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A B S T R A C T   

Background: Early reports have shown that critically ill patients infected with SARS-CoV-2 have a high prevalence 
of nosocomial pneumonia, particularly ventilator-associated pneumonia (VAP). 
Method: In the present study, we determined the bacterial agents isolated from endotracheal aspirate (ETA) 
cultures of Covid-19 general intensive care patients and evaluated the antibiotic resistance profiles of common 
bacterial agents compared to the pre-pandemic period. 
Results: While a total of 119 significant growths with polymicrobial growths were detected in the ETA cultures of 
73 (7.5%) of 971 patients hospitalized in the intensive care unit before the pandemic, 87 significant growths 
were detected in the ETA cultures of 67 (11.1%) of 602 patients hospitalized in the Covid-19 intensive care unit 
(ICU) after the pandemic. While 61 (83.6%) of patients in the ICU died before the pandemic, 63 (94.0%) of 
patients in the Covid-19 ICU died after the pandemic. In terms of age, gender, and mortality, there was no 
significant difference between the two ICUs (p > 0.05). Before the pandemic, the mean length of stay in the ICU 
was 33.59 ± 32.89 days, and after the pandemic, it was 13.49 ± 8.03 days. This was a statistically significant 
difference (p < 0.05). Acinetobacter baumannii (28.5%), Klebsiella pneumoniae (22.6%), Pseudomonas aeruginosa 
(15.9%), Staphylococcus aureus (6.7%), Escherichia coli (7.5%), Candida spp. (5.0%) were the most prevalent 
causal microorganisms discovered in pre-pandemic ICU ETA samples, whereas A. baumannii (54.0%), 
K. pneumoniae (10.3%), P. aeruginosa (6.8%), E. faecium (8%), and Candida spp.(13.7%) were the most common 
causative microorganisms detected in Covid-19 ICU ETA samples. Except for tigecycline, antibiotic resistance 
rates in A. baumannii strains increased following the pandemic. Only tobramycin showed a significant difference 
in the increase of resistance among these antibiotics (p = 0.037). The rate of tigecycline resistance, on the other 
hand, was 17.6% before the pandemic and 2.2% afterward (p < 0.05). After the pandemic, increased resistance 
of K. pneumoniae strains to colistin, meropenem, ertapenem, amoxicillin-clavulanic acid, piperacillin-tazobactam, 
ciprofloxacin, tigecycline, and cefepime antibiotics was observed. However, these increases were not statistically 
significant. Except for imipenem, antibiotic resistance rates in P. aeruginosa strains increased following the 
pandemic. The increase in resistance of ceftazidime and levofloxacin was statistically significant (p < 0.05). 
Conclusion: As a result, the Covid-19 pandemic requires intensive care follow-ups at an earlier age and with a 
more mortal course. Although the length of stay in the intensive care unit has been shortened, it is observed that 
this situation is observed due to early mortality. In P. aeruginosa strains, a significant difference was detected in 
the resistance increase of the ceftazidime and levofloxacin (p < 0.05) and with the exception of tigecycline, 
antibiotic resistance rates in A. baumannii strains increased following the pandemic. Only tobramycin showed a 
significant difference in the increase of resistance among these antibiotics (p = 0.037). Secondary infections in 
patients create more difficult treatment processes due to both Covid-19 and increasing antibiotic resistance 
today.   
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1. Introduction 

Coronavirus disease 2019 (Covid-19) was first identified in 
December 2019 in Wuhan, China, and has spread all over the world. It is 
an infectious disease caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). Covid-19 is a respiratory illness with flu- 
like symptoms, manifesting as dry cough, fever, severe headache, and 
fatigue [1]. Viral agents causing respiratory tract infections predispose 
to secondary bacterial infections due to their effects on the immune 
system [2,3]. Through a variety of mechanisms, viral infections have 
been shown to enhance bacterial colonization of the airway. Changes in 
mucus secretion, cell death, hyperplasia, decreased mucosal clearance, 
decreased oxygen exchange, and impaired surfactant secretion are 
among the negative effects [4,5]. Depending on the virus, the type of 
bacteria, and the intensity of the host immune response against a bac
terium or virus, each of these effects are caused by a variety of molecular 
mechanisms. Secondary or bacterial coinfections with other viruses can 
greatly increase the mortality rate in patients with viral infections ac
cording to laboratory, clinical, and epidemiological investigations [6,7]. 
In the 2009 H1N1 influenza pandemic, 4–33% of hospitalized patients 
were complicated by bacterial pneumonia [8]. Up to 30% of patients 
were diagnosed with secondary bacterial infections during the first 
SARS-CoV outbreak in 2003, and coinfection was positively associated 
with disease severity [9]. Bacterial coinfections are also prevalent in 
2%–65% of cases during normal flu seasons and have been linked to 
morbidity and mortality [10]. 

