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Abstract

Microbial resistance is a rapidly escalating phenomenon worldwide, with complex mechanisms and important
involvement in the determinants of healthcare-associated and in-hospital infections. At European level, it is
estimated that 80.000 hospitalised patients have at least one HAI every day with multi-antimicrobial resistant
germs, leading to an extension of hospital stay by 16 million days every year. In high-income countries, the
prevalence is around 7.5%, and in low- and middle-income countries, the prevalence ranges from 5.7% to 19.2%.
Material and method. Through a retrospective, descriptive study carried out in the Clinc Emergency Hospital
,,Prof.Dr. Nicolae Oblu" in lasi, Romania in the period 2020-2021, the 602 identified and reported intra-hospital
infections were investigated, focusing on the etiology and microbial resistance of the pathogens involved.Results.
The most frequent etiological agents of HAI identified in our study were K. pneumoniae (13.45%), A.
calcoaceticus (10.11%), S. aureus (8.45%), E. coli (7.62%), P. aeruginosa (5.47%), noting the predominance of
Gram-negative bacteria (GN) and the fact that they are part of the ESKAPE group of pathogens, the percentages
obtained being similar to the European average. Klebsiella pneumoniae (13.45 %) was the most common in the
aetiological palette of HAIs, allowing us to highlight certain peculiarities regarding its antimicrobial
resistance.Conclusions. The present study provides useful data for monitoring the resistance of pathogens
involved in HAIs at hospital level, for guiding antibiotic therapy in healthcare-associated infections and for
substantiating the implementation of a set of measures related to antibiotic therapy and antibiotic prophylaxis.

Keywords:multidrug-resistant bacteria, Klebsiella pneumoniae, neurosurgery, healthcare-
associated infections.

INTRODUCTION were obtained from a 2018 European study
that revealed a national prevalence of 2.6%,
Healthcare-associated infections (HAIS), equivalent to 100,000 cases registered
synonymously  known as  nosocomial annually.
infections or intra-hospital infections, are a With the entry into force of the Ministry of
major public health problem worldwide with Health Order 1101 of 2016, the reporting rate
their considerable impact on morbidity, of HAI has increased, but the prevalence
mortality and costs. In 2016 and 2017, ECDC value is still far from the European average of
reports approximately 8.9 million HAIs per 7.1%, and strategies need to be implemented
year across EU/EEA countries, of which 4.5 to improve surveillance, prevention and
million HAIs in hospitals[1]. containment of nosocomial infections and to
In Romania, the incidence and prevalence of address the causes leading to their
healthcare associated infections (HAIs) are underreporting [2,3]
grossly underestimated due to Klebsiella are significant human pathogens,
underreporting, with only 0.2-0.25% in frequently resistant to multiple antibiotics,
official reporting. Data with higher accuracy and recently, ectopic colonization of the gut
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by oral Klebsiella was documented to induce
dysbiosis and inflammation [4].

Oral K. pneumoniae was recently shown to
induce inflammation and dysbiosis in the gut
after ectopic colonization, and it was
hypothesized that the oral cavity provides a
reservoir for would-be intestinal pathogens,
such as Klebsiella [5].

One of the causes identified for the increased
number of HAIs in Romania would be
multidrug resistant (MDR) bacteria, which
have a high risk of transmission due to high
pathogenicity, undersized accommodation
and patient care facilities and poor isolation
of those colonised with MDR. Highly
pathogenic MDR bacteria are carbapenem-
resistant Enterobacteriaceae [2]
Multidrug-resistant bacteria are frequently
encountered as the etiology of healthcare-
associated infections (HAISs) or nosocomial
infections (approximately 20%), associated
with increased mortality, the notorious ones
being: Methicillin-resistant Staphylococcus
aureus (MRSA); Vancomycin-
resistant/Vancomycin-intermediate
Staphylococcus  aureus  (VRSA/VISA);
Enterobacteriaceae  producing extended-
spectrum beta (B) lactamase (ESBL);
Enterobacteriaceae producing
carbapenemases  (CRE);  Vancomycin-
resistant Enterococcus (VRE); Pseudomonas
MDR [3]

Antimicrobial resistance is another important
global public health problem, closely linked
to that of HAIs as these infections are often
caused by antibiotic-resistant germs [6], and
the emergence of HAISs increases the risk of
developing resistant strains[7].

