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Abstract

Introduction: Antimicrobial resistance in bloodstream infections is an important clinical challenge. The impact of the coronavirus disease 2019
(COVID-19) pandemic on antimicrobial resistance remains a subject of ongoing debate. This single-center study aimed to analyze Gram-
negative bacteria (GNB) isolated from blood cultures and evaluate changes in antimicrobial resistance between the pre-pandemic (March 2018—
February 2020) and pandemic (March 2020-February 2022) periods.

Methodology: Blood culture data collected over 4 years were retrospectively analyzed using the BACT/ALERT 3D system. Bacterial
identification was conducted with the VITEK® 2 compact system, and antimicrobial susceptibility testing was performed according to the
European Committee on Antimicrobial Susceptibility Testing (EUCAST) criteria.

Results: Of 1,668 positive blood cultures, 38.3% yielded GNB. There was an increase in Gram-negative isolates during the pandemic, compared
to the pre-pandemic period (55.9% vs. 44.1%). Resistance changes were detected in extensive antibiogram analyses in which 18 different
antibiotics were studied for the 4 most frequently isolated species, Acinetobacter baumannii, Escherichia coli, Klebsiella pneumoniae, and
Pseudomonas aeruginosa. During the pandemic period, resistance to amoxicillin/clavulanic acid, ampicillin, ampicillin-sulbactam, ceftriaxone,
and cefuroxime decreased; while resistance to amikacin, levofloxacin, and cefepime increased; except in Escherichia coli.

Conclusions: K. pneumoniae remained the most frequently isolated bacterium in both periods, while A. baumannii showed a significant increase
during the pandemic. The 2.6-fold increase in 4. baumannii may have been caused by the increased use of broad-spectrum antibiotics during

the pandemic. These findings reflect data from a single hospital and should be validated by further multicenter studies.
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Introduction

Bacteremia is a serious health concern that may lead
to hospitalization and is associated with increased
morbidity and mortality. Therefore, rapid diagnosis and
treatment are critical for improving patient prognosis.
Prompt identification of causative microorganisms
through blood cultures and initiation of targeted
antimicrobial therapy based on susceptibility results
play a crucial role in reducing hospital stay and
morbidity, while increasing survival rates [1]. Gram-
negative bacteria (GNB) are among the most frequently
isolated pathogens in cases of bacteremia. The
management of GNB infections is becoming
increasingly challenging due to the resistance
mechanisms these organisms have developed.
Treatment is typically initiated empirically [1]. It is
essential for centers to regularly monitor the
distribution of bacteremia-causing microorganisms and
their antibiotic susceptibility to guide empirical
treatment, enable more appropriate antibiotic use, and
help prevent resistance [2].

Antimicrobial resistance (AMR) has emerged as
one of the most pressing global health challenges in
recent years due to its economic burden and impact on
public health. Currently, AMR is estimated to cause
approximately 700,000 deaths annually. If effective
measures are not implemented and resistance rates
continue to rise, AMR-related deaths could reach 10
million per year by 2050 [3].

In line with these data, the World Health
Organization (WHO) described AMR as an “invisible
pandemic” in 2019. Shortly thereafter, the emergence
of the coronavirus disease 2019 (COVID-19), caused
by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), reshaped global healthcare
dramatically. The WHO declared COVID-19 a
pandemic on 11 March 2020, and on the same day, the
Ministry of Health in Turkey reported the first COVID-
19 case in the country [3].

The prolongation of hospital stays due to COVID-
19 and the use of various drugs, particularly high-dose
steroids, suggested that the distribution and antibiotic
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susceptibility of microorganisms likely to cause
secondary infections might have changed [2].
Therefore, data demonstrating the impact of the
COVID-19 pandemic on AMR are needed.

In this regard, this study aimed to determine the
distribution of GNB isolated from blood -culture
samples before and during the COVID-19 pandemic, as
well as the changes in AMR patterns potentially
associated with the pandemic. The findings provide
important insights into the potential impact of the
COVID-19 pandemic on AMR, which are valuable for
guiding necessary interventions.