Early reports have shown that critically ill patients infected with 
SARS-CoV-2 have a high prevalence of nosocomial pneumonia, partic
ularly ventilator-associated pneumonia (VAP) [11]. Multiple 
broad-spectrum antibacterial agents were utilized during the Covid-19 
outbreak, and the great majority of patients hospitalized with 
Covid-19 were given empirical antimicrobial therapy before secondary 
bacterial infections were confirmed [11,12]. Guidelines, on the other 
hand, advocate the use of culture-based approaches to limit over
diagnosis and facilitate appropriate antimicrobial therapy in VAP [13]. 
Therefore, determining the causative microorganisms and their anti
biotic susceptibility in these units is important to both guide empirical 
treatment and to reduce mortality and morbidity [14]. 

In this study; It was aimed to determine the bacterial agents isolated 
from ETA cultures of Covid-19 general intensive care patients and to 
evaluate the antibiotic resistance profiles of common bacterial agents 
compared to the pre-pandemic period. 

2. Materials and methods 

On April 1, 2020, general intensive care unit (ICU) 1 was reserved for 
Covid-19 patients in our hospital. In this study, the results of endotra
cheal aspirate (ETA) cultures sent from general ICU between April 1, 
2019–March 31, 2020, and ETA cultures sent from Covid-19 intensive 
care patients between April 1, 2020–March 31, 2021 (post-pandemic) 
were investigated retrospectively. Microorganisms that were evaluated 
to be the cause of lower respiratory tract infection as a result of the 
culture of ETA samples taken from the patients were included in the 
study. To detect Covid-19, reverse transcription real-time polymerase 
chain reaction was performed from respiratory tract samples. 

ETA samples taken into a Luken tube were evaluated in the micro
biology laboratory. An equal amount of sterile saline was added to the 
samples and mixed. Then, 0.01 mL of this mixture was inoculated on 5% 
sheep blood agar, Eosin-Methylene blue (EMB) agar, and chocolate agar 
media. The preparation was prepared from the samples for microscopic 
evaluation and stained by the gram method. The quality of the sample, 
the predominant microorganisms, and leukocytes were investigated. 

The samples were incubated in an incubator at 37 ◦C for 24–48 h. 
Growing bacteria were evaluated quantitatively and growths of 105 

CFU/mL and above were considered significant [15,16]. When the same 
agent was grown in more than one ETA culture of the same patient, only 

the first isolated strain was evaluated. Identification of bacteria and 
their antibiotic susceptibility were determined by the VITEK 2 (bio
Merieux, France) automated identification system. The results were 
evaluated according to the “European Committee for Antimicrobial 
Susceptibility Tests ”(EUCAST) standard. This study was approved by 
the Siirt University Non-Interventional Clinical Research Ethics Com
mittee (Meeting date: May 28, 2021, meeting number: 10241, decision 
no: 2021/01.01) and the Republic of Turkey Ministry of Health as well 
(Date: July 03, 2021). 

2.1. Statical analysis 

Statistical analysis of the data was carried out with the Statistical 
Package for Social Science for Windows (SPSS) 26 program and it was 
studied with a confidence level of 95%. A value of p < 0.05 was 
considered statistically significant. In the study; a Chi-square test was 
applied to compare the antibiotic resistance profiles of common bacte
rial agents in ETA cultures of Covid-19 intensive care patients compared 
to the pre-pandemic period. The length of stay did not show a normal 
distribution, so the Mann-Whitney test was used. Chi-square test for 
mortality was used in relation to gender, and independent groups t-test 
was used in relation to age (showing normal distribution). 