Frequent use of antibiotics over a long period
of time has caused some bacteria to develop
antibiotic resistance [8]. In the absence of a
global intervention to curb untimely and
long-lasting antimicrobial therapies,
infections with antibiotic-resistant
microorganisms are expected to become the
leading cause of death by 2050, surpassing
cancer mortality in developed countries [9].
Furthermore, aside from being a substantial
pathogen in its own right, evidence is
accumulating that K. pneumoniae serves as a
key trafficker of drug resistance loci from the
environment to human pathogens [10,11]
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Contaminated hospital surfaces, particularly
sinks, have been the source of outbreaks of
multidrug-resistant Klebsiella [12].
MATERIAL AND METHOD. A
retrospective  descriptive  study  was
conducted in which the 602 healthcare-
associated infections identified and reported
in the Hospital of Neurosurgery "Prof. Dr. N.
Oblu™ in the period 2020 - 2021 were
analyzed, aiming to identify the top 5
etiological agents and their antibiotic
resistance profile.

The case definitions for HAIs were taken
from the "Commission Implementing
Decision (EU) 2018/945 of 22 June 2018 on
communicable diseases and related special
health issues to be covered by
epidemiological surveillance, as well as

relevant case definitions” and ECDC.
Antibiotic ~ susceptibility  testing  was
performed using the Kirby- Bauer

diffusimetric method on Mueller-Hinton
culture medium and the microdilution
method for MIC determination  of
Vancomycin and Colistin according to
EUCAST 2019 standards.

RESULTS. In the etiological palette of intra-
hospital infections in our study, Klebsiella
pneumoniae (13.45%) was ranked first,
followed by Acinetobacter calcoaceticus
(10.11%), Staphylococcus aureus (8.45%), E.
coli (7.62%), Pseudomonas aeruginosa
(5.47%), with a predominance of Gram
negative (GN) bacteria, with percentages
similar to the European average.

1. Data related to distribution by reporting
year, sex, age, ward, detection interval and
type of HAI

Of the 81 cases of HAIs with K. pneumoniae,
19 (23.45%) were reported in 2020 and 62
cases (76.54%) were reported in 2021.
Patients presenting with HAIs with K.
pneumoniae were aged between 20 and 86
years, predominantly those in the age range
70 - 80 years (24.69%). In terms of gender
distribution, they were more frequently
diagnosed in males (48 cases, 59.25%)
compared to females (33 cases, 40.74%).
The distribution of nosocomial infections
with K. pneumoniae by hospital wards, in
order of their frequency was as follows: the
ATI ward reported the most cases (53 cases;
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65.43%), followed by the Neurosurgery ward
(NC)- 17 cases; 20.98% and the Neurology
ward (N) -11 cases; 13.58%.(Fig.1)

O Intensive therapy

B Neurosurgery H Neurology

Fig.1. Distribution of HAIs caused by K. pneumoniae in hospital wards

The time interval from admission to detection
of nosocomial infection with K. pneumoniae
ranged from 4 to 64 days, with the majority
being identified between day 5 and day 20 of
admission (65.43%) (Fig. 2).