Methodology

In this retrospective study, data from the Medical
Microbiology Laboratory were evaluated over 4 years.
Two timeframes were compared: the pre-pandemic
period (PP), from March 2018 to February 2020; and
the during-pandemic period (DP), from March 2020 to
February 2022.

Blood culture bottles submitted to the laboratory
from intensive care units (ICUs) and various clinical
wards were included if they met the laboratory’s
acceptance criteria. The cultures were monitored using
the BacT/ALERT 3D system (bioMérieux, Marcy-
I'Etoile, France). GNB identified by Gram staining and
demonstrating consistent morphology were included in
the analysis. In cases of repeated isolates from the same
patient, only the first isolate was considered.

Figure 1. Distribution of isolated Gram-negative bacteria (GNB)
by hospital unit during pre-pandemic (PP) and during-pandemic
(DP) periods.
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The number of Gram-negative bacterial isolates identified in various
hospital units (e.g., intensive care unit (ICU), internal medicine, surgery,
etc.) is shown for both the PP and DP periods. The bars represent the total
count of isolates per unit for each period.

J Infect Dev Ctries 2026; 20(1):29-36.

Samples from the same blood culture bottles were
inoculated onto 5% sheep blood agar, MacConkey agar,
and chocolate agar. The VITEK® 2 Compact system
(bioMérieux Clinical Diagnostics, Marcy-1'Etoile,
France) was used for species-level identification and
antimicrobial susceptibility testing of the isolates
obtained after 18-24 hours of incubation under
appropriate conditions. The antimicrobial susceptibility
results were interpreted according to the breakpoints
recommended by the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) [4].

Demographic data, including patient age, gender,
and the clinical units from which the samples were
submitted, were retrieved from the hospital information
management system.

Sample selection

Blood culture samples were included in the study if
they met the following criteria: they were collected
from hospitalized patients (including those in intensive
care units and other clinics) between March 2018 and
February 2022; the blood cultures were positive and
yielded GNB confirmed by Gram staining; and only the
first isolate from each patient during the study period
was considered, to avoid duplication. Samples were
excluded if they exhibited polymicrobial growth;
represented repeated isolates from the same patient
within the same infection episode; were considered
contaminated or did not meet laboratory quality
standards; or if the isolates lacked complete
demographic or clinical data.

Statistical analysis

Statistical analyses were performed using the SPSS
software (IBM SPSS Statistics 22, IBM Corp, Armonk,
NY, USA). In addition to descriptive statistical methods
(standard deviation, frequency, and percentage values),
the Chi-square test (%?) was used for independent two-
group comparisons of categorical variables, while
Fisher's exact test (FET) was applied when the
assumptions for the Chi-square test were not met. A p
value of < 0.05 was considered statistically significant.

Ethical approvals

This single-center retrospective study was approved
by the Non-Interventional Clinical Research Ethics
Committee of Cukurova University Faculty of
Medicine (Date: 10 May 2024; Decision No: 144/2) and
was conducted following the principles of the
Declaration of Helsinki.
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Results

A total of 1,668 blood culture samples sent to the
laboratory between March 2018 and February 2022
showed microbial growth. GNB were detected in 639
(38.3%) of the positive cultures. Of these, 282 (44.1%)
were isolated during the PP and 357 (55.9%) during the
DP. The mean age of the patients was 65.5+23 years
in the PP and 71.3 £ 17.3 years in the DP. The male-to-
female ratio was 3:2 in the PP and 6:5 in the DP. A total
of 91.9% of the isolates were obtained from samples
submitted from the ICU. The distribution of isolates by
hospital units for both the PP and DP is shown in Figure
1.

The species distribution of the isolates in the PP and
DP is presented in Figure 2. Antibiotic resistance rates
of the isolated GNB according to the two time periods
are shown in Table 1. The AMR profiles of the first four
isolates most frequently isolated in this study were
statistically examined. The resistance trends were
assessed through extensive antibiogram evaluations
involving 18 antibiotics for Acinetobacter baumannii
(A. baumannii), Escherichia coli (E. coli), Klebsiella
pneumoniae (K. pneumoniae), and Pseudomonas
aeruginosa (P. aeruginosa).