3. Results 

ETA cultures of 73 (7.5%) of 971 patients hospitalized in the ICU 
before the pandemic had a total of 119 significant growths, together 
with polymicrobial growths. 49 (67.1%) of the patients considered as 
causative were male, 24 (32.9%) were female; the mean age of men was 
found as 69.45 ± 17.78, and the mean age of women was 76.38 ± 16.30. 
After the pandemic, there were 87 significant growths in the ETA cul
tures of 67 (11.1%) of 602 patients hospitalized in the Covid-19 ICU. Of 
the patients considered as causative, 42 (62.7%) were male, 25 (37.3%) 
were female; the mean age of men was found as 70.31 ± 11.76, and the 
mean age of women was found as 72.08 ± 11.49. While 61 (83.6%) of 
the patients in the ICU died before the pandemic, 63 (94.0%) of the 
patients in the Covid-19 ICU died after the pandemic. There was no 
significant difference between the two ICUs in terms of age, gender, and 
mortality (p > 0.05) (Table 1). The mean length of stay in the ICU was 
found as 33.59 ± 32.89 before the pandemic, and 13.49 ± 8.03 in the 

Table 1 
Comparison of pre-pandemic ICU and Covid-19 ICU patients in terms of age, 
gender, length of stay, and mortality.  

Variable  Pre- 
pandemic 
ICU 

Covid- 
19 ICU 

Total Statistics p 
value 

Aget Male 69.45 ±
17.78 

70.31 
±

11.76 

69.85 
±

15.22 

− 0.276 0.783 

Female 76.38 ±
16.30 

72.08 
±

11.49 

74.18 
±

14.07 

1070 0.290 

Total 71.73 ±
17.50 

70.97 
±

11.60 

71.36 
±

14.93 

0.303 0.762 

Length of 
stayU 

Total 33.59 ±
32.89 

13.49 
± 8.03 

23.97 
±

26.31 

1281.0 0.000a 

MortalityX2 Alive 12 (16.4) 4 (6.0) 16 
(11.4) 

2819 0.093 

Death 61 (83.6) 63 
(94.0) 

124 
(88.6) 

GenderX2 Male 49 (67.1) 42 
(62.7) 

91 
(65.0) 

0.139 0.710 

Female 24 (32.9) 25 
(37.3) 

49 
(35.0)  

a p < 0.05 significant relationship/difference, U: Mann Whitney, t: indepen
dent group. t, X2: Chi-square. 
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post-pandemic ICU. This difference was statistically significant (p <
0.05). 

The most common causative microorganisms detected in pre- 
pandemic ICU ETA samples were Acinetobacter baumannii 34 (28.5%), 
Klebsiella pneumoniae 27 (22.6%), Pseudomonas aeruginosa19 (15.9%), 
Staphylococcus aureus 8 (6.7%), Escherichia coli 9 (7.5%), Candida spp. 6 
(5.0%), while the most common causative microorganisms detected in 
Covid-19 ICU ETA samples were A. baumannii 47 (54.0%), 
K. pneumoniae 9 (10.3%), P. aeruginosa 6 (6.8%), E. faecium 7 (8%) and 
Candida spp.12 (13.7). The distribution of agents in ETA cultures is 
given in Table 2. In the pre-pandemic ICU samples, the rates of resis
tance to amikacin in A. baumannii, K. pneumoniae, and P. aeruginosa were 
44.1%, 46.2%, and 21.1%, respectively. However, the rates of resistance 

Table 2 
Distribution of bacterial agents isolated from ETA cultures of ICU patients before 
the pandemic and Covid-19 ICU patients during the pandemic.  

Agent Pre-pandemic ICU n (%) Covid-19 ICU n (%) 

Acinetobacter baumannii 34 (28.5) 47 (54.0) 
Klebsiella pneumoniae 27 (22.6) 9 (10.3) 
Pseudomonas aeruginosa 19 (15.9) 6 (6.8) 
Escherichia coli 9 (7.5) 1 (1.1) 
Proteus mirabilis 8 (6.7) 0 
Enterobacter aerogenes 2 (1.6) 0 
Stenotrophomonas maltophilia 0 1 (1.1) 
Sphingomonas paucomobilis 1 (0.8) 0 
Serratia marcescens 1 (0.8) 0 
Staphylococcus aureus 8 (6.7) 2 (2.2) 
Enterococcus faecium 0 7 (8.0) 
Streptococcus pneumoniae 4 (3.3) 2 (2.2) 
Candida spp. 6 (5.0) 12 (13.7) 

Total 119 87  

Table 3 
Comparison of antibiotic resistance rates of Acinetobacter baumannii strains 
isolated from ETA cultures of pre-pandemic ICU and pandemic-period Covid-19 
ICU patients.   