The type of HAI with K. pneumoniae most
common was urinary tract infection (UTI),
evidenced in 55 cases (67,9%), followed by
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lower respiratory infection (LRRI)- 12 cases
(14,81%), sepsis - 5 cases (6,17%),
Intubation-associated pneumonia (IAP) - 4
cases (4,93%), post-operative meningitis
(POM) - 2 cases (2,46%), Peripheral venous
catheter infection (PVCI) - 2 cases (2,46%)
and surgical incision infection (SII) detected
in 1 case (1,23%). (Fig.3)
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Fig.2.Distribution of cases of HAIs with K. pneumoniae according to days of detection/reporting
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Fig.3. Distribution of K. pneumoniae isolates according to the type of HAI determined

1.2. Antibiotic resistance of K. pneumoniae
isolates involved in HAISs.

DOI : 10.62610/RJOR.2024.1.16.19

Of the 81 K. pneumoniae isolates: 28
(34.56%) were MDR (multidrug-resistant),
66 (81.48%) were ESBL-producing and 59
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(72.83%) were CR (carbapenem-resistant).
According to annual reporting by HAISs, in
2020 of the 19 isolates: 12 (63.15%) were
considered MDR, 16 (84.21%) were
ESBL/BLSE-producing and 68.42% were

RC. In 2021 there is a decrease in MDR
variants (only25.8%), the number of ESBL-
producing strains is stationary and there is
also a slight increase in the number of RC
strains (75.8%) (Table 3) and (Fig. 4)

Table 3. Number of strains producing ESBL, RC and MDR

Isolated number K. pneumoniae 2020 — 2021

Total=81

59

Percent

72,83%

Isolated number K. pneumoniae 2020

Total=19

Percent

RC

13

68,42%

Isolated number K. pneumoniae 2021

Total= 62

Percent

RC

47

75,8% 1
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Fig.4. Antibiotic resistance profile (BLSE, RC, MDR) of K. pneumoniae strains compared between 2020 and

K. pneumoniae spp. producing ESBL strains
retained their susceptibility to the following
antibiotics: Most were  sensitive to
Ceftazidime (CAZ) (94.11%), more than half
to Amikacin (AK) (59.37%), followed by
Imipenem (IPM) (26.66%), Gentamicin (G)-
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26, 56%, Meronem (MEM)-23.8%,
Tazobactam (TZP)-12.69%, Ciprofloxacin
(CIP)-12.5%), Trimetroprim (TMP-SXT)-
10.16%, Levofloxacin (LEV)-9.52%,
Ertapenem (ETP)-3.12%. (Fig 5).
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Fig.5. Antibiotic susceptibility of ESBL-positive K. pneumoniae strains involved in the aetiology of HAIs in the
period 2020-2021

In 2020, of the 19 strains reported, 16 Klebsiella pneumoniae (KPRC) showed
(84.21%) were ESBL positive, and in 2021, antimicrobial susceptibility to: CZA (46/48;
46 of 58 K. pneumoniae strains (79.31%) 95.83%), G (12/57; 21.05%), AK (31/57;
were ESBL/BLSE producing. 54.38%), TMP-SXT (6/53; 11.32%) (Fig 6).

Carbapenem resistance was recorded in
72.83% of the strains. Carbapenem-resistant
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Fig.6. Antibiotic susceptibility of KPRC strains involved in the aetiology of HAIs from 2020-2021

In 2020, of the 19 strains reported, 13 (6.42%) mean age of patients infected with these
were RC, and in 2021, 43 of 58 strains of K. strains was 58 years, and the mean time
pneumoniae (74.13%) were RC. interval from admission to HAIs detection
MDR K. pneumoniae strains were was 19 days (most infections reported
present in 28 cases (34.56%) of HAIs. The between day 20-24 of hospitalization) (Fig 7).
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Fig. 7. Distribution of HAIs cases with K. pneumoniae MDR according to days of detection/reporting

MDR strains were isolated most frequently Neurology and Neurosurgery with 10.71%.
from the wards: ATI -78.57%, followed by They remain most frequently involved in UTI
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(60.71%), followed by IRI (21.42%), sepsis
(10.21%), 1IC and MPO (3.57%). Most
strains retain sensitivity to CZA (88.88%)
and a few MDR strains to aminoglycosides
(AK 14.28%). In 2020, of the 19 strains
reported, 12 (63.15%) were MDR, and in
2021, 16 of 62 K. pneumoniae strains
(25.8%) were MDR.

