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ABSTRACT

Background and Objectives: Inappropriate antibiotic use can lead to resistance, particularly in Gram-negative bacteria. The
aimd of this study was to identify the distribution of Gram-negative bacteria responsible for lower respiratory tract infections
and to assess their susceptibility profiles to beta-lactam antibiotics in the periods before and during the COVID-19 pandemic.
Materials and Methods: This retrospective cross-sectional study utilized secondary data from WHONET 2022, drawing on
a database of Gram-negative bacteria isolated from lower respiratory tract specimens processed at the Clinical Microbiology
Laboratory, Faculty of Medicine, Universitas Indonesia, during the period of 2018-2021. Susceptibility to ampicillin-sulbac-
tam, ceftazidime, cefepime, meropenem, and piperacillin-tazobactam was assessed. Comparisons between the pre-pandemic
and pandemic periods were conducted using the chi-square test.

Results: A total of 569 samples were analyzed, comprising 383 samples from the pre-pandemic period (2018-2019) and 186
samples from the COVID-19 pandemic period (2020-2021). Twenty-nine Gram-negative bacterial species were identified
before the pandemic, compared with 19 species during the COVID-19 pandemic. Klebsiella pneumoniae emerged as the
most common pathogen, with a prevalance of 30.29% before and 27.96% during the COVID-19 pandemic. Statistical analy-
sis revealed significant differences in the resistance patterns of Acinetobacter baumannii to cefepime (p= 0.036), ceftazidime
(p=0.018), and piperacillin-tazobactam (p= 0.002). Conversely, no significant differences were observed for K. pneumoniae
and Pseudomonas aeruginosa (p > 0.05).

Conclusion: K. Pneumoniae remains the predominant Gram-negative pathogen causing lower respiratory tract infections,
whereas A. baumannii shows an increased disease burden and resistance during the COVID-19 pandemic. This underscores
the importance of continuous surveillance of antimicrobial resistance.

Keywords: Gram-negative bacteria; Beta-lactams; Bacterial distribution; Lower respiratory tract infections; Susceptibility
patterns

INTRODUCTION Based on data from the World Health Organization
(WHO) as of August 9, 2023, Indonesia has report-

Coronavirus disease 2019 (COVID-19) has impact- ed over 6.8 million confirmed COVID-19 cases and
ed countries across the globe, including Indonesia. more than 11,900 deaths (1). COVID-19 predomi-
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nantly involves the respiratory tract and is character-
ized by a wide range of clinical presentations, from
asymptomatic infection to severe pneumonia and fa-
tal outcomes (2).

COVID-19 infection can lead to acute injury of
lung epithelial cells and damage to the respirato-
ry epithelium, thereby increasing vulnerability to
secondary bacterial infections. As a result, empir-
ical antibiotic therapy is commonly administered
to hospitalized patients. Nevertheless, excessive or
inappropriate antibiotic use may drive the develop-
ment of antimicrobial resistance, particularly among
Gram-negative bacteria responsible for lower respi-
ratory tract infections.

Beta-lactam antibiotics are widely used in the
treatment of Gram-negative bacterial infections.
However, misuse or inappropriate administration of
these agents can lead to the selection of resistant bac-
terial strains. These antibiotics exert their antibacte-
rial effect by inhibiting bacterial cell wall synthesis
through disruption of peptidoglycan formation (3).

The emergence of antimicrobial resistance makes
the management of secondary bacterial infections,
especially lower respiratory tract infections, increas-
ingly challenging (4).

Data indicate that secondary infections in
COVID-19 patients constitute around 18.4% of all
recorded COVID-19 cases (5). Although this propor-
tion is relatively low, empirical are administered to
approximately 62% of individuals with COVID-19,
primarily to prevent or manage suspected secondary
bacterial infection (5). This pattern of use raise con-
cerns about the potential for inappropriate antibiotic
prescribing and the consequent emergence of antimi-
crobial resistance (5).

Antimicrobial resistance poses substantial chal-
lenges in the management of lower respiratory tract
infections and is associated with increased morbidity
and mortality. Beta-lactam antibiotics are widely em-
ployed in the treatment of Gram-negative bacterial
infections. In lower respiratory tract infections such
as pneumonia, cephalosporins are commonly admin-
istered as first-line agents. In more severe infections
caused by Gram-negative pathogens, carbapenems,
including meropenem and imipenem, are frequent-
ly utilized. An important pathogen linked to severe
pneumonia is Pseudomas aeruginosa (6).

In 2019, the WHO published a list of priority an-
tibiotic-resistant bacterial pathogens, designating
carbapenem-resistant P. aeruginosa, carpabenem-
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resistant A. baumannii, and third-generation cepha-
losporin-resistant Enterobacterales as organism re-
quiring urgent surveillance (7).