The AMR profile of A. baumannii showed no
statistically significant difference between the PP and
DP periods in resistance to ciprofloxacin, meropenem,
netilmicin, tigecycline,
trimethoprim/sulfamethoxazole, cefepime, and
ampicillin/sulbactam (p > 0.05). During the DP, 4.
baumannii isolates demonstrated a significant increase
in resistance to amikacin (PP: 31/49 vs. DP: 115/127,p
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<0.001, ¥?), ceftazidime (12/49 vs. 115/127, p <0.001,
v?), levofloxacin (28/49 vs. 116/127, p <0.001, ), and
piperacillin/tazobactam (13/49 vs. 117/127, p < 0.001,
v?). Conversely, a significant decrease in resistance was
observed for colistin (8/49 vs. 4/127, p = 0.005, %),
gentamicin (46/49 vs. 93/127, p = 0.005, x?), imipenem
(48/49 vs. 108/127, p = 0.031, ¥?), cefuroxime (43/49
vs. 13/127, p < 0.001, ¥?), amoxicillin/clavulanate
(43/49 vs. 16/127, p < 0.001, %?), ceftriaxone (37/49 vs.

Figure 2. Distribution of Gram-negative bacteria (GNB) isolated
from blood cultures during pre-pandemic (PP) and during-

pandemic (DP) periods.
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This figure presents the frequency of Gram-negative bacterial isolates
obtained from blood cultures in the PP and DP periods. Each bar indicates
the number of isolates detected per bacterial species across the two-time
frames.

Table 1. Antimicrobial resistance rates (%) of isolated Gram-negative bacteria during pre-pandemic (PP) and during-pandemic (DP) periods.

Acinetobacter baumannii Escherichia coli Klebsiella pneumoniae Pseudomonas aeruginosa

PP DP PP DP PP DP PP DP

49 127 34 39 109 127 28 13

% % % % % % % %
Amikacin 63.3 90.6 11.8 0.0 67.9 81.9 35.7 46.2
Amoxicillin / Clavulonic acid 87.8 12.6 85.3 0.0 91.7 0.0 82.1 7.7
Ampicillin-Sulbactam 2.0 0.0 41.2 0.0 11.9 0.0 143 0.0
Ampicillin 75.5 0.0 88.2 64.1 99.1 67.7 82.1 0.0
Ceftazidime 24.5 90.6 70.6 59.0 94.5 85.8 46.4 69.2
Ceftriaxone 75.5 0.0 70.6 2.6 91.7 58.3 78.6 0.0
Colistin 16.3 3.1 2.9 0.0 47.7 52.8 3.6 23.1
Gentamicin 93.9 73.2 41.2 17.9 76.1 80.3 46.4 53.8
Imipenem 98.0 85.0 14.7 7.7 59.6 244 5.6 69.2
Levofloxacin 57.1 91.3 47.1 12.8 17.4 29.9 17.9 61.5
Meropenem 95.9 90.6 23.5 10.3 73.4 82.7 60.7 69.2
Netilmicin 65.3 74.8 23.5 10.3 46.8 29.1 39.3 84.6
Piperacillin-Tazobactam 26.5 92.1 50.0 154 89.0 86.6 57.1 69.2
Cefepime 2.0 3.1 70.6 51.3 85.3 90.6 50.0 61.5
Cefuroxime 87.8 10.2 76.5 61.5 86.2 60.6 71.4 7.7
Ciprofloxacin 98.0 94.5 76.5 56.4 90.8 90.6 50.0 61.5
Tigecycline 26.5 252 11.8 0.0 67.0 74.8 85.7 7.7
Trimethoprim-Sulfamethoxazole 95.9 95.3 38.2 59.0 81.7 82.7 17.9 7.7

Antimicrobial resistance percentages of Acinetobacter baumannii, Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa isolates against
selected antibiotics. The data are categorized based on two time periods: PP and DP. The number of isolates (n) for each species and period is indicated. Resistance
was determined using standard clinical laboratory methods. Values are given as percentages (%).
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0/127, p<0.001, FET), and ampicillin (37/49 vs. 0/127,
p <0.001, FET).