1.2.1. Antibiotic resistance to beta-lactams
The antimicrobial resistance to Betalactamins
of K. pneumoniae strains responsible for
AMR from 2020-2021 was 88.9%.

Antibiotic resistance to broad-spectrum
penicillins:  Piperacillin with tazobactam
(TZP), a ureidopenicillin combined with a
beta-lactamase inhibitor, was tested for 78
out of 81 samples. It showed a 73.07% TZP
resistance rate. In 2020 the TZP resistance
rate of the strains is 70.58% and in 2021 it is
73.68%.

b) Cephalosporin class. Antibiotic resistance
to 2nd  generation  cephalosporins.
Cefuroxime (CXM) was wused as a
representative of this class. Sensitivity to
CXM was tested for 72 out of 81 cases. Sixty-
three of the K. pneumoniae strains (87.5%)
were found to be resistant. In 2020 the
percentage of resistant strains is 88.88% and
in 2021 it is 86%.

Antibiotic resistance to Cephalosporin 11l and
cephalosporin 11 associated with beta-
lactamase inhibitor. Susceptibility testing of
these showed the following antimicrobial
resistance percentages: 87.34% of strains
were resistant to CAZ (in 2020 the prevalence
of CAZ-resistant strains is 83.33% and in
2021 it is 87.71%), 90.9% were resistant to
CFP, and 87.5% of K. pneumoniae tested
were resistant to ceftibuten (CBT); 84.81% of
K. pneumoniae strains are resistant to CRO
(in 2020 a percentage of 77.7% of strains
were resistant to CRO and 85.96% in 2021).
Ceftazidime susceptibility testing with
avibactam (CZA), a third-generation
cephalosporin  combined with a beta-
lactamase inhibitor, was performed on 58
cases, revealing a percentage of CZA-
resistant strains of 5.17% (3 strains). All 3
CZA-resistant strains were reported in 2020,
2 of which were resistant to all classes of
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a) Penicillin class. Antimicrobial resistance
to Aminopenicillins and aminopenicillins
associated with a beta-lactamase inhibitor:
AMP testing identified 100% resistance.
From the class of aminopenicillins associated
with beta-lactamase inhibitor, AMC and
AMS were tested in 78 out of 81 samples.
Resistance to AMC was observed in 68 cases
(87.17%) and resistance to AMS was present
in 66 cases (84.61%). In 2020 the prevalence
of resistance to both AMC and AMS was
82.35% and in 2021 it was 87.71% and
84.21% respectively.

antibiotics tested (PDR). In 2021, there were
no cases of IAAM with CZA-resistant K.
pneumoniae.

c) Carbapenems class. Carbapenem
sensitivity testing of K. pneumoniae strains
revealed the following antibiotic resistance
rates: 56.41% of strains were resistant to
MPI, 59.25% to MEM and 89.47% of strains
to ETP . In 2020 there was a 62.5% resistance
rate to MPI and in 2021 a 54.54% resistance
rate.

d) Monobactam class. Resistance to
Aztreonam (AZT) was identified in 85.29%
of K. pneumoniae strains. In 2020, AZT
resistance was 85.71% and in 2021 it was
86.66%.

1.2.2. Antibiotic resistance to Chinolone
Of the 81 K. pneumoniae isolates tested,
69.1% were resistant to quinolone, similar to
resistance to Betalactam.

Ciprofloxacin susceptibility testing (CIP)
revealed that 81.01% of K. pneumoniae
strains  were  resistant.  Antimicrobial
resistance to Levofloxacin (LEV) was similar
to CIP resistance at 79.22%. In 2020,
quinolone resistance was present in 82.35%
of strains for CIP and 88.23% for LEV, and
in 2021, 82.25% for CIP and 78.83% for
LEV.