Data on the distribution of Gram-negative bacteria
and their susceptibility profiles before and during the
COVID-19 pandemic are still scarce in Indonesia.
Consequently, this study was conducted to charac-
terize the distribution of Gram-negative bacteria re-
sponsible for lower respiratory tract infections and to
evaluate their susceptibility patterns to beta-lactam
antibiotics in the periods preceding and during the
COVID-19 pandemic.

MATERIALS AND METHODS

Study design and ethical approval. This study
was conducted as a retrospective descriptive investi-
gation with a cross-sectional design to present data on
the distribution of Gram-negative bacteria responsible
for lower respiratory tract infections and their suscep-
tibility to beta-lactam antibiotics from the WHONET
2022 software of the Department of Microbiology,
Faculty of Medicine, Universitas Indonesia. Ethical
approval was granted by the Ethics Committee of
the Faculty of Medicine, Universitas Indonesia (No.
KET-18/UN2.FI.D1.2/PDP.01/RISET.2025).

Bacterial isolates. A total of 569 isolates collected
between January 2018, and December 2021 were in-
cluded in this study. Clinical isolates were obtained
from patients diagnosed with lower respiratory tract
infections, and all specimens were processed at the
Department of Microbiology, Faculty of Medicine,
Universitas Indonesia.

Inclusion criteria. Respiratory specimens col-
lected from patients with clinically diagnosed lower
respiratory tract infections during the study period
were included if they yielded Gram-negative bacterial
growth and had complete bacterial identification and
antimicrobial susceptibility testing results available
in the WHONET database.

Exclusion criteria. Duplicate isolates from the
same patient, isolates with incomplete microbiological
or antimicrobial susceptibility data, non-Gram-neg-
ative bacterial isolates, and respiratory specimens
collected for surveillance or colonization screening
without clinical evidence of infection were excluded.
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Only isolates form patients who were clinically di-
agnosed with lower respiratory tract infection were
included, to distinguish true infection from coloni-
zation. The diagnosis was established by the treating
clinician based on clinical manifestations, radiologi-
cal findings, and microbiological results documented
in the hospital information system. Respiratory spec-
imens obtained solely for screening or considered
to represent respiratory tract colonization without
clinical evidence of infection were excluded from the
study.

Bacterial identification. Clinical specimens were
cultured on Blood Agar and MacConkey and incubat-
ed at 37°C for 18-24 hours. After incubation, colony
morphology was evaluated, and Gram staining was
performed to verify the presence of Gram-negative,
rod-shaped bacteria. Species identification and anti-
microbial susceptibility profiling had been previously
established using the VITEK® 2 Compact automated
system (bioMeérieux) (8).

Antimicrobial susceptibility testing. Antimicro-
bial Susceptibility Testing (AST) was performed us-
ing the VITEK® 2 Compact system with AST-GN93
cards. Minimum inhibitory concentrations (MICs)
were obtained for ampicillin, ampicillin-sulbactam,
piperacillin-tazobactam, ceftazidime, ceftriaxone,
cefepime, aztreonam, ertapenem, meropenem, ami-
kacin, gentamicin, ciprofloxacin, tigecycline, nitro-
furantoin, and trimethoprim-sulfamethoxazole. MIC
values were interpreted in accordance with the Clini-
cal and Laboratory Standards Institute (CLSI) M100,
34™ edition (2024), and classified as susceptible (S),
intermediate (1), or Resistant (R) (9).

Phenotypic detection of extended-spectrum p-lact-
amase (ESBL) production was carried out with CLSI
guidelines by assessing MIC patterns generated by
the VITEK® 2 Compact system. Isolates showing
reduced susceptibility to third-generation cephalo-
sporins and confirmed as ESBL-positive by the au-
tomated ESBL detection algorithm embedded in the
VITEK® 2 system were classified as ESBL produc-
ers, following CLSI criteria and the manufacturer’s
instructions (9, 10).

Data analisis. Data on respiratory tract infections
caused by Gram-negative bacteria were extracted
from the WHONET 2022 software and subsequent-
ly compiled, tabulated, and processed using Micro-
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soft Excel 2021. Descriptive analyses were carried
out to characterize the distribution of Gram-negative
bacteria responsible for lower respiratory tract infec-
tions and to describe their susceptibility patterns to
beta-lactam antibiotics during the COVID-19 pan-
demic. The results were presented as frequencies and
percentages in the tables and figure. The distribution
of Gram-negative bacteria was analysed at the special
level, whereas antimicrobial susceptibility patterns
were evaluated according to the categories suscep-
tible, intermediate, and resistant. Comparisons of
beta-lactam resistance among major Gram-negative
bacteria before and during the COVID-19 pandemic
were conducted using Person’s chi-square test, with
a p-value <0.05 regarded as statistically significant.