No statistically significant difference was observed
in the AMR profiles of E. coli strains from the PP and
DP for ceftazidime, ciprofloxacin, colistin, gentamicin,
imipenem, meropenem, netilmicin,
trimethoprim/sulfamethoxazole,  cefuroxime, and
cefepime (p > 0.05). During the pandemic (DP), E. coli
isolates exhibited a statistically significant decrease in
resistance to amikacin (PP: 4/34 vs. DP: 0/39, p=0.042,
FET), levofloxacin (16/34 vs. 5/39, p = 0.003, %3,
piperacillin/tazobactam (17/34 vs. 6/39, p = 0.003, »?),
tigecycline (4/34 vs. 0/39, p = 0.042, FET),
amoxicillin/clavulanate (29/34 vs. 0/39, p < 0.001,
FET), ceftriaxone (24/34 vs. 1/39, p < 0.001, %3,
ampicillin (30/34 vs. 25/39, p = 0.034, %), and
ampicillin/sulbactam (14/34 vs. 0/39, p < 0.001, FET).
No statistically significant increase in resistance to any
antibiotic was observed in the DP period compared to
the PP period.

No statistically significant difference was observed
in the resistance profiles of K. pneumoniae strains
between the PP and DP periods against ciprofloxacin,
colistin, gentamicin, meropenem,
piperacillin/tazobactam, tigecycline,
trimethoprim/sulfamethoxazole, and cefepime (p >
0.05). During the DP period, K. pneumoniae isolates
demonstrated a statistically significant decrease in
resistance to imipenem (PP: 65/109 vs. DP: 31/127, p <
0.001, %), netilmicin (51/109 vs. 37/127, p = 0.007, %2,
cefuroxime (94/109 vs. 77/127, p < 0.001, »?),
amoxicillin/clavulanate (100/109 vs. 0/127, p < 0.001,
FET), ceftriaxone (100/109 vs. 74/127, p < 0.001, ¥?),
ampicillin  (108/109 vs. 86/127, p < 0.001, 93,
ampicillin/sulbactam (13/109 vs. 0/127, p < 0.001,
FET), and ceftazidime (103/109 vs. 109/127, p = 0.047,
v?). Resistance to amikacin (74/109 vs. 104/127,
p=0.019, y») and levofloxacin (19/109 vs. 38/127,
p=0.037, ¢ significantly increased during the DP.

No statistically significant difference was observed
in the resistance profiles of P. aeruginosa strains
between the PP and DP against amikacin, ceftazidime,

ciprofloxacin,  colistin, gentamicin, imipenem,
meropenem, piperacillin/tazobactam,
trimethoprim/sulfamethoxazole, cefepime, and

ampicillin/sulbactam antibiotics (p > 0.05). During the
DP period, P. aeruginosa isolates demonstrated a
statistically significant increase in resistance to
levofloxacin (PP: 5/28 vs. DP: 8/13, p = 0.014, ¥?) and
netilmicin (11/28 vs. 11/13, p = 0.017, %). Conversely,
a significant decrease in resistance was observed for
tigecycline (24/28 vs. 1/13, p < 0.001, ¥?), cefuroxime
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(20/28 vs. 1/13, p < 0.001, %?), amoxicillin/clavulanate
(23/28 vs. 1/13, p < 0.001, ¥?), ceftriaxone (22/28 vs.
0/13, p <0.001, FET), and ampicillin (23/28 vs. 0/13, p
<0.001, FET).

Discussion

Bloodstream infections have high mortality rates
and are among the most life-threatening infections for
patients in ICUs and other hospital wards. The
incidence of bloodstream infections caused by bacteria
resistant to commonly used antimicrobial agents has
been increasing in recent years [5,6].