1.2.3. Aminoglycoside resistance
Sensitivity to Gentamycin (G) was shown in
50 of the K. pneumoniae strains (64.1%).
Similar  results were observed for
Tobramycin (TOB)- 63.63%. Amikacin (AK)
susceptibility testing showed that the
majority of K. pneumoniae strains (64.94%
representing 50 cases) are susceptible to AK,
only 32.46% (25 cases) of strains show
resistance, and 3 strains (3.89%) show
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intermediate  resistance. In 2020, the
resistance of K. pneumoniae strains to
aminoglycosides. was: 88.23% for G, 64.7%
to AK, and in 2021 a value of 59.01% for G
and 24.59% to AK is reported.

1.2.4 Antibiotic resistance to Sulfamides
Trimethoprim/Sulfamethoxazole
(TMP/SXT) susceptibility testing showed a
resistance of K. pneumoniae strains of
77.02% (57 cases). In 2020, TMP/SXT
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DISCUSSION. K. pneumoniae is a major
cause of in-hospital infections, accounting for
approximately 10% of them [8-11]. It is also
part of the top 3 pathogens of international
concern, documented in 2017 in the WHO
Global Priority List of Antibiotic-Resistant
Bacteria for Guidance, Research, Discovery
and Development of New Antibiotics. [12] In
Eastern, Central and Southern Europe, an
increase in the frequency of K. pneumoniae
infections resistant to third-generation
cephalosporins,  fluoroquinolones  and
aminoglycosides is evident.

ESBL-producing Klebsiella pneumoniae. The
management of infections caused by
antibiotic-resistant K. pneumoniae is difficult
because of intrinsic and acquired resistance to
broad-spectrum antibiotics (e.g.
betalactams)[10]. ESBLs are enzymes that
confer resistance against betalactams, a class
of antibiotics commonly used in clinical
practice. [12,13]

K. pneumoniae is considered naturally
resistant to ampicillin and carbenicillin.
[14,15].To date, more than 400 types of
ESBLs are known [16,17].
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resistance of K. pneumoniae strains isolated
from HAISs patients was 78.57% and in 2021
80%.

1.2.5. Antibiotic resistance to Nitrofurans
Nitrofurantoin (NIT) susceptibility was tested
in 45 out of 81 cases (UTI-HAIs cases only).
It was found that 88.88% of K. pneumoniae
strains (40 cases) were resistant, and only
11.11% (5 cases) were susceptible.

Fig.8. Resistance to different classes of antibiotics
of K. pneumoniae isolates involved in HAls , period
2020-2021

A meta-analysis conducted in 2021, which
included 47 studies, found 91.49%
betalactam resistance in K. pneumoniae
implicated in healthcare-associated
infections[20].

Another retrospective study conducted from
2016 to 2020 in a tertiary center in China,
aiming to observe the trend of antibiotic
resistance profile of K pneumoniae isolated
from 396 blood cultures from patients
diagnosed with healthcare-associated sepsis,
mentions 61.4% resistance to Ampicillin with
sulbactam, 42.1% to Ceftazidim, 59.64% to
Cefotaxime, 59.64% to Ceftriaxone, 50.87%
to Aztreonam. [18].

A study in Portugal, conducted on 81 isolates
of K. pneumoniae from urocultures collected
between January-March 2010, aiming to
compare the antibiotic resistance profile of
strains involved in community UTIs and
those involved in healthcare-associated UTIs,
showed the following percentages of beta-
lactam resistance of nosocomial strains (31
samples): 93.5% for Ceftazidim, 87.1% for
Cefotaxime, and 64.5% for Amoxicillin
clavulanate[12].
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Carbapenem-resistant Klebsiella
pneumoniae. Carbapenems are the most
commonly used class of antibiotics for the
treatment of ESBL-producing K. pneumoniae
infections and are a last choice of antibiotic
therapy for infections with this pathogen
[9,10]. In 2018, at European level, K.
pneumoniae resistance to carbapenems
(backup antibiotic) ranged from 0% to 63.9%,
with the highest prevalence in Greece,
followed by Romania (29.5%) and Italy
(26.8%) [9] .