RESULTS

Specimen distribution. A total of 569 respira-
tory specimens meeting the study inclusion crite-
ria were obtained from individuals diagnosed with
Gram-negative bacteria-associated lower respiratory
tract infections recorded in the WHONET 2022 da-
tabase between January 2018 and December 2021.
Of these, 383 specimens were collected during the
pre-pandemic period (2018-2019), whereas 186 spec-
imens were collected in the course of the COVID-19
pandemic (2020-2021).

Sputum specimens represented the most frequent-
ly collected sample type, accounting for 464/569
(81.54%), followed by bronchoalveolar lavage spec-
imens (53/569, 9.31%) and bronchial fluid specimens
(52/569, 9.14%) (Table 1). The distribution of spec-
imen types was generally comparable between the
pre-pandemic and pandemic periods, with sputum
remaining the predominant specimen in both inter-
vals (83.03% vs. 78.49%).

Bacterial distribution. Table 2 summarizes the
distribution of Gram-negative bacterial isolates re-
covered from respiratory tract specimens in the peri-
od preceding the COVID-19 pandemic (January 2018
— February 2020) and throughout the pandemic era
(March 2020 — December 2021).

In total, 383 Gram-negative isolates were detected
prior to the pandemic period. Klebsiella pneumoni-
ae was the most prevalent species (116/383, 30.29%),
followed by P. aeruginosa (94/383, 24.54%) and A.
baumannii (34/383, 8.88%).
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Table 1. Distribution of respiratory specimen types before (2018-2019) and during (2020-2021) the COVID-19 pandemic.

Specimen Year Before During pandemic ~ Number
pandemic COVID-19 COVID-19
2018 2019 2020 2021 (%) (%)
Sputum 170 148 70 76 83.03% 78.49% 464
Bronchial fluid 12 16 11 13 7.31% 12.90% 52
Bronchoalveolar Lavage 20 17 2 14 9.66% 8.60% 53

Table 2. Distribution of Gram-negative bacteria before and during the COVID-19 pandemic

Bacteria Number

Before pandemic COVID-19 During pandemic COVID-19
Acinetobacter baumannii 34 (8.88%) 51 (27.42%)
Klebsiella pneumoniae 116 (30.29%) 52 (27.96%)
Pseudomonas aeruginosa 94 (24.54%) 47 (25.27%)
Escherichia coli 17 (4.44%) 6 (3.23%)
Aeromonas hydrophilla 3(0.78%) -
Aeromonas veronii 1 (0.26%) -
Achromobacter xyloidans 4 (1.04%) 1 (0.54%)
Capnocytophaga spp. 1 (0.26%) 5 (2.69%)
Enterobacter aerogenes 10 (2.61%) 3 (1.61%)
Enterobacter cloacae 28 (7.31%) 4 (2.15%)
Kluyvera cryocrescens 2 (0.52%) -
Kluyvera oxytoca 5 (1.31%) -
Pantoea spp 2 (0.52%) -
Burkholderia cepacia 29 (7.57%) 1 (0.54%)
Burkholderia pseudomallei 2 (0.52%) -
Ralstonia mannitolilytica 1 (0.26%) -
Sphingomonas paucimobilis 10 (2.61%) 4 (2.15%)
Bordetella bronchiseptica 1 (0.26%) -
Pseudomonas luteola 2 (0.52%) -
Chryseobacterium indologenes 1 (0.26%) 1 (0.54%)
Elizabethkingia meningoseptica - 1 (0.54%)
Proteus mirabilis 4 (1.04%) 1 (0.54%)
Providencia rettgeri 2 (0.52%) -
Providencia staurtii 1 (0.26%) 1 (0.54%)
Citrobacter freundii - 1 (0.54%)
Pantoea agglomerans 2 (0.52%) -
Pluralibacter gergoviae 1 (0.26%) 2 (1.08%)
Raoultella ornithinolytica - 1 (0.54%)
Klebsiella ozanae 4 (1.04%) -
Serratia marcescens 3(0.78%) 3 (1.61%)
Pseudomonas fluorescens 1 (0.26%) -
Pseudomonas putida 2 (0.52%) 1 (0.54%)
Number 383 186
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During the pandemic, 186 Gram-negative iso-
lates were recovered. K. pneumoniae remained the
most frequently isolated organism (52/186, 27.96%),
followed by A. baumannii (51/186, 27.42%) and P.
aeruginosa (47/186, 25.27%). Relative to the pre-pan-
demic interval, the share of A. baumannii rose sub-
stantially, whereas the proportions of several other
Gram-negative species declined.