Today, the impact of the COVID-19 pandemic,
whose effects are still not entirely resolved, on AMR
rates remains a topic of debate. AMR is already a major
global concern, and the issue has been further
exacerbated by the increased use of antibiotics during
the pandemic, largely due to disruptions in diagnostic
processes and attempts to prevent superinfections in
infected patients [5]. In this study, the distribution of
GNB isolated from blood culture samples before and
during the COVID-19 pandemic, as well as the changes
in AMR patterns potentially associated with the
pandemic, were evaluated. Several studies from
different parts of the world, including Europe [7,8], the
United States [9], and Asia [10], have reported an
increase in antimicrobial use during the COVID-19
pandemic [5].

An international cohort study reported that GNBs
were isolated more frequently in ICUs, with a rate of
58.3% [11,12]. In a multicenter study conducted in
Canada, the rates of Gram-positive bacteria (GPB) and
GNB isolated from ICU patients were found to be
58.6% and 21.2%, respectively [11,13]. In studies
conducted in Tirkiye, the most frequently isolated
microorganisms in ICUs were Gram-positive cocci,
particularly coagulase-negative Staphylococci
[2,14,15]. Sirin et al. reported the isolation rates of GPB
and GNB as 44.9% and 40.3%, respectively [11,14].
Similarly, Aytag et al. found that 60.7% of pathogens
isolated from blood cultures during the PP were GPB,
while 35% were GNB [2,11]. Ceken et al. reported the
GNB isolation rate in blood cultures as 27.5% [1]. In
various studies, the frequency of GNB isolation from
blood cultures has been reported to range between 17%
and 59.3% [1,16]. In this study, the frequency of GNB
isolation from blood cultures was found to be 38.5%,
which falls within the range reported in the literature.
The increasing rates of Gram-negative bacteremia in
recent years have been attributed to several factors,
including the lack of newly developed and effective
antibiotics, despite the rise in multidrug resistance
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among GNBs; the occurrence of Gram-negative
bacteremia secondary to urinary and pulmonary tract
infections; and the growing prevalence of nosocomial
pathogens such as P. aeruginosa and A. baumannii
[17].

In the study by Cekin et al., the majority of patient
samples originated from the ICU (39%), internal
medicine departments (32%), and the emergency
department (17%) [17]. Celik et al. reported that 34%
of the bacterial isolates were from ICU patients, while
66% were from patients in other hospital wards [5]. In
this study, the majority of isolates (91.9%) were
obtained from samples submitted from the ICU. This
may be related to the ICU bed capacity and the relative
distribution of patient admissions across departments in
the study center. Additionally, patients in ICUs often
require invasive procedures, prolonged hospitalization,
and are more likely to be immunocompromised; all of
which are well-established risk factors for bloodstream
infections and colonization by multidrug-resistant
organisms [18]. The high rate of bacteremia in ICUs
may be attributed to the high prevalence of
comorbidities, immunodeficiency, and the generally
poor condition of patients. Therefore, strict adherence
to infection control measures, minimizing unnecessary
invasive procedures, and promptly transferring patients
who no longer require intensive care are essential for
preventing bloodstream infections in these settings
[17].

According to the 2023 report by the WHO and the
Central Asian and European Surveillance of
Antimicrobial Resistance (CAESAR), Acinetobacter
spp. and Enterococcus faecium were more frequently
detected in many countries in 2021 compared to
previous years. A comparison of 2020 and 2021 data
from 13 countries that submitted reports to CAESAR
revealed a higher overall number of microorganisms
reported in 2021. This increase was attributed to a
greater number of isolates submitted for all pathogens.
Although these general trends were not consistently
observed at the national level, all countries reported an
increase in Acinetobacter spp. isolates in 2021, relative
to 2020. Among the isolates submitted by 16 countries
to CAESAR in 2021, the majority of isolates (70.0%)
consisted of E. coli (37.9%), Staphylococcus aureus
(17.2%), and K. pneumoniae (14.9%) [19].