A retrospective study from China conducted
from 2016 -2020 shows a prevalence of
carbapenem resistance of K. pneumoniae
involved in healthcare-associated sepsis of:
36.84% to imipenem and 35.08% to
meropenem. [18,21].

At the national level, a study conducted in
Romania, Craiova County Hospital between
2017 and 2019 on 251 strains of Klebsiella
spp. isolated from patients with in-hospital
infections found a resistance to meropenem
of 27.78% [8]

Fluroquinolone-resistant Klebsiella
pneumoniae. Fluoroquinolones, antibiotics of
synthetic origin, are extensively used in
clinical practice due to their broad-spectrum
activity against a wide range of important
pathogens and excellent tissue penetration.
Klebsiella pneumoniae is one of the main
fluoroquinolone-resistant Enterobacteriaceae
[22,23]

In the study by Cao Z et al. On 396 positive
blood cultures from patients with healthcare-
associated sepsis for K. pneumoniae, it
reveals a strain resistance to ciprofloxacin of
54.38% and 40.35% to levofloxacin. [18] .
At national level, the same study conducted
in the County Hospital of Craiova on 251
strains of K. pneumoniae from patients with
healthcare-associated infection revealed a
resistance to Ciprofloxacin of 30.57%. [8].
A study of patients diagnosed with HAIs
admitted to the ICU of a hospital in Saudi
Arabia reports a 64.2% resistance to
Ciprofloxacin, 63.2% to Levofloxacin, 68.9%
to Moxifloxacin and 40% to Norfloxacin of
isolated K. pneumoniae strains [24].
Aminoglycoside-resistant Klebsiella
pneumoniae. At European level, an average
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In 2021 ECDC publishes a report based on
data from EARS-Net, in which it
differentiates between the North-West
European region (14 out of 45 countries,
31%) where carbapenem resistance of K.
pneumoniae is estimated to be less than 1%,
and the other countries: of which 15 (33%)
report a prevalence of 25% or higher, of
carbapenem-resistant ~ strains  of K.
pneumoniae and 8 countries (18%) record a
percentage greater than or equal to 50%.
[19,20]

prevalence of aminoglycoside
(gentamicin/netilmicin/tobramycin)-resistant
K. pneumoniae strains of 23.7% (between 0
and 67%) is reported for the year 2020
[19,25].

At national level, in the Craiova County
Hospital, the same study reveals an Amikacin
resistance of 13.5% of Klebsiella spp. strains
(8]

As an aside, our study retrospectively
spanned the pandemic period 2020-2021 and
thus various HAIs with MDR type K germs
were reported. pneumoniae, in patients
infected with SARS-CoV-2, who presented a
high degree of immunosuppression, leading
to a thrawn evolution of HAIs and implicitly
more days of hospitalization [26-28].

MDR bacteria, which generate intra-hospital
infections and thus microbial antibiotic
resistance, can be combated with broad-
spectrum  antibiotics:  third generation
cephalosporins,  colistin,  carbapenems,
ceftriaxone, which can be more easily
transported in the body with the help of
transport nanoparticles, penetrating down to
the cellular and molecular level. Their action
is potentiated by probiotics, in order not to
cause gastrointestinal disorders. [37 - 47]

In limiting and controlling intra-hospital
infections, there must also be a concern for
decontamination of the hospital environment
with appropriate methods and biocides [48-
50].

CONCLUSIONS. The most common type of
HAI with K. pneumoniae was UTI (67.9%),
and 65% of infections were detected in the
ICU. Of the K. pneumoniae isolates: 34.56%
were MDR; 81.48% were ESBL-producing;
72.83% were resistant to carbapenems,
69.1% were resistant to fluoroquinolones and
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30.9% to aminoglycosides. There is a antibiotic therapy in healthcare-associated
decrease in MDR strains from 63.15% in infections, and can form the basis for
2020 compared to 25.8% in 2021. implementation of antibiotic therapy and
The study provides useful data for antibiotic prophylaxis measures at national,
surveillance of resistance of pathogens European and global levels.

involved in HAIs at hospital level, for guiding
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