Overall, 29 Gram-negative bacterial species were
identified before the pandemic, whereas only 19 spe-
cies were recovered during the pandemic, indicating
a reduction in bacterial diversity among respiratory
isolates. The distribution of Gram-negative bacterial
species across the two study periods is depicted in
Figs. 1 and 2.

The overall distribution of Gram-negative bacteri-
al species differed significantly when comparing the
pre-pandemic and pandemic periods, as determined
by Pearson’s Chi-square test (y2 = 24.70, df =3, p <
0.002).

17%

30%

9% 25%

= K. pneumoniae = P. geruginosa = A. baumannii B. cepacia

= E. cloacae s E. coli = Others

Fig. 1. Percentage distribution of Gram-negative bacteria
before the COVID-19 pandemic

16%
28%
3%

25%
28%

= K. pneumoniae = A. baumannii = P. aeruginosa = E. coli = Others

Fig. 2. Percentage distribution of Gram-negative Bacteria
during the COVID-19 Pandemic
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Bacterial resistance to beta-lactam antibiotics
in the pre-Covid-19 era. Table 3 summarizes be-
ta-lactam resistance profiles among Gram-negative
bacterial isolates to five antibiotics, namelu ampicil-
lin-sulobactam, cefepime, ceftazidime, meropenem,
and piperacillin-tazobactam, during the pre-pan-
demic period (January 2018 — February 2020).

In total, 383 Gram-negative isolates were includ-
ed in the analysis. The predominant species were
K. pneumoniae (n = 116), P. aeruginosa (n = 94), A.
baumannii (n = 34), Burkholderia cepacia (n = 29),
Enterobacter cloacae (n = 28), and Escherichia coli
(n=17).

Among the predominant bacterial species, resis-
tance rates varied considerably across the tested be-
ta-lactam antibiotics.

No meropenem-resistant isolate was identified
among E. coli (0/17, 0% resistance).

The highest meropenem resistance was observed
in A. baumannii, with 24 of 34 isolates resistant
(70.58%)).

High resistance was also observed in Burkholderia
cepacia to piperacillin-tazobactam (24/29, 82.75%)
and in P. aeruginosa to piperacillin-tazobactam
(37/92, 40.21%) and meropenem (34/94, 36.17%). In
contrast, Enterobacter cloacae demonstrated rela-
tively low resistance rates to all tested beta-lactam
antibiotics, ranging from 7.14% to 14.28%.

Resistance rates among less frequently isolated
bacterial species need to be viewed cautiously, given
the small number of isolates available.

Bacterial resistance to beta-lactam antibiotics
during the COVID-19 pandemic. Based on Table 4,
data are presented on beta-lactam resistance profiles
in Gram-negative bacteria to agents such as ampi-
cillin-sulbactam, cefepime, ceftazidime meropenem,
and piperacillin-tazobactam during the COVID-19
pandemic (2020-2021). In total, 186 isolates were
identified, with the four most common species being
Acinetobacter baumannii, K. pneumoniae, P. aerugi-
nosa, and E. coli. These isolates underwent suscep-
tibility testing against beta-lactam antibiotics includ-
ing ampicillin-sullbactam, cefepime, ceftazidime,
meropenem, and piperacillin-tazobactam. The data
reveal heterogeneous resistance rates and a modest
increase in resistance for some species to the test-
ed antibiotics relative to the pre-COVID-19 period.
Meropenem remained 100% effective against E. coli
both before and throughout the COVID-19 pandemic.
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Table 3. Bacterial resistance to beta-lactam antibiotics before the COVID-19 pandemic

Bacteria Resistance
Ampicillin- Cefepime Ceftazidime Meropenem Piperacillin-
Sulbactam Tazobactam
Acinetobacter baumannii (n = 34) 16/28 (57.14%)  18/28 (64.28%) 22/34 (64.70%) 24/34 (70.58%) 22/34 (64.70%)

Klebsiella pneumoniae (n = 116)
Pseudomonas aeruginosa (n = 94) -

38/106 (35.84%) 16/104 (15.38%) 43/115 (37.39%) 14/116 (12.06%) 25/116 (21.55%)
12/78 (15.38%) 21/93 (22.58%) 34/94 (36.17%) 37/92 (40.21%)