Some studies have indicated that E. coli, Klebsiella
spp., Pseudomonas spp., and Acinetobacter spp. are the
most frequently isolated GNBs in patients monitored in
ICUs [2,11,14,13,20,21]. Arslan et al. reported that the
most commonly isolated GNBs were Klebsiella spp.,
Acinetobacter spp., and E. coli. A significant increase
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in the isolation rate of Klebsiella spp. was observed
during the DP compared to the PP (3.9% vs. 10.8%, p
= 0.006). In this study, K. pneumoniae was the most
frequently isolated GNB in both the PP and DP;
however, A. baumannii showed the greatest increase in
isolation rate during DP [11]. This notable increase in
A. baumannii isolation during the pandemic may be
attributed to its intrinsic resistance mechanisms, its
ability to survive on environmental surfaces for
extended periods, and potential lapses in infection
control measures due to the strain on healthcare systems
during the COVID-19 pandemic [18,22,23]. COVID-19
is known to be more common and severe in
immunocompromised patients. Klebsiella spp. may
have been frequently isolated during the DP period, as
it is capable of causing infections in surgical wounds,
pneumonia, bacteremia, as well as urinary and
respiratory tract infections, particularly in individuals
with weakened immune systems. Bacteremias caused
by P. aeruginosa and Acinetobacter spp. have been
reported to be difficult to treat. Sirin ef al. reported that
Acinetobacter spp. and P. aeruginosa were isolated
from blood culture samples at rates of 13.1% and 4.8%,
respectively [14]. In the study by Arslan et al,
Acinetobacter spp. was detected in 8.4% of the cases
during the PP and in 4.4% during the DP period.
Pseudomonas spp. was isolated at a rate of 1% in the PP
and 1.6% in the DP [11]. Arslan ef al. reported that
Acinetobacter spp. isolates exhibited resistance rates of
76.5% to gentamicin and 71.6% to amikacin during the
PP, with a non-significant decrease in susceptibility
observed during the DP [11]. In this study, A4.
baumannii strains demonstrated significantly higher
resistance rates to amikacin, ceftazidime, levofloxacin,
and piperacillin/tazobactam during the DP compared to
the PP (p < 0.001). These findings highlight that A.
baumannii infections remain a significant concern for
hospitalized patients, particularly those in ICUs, due to
both their high incidence and elevated resistance rates
[1]. Although colistin has long been regarded as the
most effective antimicrobial agent against A.
baumannii, increasing resistance to this agent has been
reported in recent years [2]. Petrakis ef a/. identified a
declining trend in colistin non-susceptibility among
ICU isolates during the PP (from 43.6% to 41.4%, p =
0.05), followed by a marked increase during the DP
(from 42.5% to 59.6%, p < 0.001) [24]. In contrast to
these findings, this study demonstrated a statistically
significant decrease in colistin resistance during the DP
compared to the PP. This divergence may be attributed
to more judicious use of colistin during the pandemic,
potentially due to heightened awareness of its
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nephrotoxicity, implementation of antimicrobial
stewardship efforts, or a shift in empiric therapy choices
based on local resistance trends [25,26].

