring
of rates and resistance profiles of infectious agents,
especially nosocomial Gram-negative bacteria, will be
helpful for empiric treatment.
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