Escherichia coli (n = 17) 7/17 (41.17%)  5/16 (31.25%)  9/17 (52.94%) 0/17 (0%) 3/17 (17.64%)
Aeromonas hydrophilla (n = 3) 3/3 (100%) 0/3 (0%) 0/3 (0%) - 0/3 (0%)
Aeromonas veronii (n = 1) - - - -
Achromobacter xyloidans (n = 4) - 2/4 (50%) 0/4 (0%) 0/4 (0%) 2/4 (50%)
Capnocytophaga spp. (n =1) - - - -
Enterobacter aerogenes (n = 10) 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%)
Enterobacter cloacae (n = 28) 4/28 (14.28%) 2/28 (7.14%)  3/28 (10.71%)  2/28 (7.14%)  3/28 (10.71%)
Kluyvera cryocrescens (n = 2) 0/2 (0%) 0/2 (0%) 0/2 (0%) 0/2 (0%) 0/2 (0%)
Kluyvera oxytoca (n = 5) 0/5 (0%) 0/5 (0%) 0/5 (0%) 0/5 (0%) 0/5 (0%)
Pantoea spp (n =2) - 0/1 (0%) 0/1 (0%) 0/1 (0%) -
Burkholderia cepacian (n = 29) - 4/28 (14.28%)  3/28 (10.71%)  8/28 (28.56%)  24/29 (82.75%)
Burkholderia pseudomallei (n = 2) - 1/1 (100%) 1/1 (100%) -
Ralstonia mannitolilytica (n = 1) - - - -
Sphingomonas paucimobilis (n = 10) - 0/4 (0%) 0/6 (0%) 3/7 (42.85%) 1/4 (25%)
Bordetella bronchiseptica (n = 1) - 0/1 (0%) 0/1 (0%) 0/1 (0%) -
Pseudomonas luteola (n = 2) - 0/2 (0%) 0/2 (0%) 0/2 (0%) 0/2 (0%)
Chryseobacterium indologenes (n = 1) - 0/1 (0%) 1/1 (100%) 1/1 (100%) 1/1 (100%)
Proteus mirabilis (n = 4) 0/4 (0%) 0/3 (0%) 0/4 (0%) 0/4 (0%) 0/4 (0%)
Providencia rettgeri (n = 2) 1/2 (50%) 0/2 (0%) 0/2 (0%) 0/2 (0%) 0/2 (0%)
Providencia staurtii (n = 1) 1/1 (100%) 0/1 (0%) 0/1 (0%) 0/1 (0%) 0/1 (0%)
Pantoea agglomerans (n = 2) 0/2 (0%) 0/2 (0%) 0/2 (0%) 0/2 (0%) 0/2 (0%)
Pluralibacter gergoviae (n = 1) 0/1 (0%) 0/1 (0%) 0/1 (0%) 0/1 (0%) 0/1 (0%)
Klebsiella ozanae (n = 4) 0/4 (0%) 0/4 (0%) 0/4 (0%) 0/4 (0%) 0/4 (0%)
Serratia marcescens (n = 3) 0/3 (0%) 0/3 (0%) 0/3 (0%) 0/3 (0%) 0/3 (0%)
Pseudomonas fluorescens (n = 1) - 0/1 (0%) 0/1 (0%) 0/1 (0%) 0/1 (0%)
Pseudomonas putida (n = 2) - 0/2 (0%) 0/2 (0%) 2/2 (100%) 2/2 (100%)

Noted: n: number of resistant isolates

Resistance percentages were calculated based on the number of isolates tested for each antibiotic.

A. baumannii resistance to piperacillin-tazobactam
rose to 92.15% compared with the pre-pandemic pe-
riod. For other bacteria, estimates also vary, but the
data are limited.

To compare resistance patterns across the pre-pan-
demic and pandemic periods, resistance rates of
the three predominant Gram-negative pathogens
were evaluated using Pearson’s Chi-square test
(Table 5).

Among A. baumannii, resistance to cefepime (p =
0.036), ceftazidime (p = 0.018), and piperacillin-ta-

http://ijm.tums.ac.ir

zobactam (p = 0.002) increased significantly during
the CVID-19 pandemic. Although meropenem re-
sistance also increased (70.6% vs. 86.3%), this dif-
ference did not achieve statistical significance (p
= 0.067). By contrast, no significant changes in be-
ta-lactam resistance were observed for K. pneumoni-
ae (all p > 0.05). For P. aeruginosa, resistance to pip-
eracillin-tazobactam declined significantly during
the pandemic (40.2% vs. 22.7%, p = 0.041), whereas
resistance to cefepime, ceftazidime, and meropenem
remained unchanged (all p > 0.05).
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Table 4. Bacterial resistance to beta-lactam antibiotics during the COVID-19 pandemic