Studies evaluating changes in antimicrobial
susceptibility rates of E. coli isolates during the
pandemic have yielded varying results. A study
conducted by Wardoyo et al. in Indonesia examined E.
coli susceptibility before and during the pandemic and
emphasized that susceptibility rates increased during
the DP period [3,27]. Yilmaz et al. conducted a study in
Tiirkiye and reported an increase in cefotaxime and
ceftazidime susceptibility rates in E. coli isolates from
ICU patients, whereas no change was detected in the
susceptibility of isolates obtained from patients in other
inpatient clinics [3]. Carbapenems are the first-line
treatment for ESBL-producing bacteria, and the
emergence of  carbapenem-resistant isolates
significantly limits therapeutic options [5,28]. In the
study by Glirbiiz et al., E. coli strains, which accounted
for 10.5% of the total isolates in both the PP and DP,
demonstrated a susceptibility rate above 85%, although
limited resistance to meropenem was reported in both
periods [29]. Aytag¢ et al. did not detect carbapenem
resistance in E. coli during either period, consistent with
the CAESAR data [2]. Similarly, Celik et al. did not
find a significant difference in E. coli resistance rates
between the two periods; however, they reported a
significant difference in amikacin and meropenem
susceptibility in K. pneumoniae (p < 0.05) [5]. A study
presenting data from the Greek national surveillance
system reported an increase in the resistance rates of K.
pneumoniae isolates obtained from blood and lower
respiratory tract samples in ICUs. It was emphasized
that AMR poses a global threat comparable to COVID-
19, and therefore, urgent measures are needed [3,30]. In
this study, when the PP and DP were compared, no
statistically significant difference was observed in the
overall resistance rates of E. coli. However, consistent
with the findings of Y1lmaz ef al., a significant decrease
in resistance to cefotaxime was detected. The
resistance rates in K. pneumoniae were found to have
increased against amikacin, an aminoglycoside
antibiotic, and levofloxacin, a fluoroquinolone
antibiotic (p < 0.05). These increases may reflect the
increased and potentially inappropriate use of these
agents as empiric treatment options during the
pandemic. Overuse may have contributed to the
emergence and spread of resistant K. pneumoniae
clones [31]. It was reported that, during the DP, a rapid
increase in resistance was observed in GNB,
particularly in K. pneumoniae strains carrying various
resistance genes [32].
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In recent years, increased carbapenemase
production in Pseudomonas spp. has led to heightened
resistance to carbapenem antibiotics. Imipenem
susceptibility in P. aeruginosa has been reported to
range from 51% to 82% [11]. In the study by Arslan et
al., Pseudomonas spp. showed 100% susceptibility to
imipenem during PP, which decreased to 20% during
DP. However, they emphasized that the decrease in
susceptibility during DP was not statistically significant
[11]. Similarly, in the study by Aytag et al., the changes
in antibiotic susceptibility of Pseudomonas spp.
between PP and DP were not found to be statistically
significant (p > 0.05). The susceptibility of
Pseudomonas spp. to imipenem in blood cultures was
reported as 100% in PP [2]. In this study, no statistically
significant difference was observed in the imipenem
resistance profile of P. aeruginosa between the two
periods (p > 0.05). However, resistance rates of P.
aeruginosa strains to levofloxacin and netilmicin were
found to be significantly higher during DP compared to
PP (p < 0.05). This could be a consequence of selective
antimicrobial pressure or clonal expansion of resistant
P. aeruginosa strains in ICUs during the pandemic.
Additionally, infections related to invasive medical
devices and compromised immunity may have
facilitated the persistence of more resistant strains [33].

Hamidi et al. reported an increased use of
meropenem, piperacillin/tazobactam, teicoplanin, and
fluoroquinolones during DP [34]. A common finding
across studies regarding the rise in AMR rates during
DP was the inappropriate and excessive use of
antibiotics [3].

One of the limitations of this study is its
retrospective design. Further studies involving larger
patient populations and simultaneous data analysis from
multiple hospitals are needed to better elucidate the
impact of the COVID-19 pandemic on AMR.
Additional limitations include the inability to
investigate resistance genes and enzymes, as well as the
lack of data on antibiotic consumption in the study
center. More comprehensive, multicenter studies are
required to evaluate the long-term impact of the
pandemic on AMR.

Conclusions

The COVID-19 pandemic may have played a
significant role in the emergence and transmission of
resistant pathogens, particularly GNB, in hospital
settings. Although the pandemic has left a profound
mark on the 21* century, AMR persists as a parallel,
“invisible pandemic,” as described by the WHO. Data
on AMR prevalence before and after the pandemic,
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especially from developing countries, are crucial to
understanding the spread of resistant pathogens. To
achieve this, reliable microbiological surveillance
should be established, rapid diagnostic tests for
infectious diseases must be developed, rational
antibiotic use should be promoted, antimicrobial
stewardship programs should be promptly restructured,
and vaccination strategies significantly enhanced.
Considerable heterogeneity exists in resistance rates
across different studies. Our findings underscore the
urgent need to reinforce infection prevention and
control  measures, implement comprehensive
antimicrobial stewardship, and ensure robust and
standardized AMR surveillance as part of the global
pandemic response and recovery efforts [3].
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