Pre-pandemic ICU Covid-19 ICU Total p 

S R S R S R 

AK 19 
(55.9) 

15 
(44.1) 

17 
(36.2) 

30 
(63.8) 

36 
(44.4) 

45 
(55.6) 

0.125 

GN 4 
(14.3) 

24 
(85.7) 

2 (4.3) 45 
(95.7) 

6 (8) 69 (92) 0.188 

COL 33 
(100) 

0 (0) 47 
(100) 

0 (0) 80 
(100) 

0 (0) x 

MEM 0 (0) 34 
(100) 

0 (0) 46 
(100) 

0 (0) 80 
(100) 

x 

TPZ 0 (0) 17 
(100) 

0 (0) 46 
(100) 

0 (0) 63 
(100) 

x 

NET 2 (6.3) 30 
(93.8) 

0 (0) 44 
(100) 

2 (2.6) 74 
(97.4) 

0.174 

CİP 0 (0) 33 
(100) 

0 (0) 47 
(100) 

0 (0) 80 
(100) 

x 

LEV 0 (0) 34 
(100) 

0 (0) 41 
(100) 

0 (0) 75 
(100) 

x 

IMP 0 (0) 17 
(100) 

0 (0) 41 
(100) 

0 (0) 58 
(100) 

x 

TGC 28 
(82.4) 

6 
(17.6) 

45 
(97.8) 

1 (2.2) 73 
(91.3) 

7 (8.8) 0.038* 

TOB 6 
(18.8) 

26 
(81.3) 

1 (2.3) 42 
(97.7) 

7 (9.3) 68 
(90.7) 

0.037* 

SXT 19 
(55.9) 

15 
(44.1) 

25 
(53.2) 

22 
(46.8) 

44 
(54.3) 

37 
(45.7) 

0.989 

*p < 0.05 significant relationship, p > 0.05 no significant relationship; Chi- 
square test – x:Test not possible. 
AK: amikacin, GN: gentamicin, COL: colistin, MEM: meropenem, TPZ: piper
acillin tazobactam, NET: netilmicin, CIP: ciprofloxacin, LEV: levofloxacin, IMP: 
imipenem, TGC: tigecycline, TOB: tobramycin, SXT: trimethoprim 
sulfamethoxazole. 

Table 4 
Comparison of antibiotic resistance rates of Klebsiella pneumoniae strains isolated 
from ETA cultures of pre-pandemic ICU and pandemic-period Covid-19 ICU 
patients.   

Pre-pandemic ICU Covid-19 ICU Total p 

S R S R S R 

AK 14 
(53.8) 

12 
(46.2) 

5 
(55.6) 

4 
(44.4) 

19 
(54.3) 

16 
(45.7) 

0.999 

GN 17 (63) 10 (37) 5 
(55.6) 

4 
(44.4) 

22 
(61.1) 

14 
(38.9) 

0.712 

COL 19 
(90.5) 

2 (9.5) 4 
(57.1) 

3 
(42.9) 

23 
(82.1) 

5 
(17.9) 

0.082 

MEM 7 (35) 13 (65) 2 
(28.6) 

5 
(71,.4) 

9 
(33.3) 

18 
(66.7) 

0.999 

ETP 10 
(38.5) 

16 
(61.5) 

2 
(28.6) 

5 
(71.4) 

12 
(36.4) 

21 
(63.6) 

0.999 

AMC 5 
(22.7) 

17 
(77.3) 

1 (20) 4 (80) 6 
(22.2) 

21 
(77.8) 

0.999 

TPZ 7 
(29.2) 

17 
(70.8) 

2 
(22,2) 

7 
(77.8) 

9 
(27.3) 

24 
(72.7) 

0.999 

CAZ 2 (9.5) 19 
(90.5) 

1 
(11.1) 