Bacteria Resistance

Ampicillin- Cefepime Ceftazidime Meropenem Piperacillin -

Sulbactam Tazobactam
Acinetobacter baumannii (n = 51) 23/51 (45.09%) 43/51 (84.31%) 44/51 (86.27%) 44/51 (86.27%) 47/51 (92.15%)
Klebsiella pneumoniae (n = 52) 18/51(35.29%) 10/52 (19.23%) 21/51 (41.17%) 7/52 (13.46%) 12/51 (23.52%)
Pseudomonas aeruginosa (n = 47) - 9/47 (19.14%)  9/44 (20.45%) 12/47 (25.53%) 10/44 (22.72%)
Escherichia coli (n = 6) 3/6 (50%) 1/6 (16.67%) 2/6 (33.33%) 0/6 (0%) 2/6 (33.33%)
Achromobacter xyloidans (n = 1) - 0/1 (0%) 0/1 (0%) 0/1 (0%) 0/1 (0%)
Capnocytophaga spp. (n =5) - - - - -
Enterobacter aerogenes (n = 3) 1/3 (33.33%) 0/3 (0%) 1/3 (33.33%) 0/3 (0%) 2/3 (66.67%)
Enterobacter cloacae (n = 4) 0/4 (0%) 0/4 (0%) 0/4 (0%) 0/4 (0%) 0/4 (0%)
Burkholderia cepacian (n = 1) - 0/1 (0%) 1/1 (100%) 0/1 (0%) 1/1 (100%)
Sphingomonas paucimobilis (n = 4) - - 0/2 (0%) 2/2 (100%) 0/1 (0%)
Chryseobacterium indologenes (n = 1) - 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%)
Elizabethkingia meningoseptica (n = 1) - 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%)
Proteus mirabilis (n = 1) 0/1 (0%) 0/1 (0%) 0/1 (0%) 0/1 (0%) 0/1 (0%)
Providencia staurtii (n = 1) 1/1 (100%) 0/1 (0%) 0/1 (0%) 0/1 (0%) 0/1 (0%)
Citrobacter freundii (n = 1) 1/1 (100%) 0/1 (0%) 1/1 (100%) 0/1 (0%) 1/1 (100%)
Pluralibacter gergoviae (n = 2) 0/2 (0%) 0/2 (0%) 0/2 (0%) 0/2 (0%) 0/2 (0%)
Raoultella ornithinolytica (n = 1) 1/1 (100%) 0/1 (0%) 1/1 (100%) 1/1 (100%) 1/1 (100%)
Serratia marcescens (n = 3) 0/3 (0%) 0/3 (0%) 0/3 (0%) 0/3 (0%) 0/3 (0%)
Pseudomonas putida (n = 1) - 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%)

Noted: n: number of resistant isolates

Resistance percentages were derived by dividing the number of resistant isolates by the total number of isolates tasted for each

antibiotic and expressing this value as percentage.

Table 5. Comparison of beta-lactam resistance among major Gram-negative bacteria before and during the COVID-19 pandemic

Bacteria Antibiotic Before pandemic During pandemic a p-value
n/N (%) n/N (%)
Acinetobacter baumannii Ampicillin-sulbactam 16/28 (57.1) 23/51 (45.1) 0.99 0.320
Cefepime 18/28 (64.3) 43/51 (84.3) 4.39 0.036
Ceftazidime 22/34 (64.7) 44/51 (86.3) 5.61 0.018
Meropenem 24/34 (70.6) 44/51 (86.3) 3.36 0.067
Piperacillin-tazobactam 22/34 (64.7) 47/51 (92.2) 9.68 0.002
Klebsiella pneumoniae Ampicillin-sulbactam 38/106 (35.8) 18/51 (35.3) 0.00 0.950
Cefepime 16/104 (15.4) 10/52 (19.2) 0.35 0.550
Ceftazidime 43/115 (37.4) 21/51 (41.2) 022  0.640
Meropenem 14/116 (12.1) 7/52 (13.5) 0.06 0.810
Piperacillin-tazobactam 25/116 (21.6) 12/51 (23.5) 0.07 0.790
Pseudomonas aeruginosa Cefepime 12/78 (15.4) 9/47 (19.1) 0.31 0.580
Ceftazidime 21/93 (22.6) 9/44 (20.5) 0.08 0.780
Meropenem 34/94 (36.2) 12/47 (25.5) 1.65 0.200
Piperacillin-tazobactam 37/92 (40.2) 10/44 (22.7) 4.18 0.041

Noted: Data are presented as number of resistant isolates/total tested isolates (n/N) with percentage in parentheses. Statistical
analysis was performed using Pearson’s Chi-square test. A p-value < 0.05 was considered statistically significant.
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DISCUSSION

Specimen distribution. A marked disparity in
specimen counts was observed among sputum, bron-
chial fluid, and bronchoalveolar lavage samples.
Overall comparison showed that although specimen
proportions varied across types, the difference be-
tween pre-pandemic and pandemic periods was not
statistically emphasized in this study.

However, there was a decrease in specimens in the
COVID-19 period relative to the pre-pandemic era.
This is because during the pandemic, the health sec-
tor focused more on the COVID-19 phenomenon than
on lower respiratory tract infections attributable to
Gram-negative bacteria. Furthermore, more sputum
specimens were examined. This is because sputum
specimens originate from the lower respiratory tract
and are therefore considered representative of respi-
ratory tract infections, particularly Gram-negative
bacteria. Furthermore, the non-invasive procedure
and more affordable cost are also reasons for the high-
er number of samples using sputum specimens (11).

Bacterial distribution. Before the COVID-19
pandemic (2018-2019), 383 isolates of Gram-neg-
ative bacteria were identified, whereas during the
pandemic period (2020-2021) the isolate count de-
clined to 186. Furthermore, the number of identified
Gram-negative bacterial species also decreased,
from 29 species before the pandemic to 19 during
the pandemic. The decrease in the number of isolates
and the diversity of bacterial species is thought to be
related to the widespread implementation of health
protocols over the course of the COVID-19 pandem-
ic. Various preventative interventions, including
mask use, social distancing, restrictions on mobility
and social interaction, and increased hygiene prac-
tices, contributed to reducing the transmission of re-
spiratory infections. Although these protocols were
initially intended to reduce the spread of COVID-19,
their implementation also indirectly reduced the oc-
currence of other respiratory infections, including
those caused by Gram-negative bacteria (12, 13).
During the pre-COVID-19 period (2018-2019), 383
Gram-negative bacterial isolates were document-
ed. The three leading species were K. pneumoniae
(30.29%), P. aeruginosa (24.54%), and A. baumannii
(8.88%) (14).

These results are consistent with the work of San-
tella et al. (2021), who documented 889 cases in 2018
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and 930 cases in 2019. In this study, A. baumannii
was the most frequently found bacterium, account-
ing for 20.1% in 2018 and 17.7% in 2019. Meanwhile,
K. pneumoniae increased from 8.1% in 2018 to
11.7% in 2019. In general, the distribution pattern of
Gram-negative bacteria responsible for lower respi-
ratory tract infections in this study showed a similar
trend to previous studies during the pre-COVID-19
period (15).

In the COVID-19 period (2020-2021), 186 infec-
tion episodes were documented, with K. pneumoniae
emerging as the leading pathogen (27.96%), followed
by A. baumannii (27.32%), P. aeruginosa (25.27%),
and E. coli (3.23%).

The distribution pattern of Gram-negative bacteria
in this study showed a similar trend to that report-
ed in the investigation by Khadak et al. conducted
in Nepal (2022). That study reported 112 cases of
respiratory tract infections, with the most common
pathogen being K. pneuominae (37.93%), followed by
A. baumannii (29.31%), E. coli (11.21%), and P. aeru-
ginosa (9.48%). Thus, K. pneumoniae, A. baumannii,
and P. aeruginosa remain the leading Gram-negaa-
tive bacteria causing lower respiratory tract infec-
tions during the COVID-19 period (16, 17).

Although the overall number of cases caused by
Gram-negative bacteria decreased over the course
of the COVID-19 pandemic, infections remained at
a high rate. This decrease is thought to be related to
a shift in healthcare priorities during the pandemic,
with the majority of resources and clinical attention
focused on COVID-19 prevention, vaccination, and
management.

During the pandemic, K. pneumoniae remained the
most common Gram-negative pathogen implicated
in lower respiratory tract infections. The high prev-
alence of this bacterium may be attributed to its fre-
quent presence in the hospital settings, increasing the
risk of exposure to patients, particularly inpatients
and those with compromised immune systems.

Furthermore, K. pneumoniae possesses various
virulence determinants that enhance its capacity to
establish infection and withstand antibiotic therapy.
This bacterium is capable of producing beta-lactame
enzymes, which play role in increasing resistance to
beta-lactam antibiotics. K. pneumoniae also possess-
es a polysaccharide capsule that helps evade the host
immune response, as well as a fimbrial structure that
facilitates bacterial adhesion to host cells. The lipo-
polysaccharide structure of the bacterial outer mem-
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brane also plays a role in inducing an inflammatory
response. Furthermore, the ability to secrete sidero-
phores allows bacteria to bind and obtain iron from
the host, thus supporting their growth and survival
(18, 19).

Bacterial resistance. In this study, A. baumannii
showed varying levels of resistance to the five antibi-
otics before the COVID-19 pandemic, ranging from
57.14% to ampicillin-sulbactam decreased to 45.09%,
while resistance to other antibiotics increased, par-
ticularly to piperacillin-tazobactam, which reached
92.15%.