8 
(88.9) 

3 (10) 27 (90) 0.999 

CİP 7 
(30.4) 

16 
(69.6) 

0 (0) 9 (100) 7 
(21.9) 

25 
(78.1) 

0.149 

TGC 18 
(69.2) 

8 
(30.8) 

6 
(66.7) 

3 
(33.3) 

24 
(68.6) 

11 
(31.4) 

0.999 

SXT 6 
(27.3) 

16 
(72.7) 

3 
(33.3) 

6 
(66.7) 

9 (29) 22 (71) 0.999 

FEP 6 (24) 19 (76) 2 
(22.2) 

7 
(77.8) 

8 
(23.5) 

26 
(76.5) 

0.999 

p < 0.05 significant relationship, p > 0.05 no significant relationship; Chi-square 
test. 
AK: amikacin, GN: gentamicin, COL: colistin, MEM: meropenem, ETP: ertape
nem, AMC: amoxicillin clavulanic acid, TPZ: piperacillin tazobactam, CAZ: 
ceftazidime, CIP: ciprofloxacin, TGC: tigecycline, SXT: trimethoprim, sulfa
methoxazole, FEP: cefepime. 

Table 5 
Comparison of antibiotic resistance rates of Pseudomonas aeruginosa strains 
isolated from ETA cultures of pre-pandemic ICU and pandemic-period Covid-19 
ICU patients.   

Pre-pandemic ICU Covid-19 ICU Total p 

S R S R S R 

AK 15 
(78.9) 

4 
(21.1) 

3 (50) 3 (50) 18 (72) 7 (28) 0.298 

GN 14 
(77.8) 

4 
(22.2) 

4 
(66.7) 

2 
(33.3) 

18 (75) 6 (25) 0.618 

COL 18 
(94.7) 

1 (5.3) 5 
(83.3) 

1 
(16.7) 

23 (92) 2 (8) 0.430 

MEM 13 
(68.4) 

6 
(31.6) 

3 (50) 3 (50) 16 (64) 9 (36) 0.630 

TPZ 12 
(63.2) 

7 
(36.8) 

3 (50) 3 (50) 15 (60) 10 (40) 0.653 

CAZ 13 
(72.2) 

5 
(27.8) 

1 
(16.7) 

5 
(83.3) 

14 
(58.3) 

10 
(41.7) 

0.049* 

NET 9 
(64.3) 

5 
(35.7) 

3 (50) 3 (50) 12 (60) 8 (40) 0.642 

CİP 13 
(68.4) 

6 
(31.6) 

3 (50) 3 (50) 16 (64) 9 (36) 0.630 

LEV 12 
(70.6) 

5 
(29.4) 

1 
(16.7) 

5 
(83.3) 

13 
(56.5) 

10 
(43.5) 

0.050* 

IMP 10 
(52.6) 

9 
(47.4) 

3 (60) 2 (40) 13 
(54.2) 

11 
(45.8) 

0.999 

FEP 11 
(64.7) 

6 
(35.3) 

1 
(16.7) 

5 
(83.3) 

12 
(52.2) 

11 
(47.8) 

0.069 

p < 0.05 significant relationship, p > 0.05 no significant relationship; Chi-square 
test. 
AK: amikacin, GN: gentamicin, COL: colistin, MEM: meropenem, TPZ: piper
acillin tazobactam, CAZ: ceftazidime NET: netilmicin, CIP: ciprofloxacin, LEV: 
levofloxacin, IMP: imipenem, FEP: cefepime. 
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to meropenem were detected as 100%, 65.0%, and 31.6%, respectively. 
Colistin resistance rates in A. baumannii, K. pneumoniae, and 
P. aeruginosa were 0%, 9.5%, and 5.3%, respectively. Antibiotic resis
tance rates of S.aureus isolates were found as 37.5% for oxacillin, 75.0% 
for penicillin, 28.5% for erythromycin,12.5% for clindamycin, 0% for 
vancomycin, 25.0% for ciprofloxacin, 20.0% for levofloxacin, 20.0% for 
tetracycline, 12.5% for gentamicin, 0% for daptomycin and 0% for 
linezolid. 