Statistical analysis confirmed that several of these
changes were significant, particularly for cefepime,
ceftazidime, and piperacillin-tazobactam (p < 0.05),
supporting a genuine alteration in resistance profiles
rather than random fluctuation.

These findings align with a study in Slovakia that
reported that before the COVID-19 pandemic, A. bau-
mannii resistance to ampicillin-sulbactam reached
nearly 90%. Furthermore, resistance to ceftazidime,
cefepime, and piperacillin-tazobactam was reported
to approach 95%. In the COVID-19 era, however, re-
sistance patterns have shifted, characterized by a de-
creased in resistance to ampicillin-sulbactam to be-
low 50%, while resistance to ceftazidime, cefepime,
and piperacillin-tazobactam has reached 100% (20).

Another study in Romania also showed an increase
in A. baumannii resistance to meropenem. In 2018
and 2019, resistance rates reached 75% and 72.22%,
respectively, before increasing to 93.75% in 2020 and
97.96% in 2021 (21).

The resistance pattern of K. pneumoniae differed
from A. baumannii. Before the COVID-19 pandem-
ic, resistance rates were relatively lower, including
12.06% for meropenem and 37.39% for ceftazidime.
During the pandemic, only slight increases were ob-
served (meropenem 13.46%, ceftazidime 41.17%).

However, statistical testing showed no significant
differences across all antibiotics (p > 0.05), indicat-
ing that observed variations may reflect natural fluc-
tuation rather than true epidemiological change.

This contrasts with findings from Egypt reporting
higher baseline resistance (49% for ceftazidime and
cefepime) (22). A study in Slovakia also identified
carbapenemase-producing strains (KPC and NDM)
with very high resistance rates, particularly affecting
B-lactam antibiotics (23).

For P. aeruginosa, resistance decreased for most
antibiotics during the pandemic, except for ceftazi-
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dime. Notably, piperacillin-tazobactam resistance
significantly decreased during the pandemic (p =
0.041).

This differs from a study in China reporting rel-
atively stable resistance trends across pre- and in-
tra-pandemic periods (24).

Regarding E. coli, resistance before the pandemic
ranged from 17.64% to 52.94%, while meropenem
remained fully active (100% susceptibility) in both
periods. During the pandemic, resistance varied,
with the highest value at 50% for ampicillin-sulbact-
am. A study in Romania reported lower carbapenem
resistance (5.26%) (25), whereas an Egyptian study
reported substantially higher resistance across all an-
tibiotics during the pandemic period.

Overall, variability in bacterial resistance across
studies may be influenced by differences in antibiotic
usage policies, healthcare infrastructure, antimicro-
bial stewardship programs, socioeconomic condi-
tions, and environmental factors such as climate and
infection control practices (26).

This study is subject to several constraints. First,
the lack of patient demographic information re-
stricts our capacity to explore potential differences
in bacterial distribution and antimicrobial resistance
across various patient subgroups. These variables are
known to influence infection risk and resistance pat-
terns, particularly in elderly populations or immuno-
compromised patients.

Second, there is a lack of comprehensive clinical
data, encompassing comorbid conditions, disease
severity, and COVID-19 status. This hinders the
interpretations of whether the identified bacterial
isolates represent colonization or actual infection.
Consequently, the clinical relevance of some of these
isolates cannot be definitively determined.

Third, information regarding patient care settings,
such as intensive care units (ICUs), inpatient wards,
or outpatient clinics, is unavailable. This constraint
reduces our capacity to evaluate the influence of
different healthcare environments on antimicrobial
resistance profiles, given that ICU settings are often
associated with higher prevalence rates of multi-
drug-resistant organism.

Finally, because this was a retrospective investiga-
tion conducted at a single center, the result may not
be fully applicable to other institutions or geographic
areas. Despite these constrains, the study offers im-
portant surveillance evidence on the distribution of
Gram-negative bacteria and their resistance trajecto-
ries across the pre-pandemic and COVID-19 periods.
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CONCLUSION

This study shows that K. pneumonia, P. aerugi-
nosa, and A. baumannii, consistently emerged as the
predominant Gram-negative pathogens responsible
for lower respiratory tract infections in both the pre-
COVID-19 and during COCID-19 pandemic. At the
same time, the overall number of isolates decreased
during the pandemic.

Most Gram-negative isolates in this study showed
resistance rates below 50% to the evaluated beta-lac-
tam antibiotics. Nonetheless, A. baumannii demon-
strated a statistically significant rise in resistance to
ceftazidime, cefepime, and piperacillin-tazobactam
during the COVID-19 pandemic.

In general, the distributions of bacterial species and
their antimicrobial resistance profiles was broadly
comparable between the two periods. The main ex-
ception was A. baumannii, which showed a marked
rise in both prevalence and resistance.
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