The rates of resistance to amikacin in A. baumannii, K. pneumoniae, 
and P. aeruginosa in Covid-19 ICU samples were 63.8%, 44.4%, and 
50.0%, respectively, while the rates of resistance to meropenem were 
100%, 71.4%, and 50.0%, respectively. Colistin resistance rates in 
A. baumannii, K. pneumoniae, and P. aeruginosa were found as 0%, 
42.9%, and 16.7%, respectively. Comparison of the antimicrobial 
resistance rates of the most commonly isolated agents is shown in 
Tables 3–5, as well as in Figs. 1–3. An increase in antibiotic resistance 
rates were observed in A. baumannii strains after the pandemic, except 
for tigecycline. A significant difference was found in the increase of 
resistance only for tobramycin among these antibiotics (p = 0.037). 
Tigecycline resistance rate, on the other hand, was 17.6% before the 
pandemic and decreased to 2.2% after the pandemic. This difference was 
statistically significant (p < 0.05). When the antibiotic resistance rates 
of K. pneumoniae strains were compared, an increase in resistance was 
observed in gentamicin, colistin, meropenem, ertapenem, amoxicillin- 
clavulanic acid, piperacillin tazobactam, ciprofloxacin, tigecycline, 
and cefepime antibiotics after the pandemic. However, these increases 
were not statistically significant. An increase in antibiotic resistance 
rates was detected in P. aeruginosa strains after the pandemic, except for 
imipenem. A significant difference was found in the resistance increase 

of the studied antibiotics ceftazidime and levofloxacin (p < 0.05). 

4. Discussion 

The pandemic of SARS-CoV-2 infection in early 2020 hit most 
countries in the world seriously, and one of the biggest challenges posed 
by this infection was the large number of patients requiring intensive 
care [17]. In other severe acute respiratory syndrome (SARS) outbreaks 
have been reported bacterial and fungal superinfections during intensive 
care unit stays. However, limited data are available on Covid-19 pa
tients. Although many researchers recognize the significance of super
infection, definitive data are still lacking [18,19]. Since some patients 
used antibiotics before culture, microorganisms cannot grow as a result 
of culture. In a study conducted in Tehran, Iran, A. baumannii and 
K. pneumoniae were found to have the highest incidence rates in ICUs 
[20]. In a study investigating secondary infection of the lower respira
tory tract of Covid-19 patients in intensive care, A. baumannii was found 
to be the most common organism, followed by S. aureus [21]. In a study 
of respiratory pathogens from lower respiratory tract specimens of adult 
patients in intensive care units, the most common pathogens detected 
were K. pneumoniae (21.3%), P. aeruginosa (14.9%), A. baumannii 
(12.8%), and S. aureus (12.8%) [22]. Genç et al. [23] evaluated the 
agents of hospital pneumonia in ICU and reported that Gram-negative 
bacteria A. baumannii, Pseudomonas spp., and Gram-positive bacteria 
S. aureus were the most common agents. In our study, which focused on 
bacterial coinfection of the lower respiratory tract of patients in the 
Covid-19 ICU, A. baumannii was the most common microorganism, fol
lowed by K. pneumoniae, as in the pre-pandemic period. In the present 
study, E. faecium (8%) was found to be the most common Gram-positive 

Fig. 1. Comparison of antibiotic resistance rates of Acinetobacter baumannii strains isolated from ETA cultures of pre-pandemic ICU and pandemic-period Covid-19 
ICU patients. 
AK: amikacin, GN: gentamicin, COL: colistin, MEM: meropenem, TPZ: piperacillin-tazobactam, NET: netilmicin, CIP: ciprofloxacin, LEV: levofloxacin, IMP: imipe
nem, TGC: tigecycline, TOB: tobramycin, SXT: trimethoprim-sulfamethoxazole. 
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bacteria in Covid-19 ICU, and S. aureus (6.7%) in pre-pandemic ICU. 
In a study focusing on secondary infection of the lower respiratory 

tract in Covid-19 ICU patients, the average length of stay in the ICU was 
found to be approximately 15 days, and 95% of the cases died at the end 
of the study [21]. In their study, Bardi et al. [24] found the mortality rate 
of nosocomial infections in Covid-19 ICUs as 36% (51/140) and the 
average hospitalization period as 14 days. In our study, the hospitali
zation period was found to be 13.49 ± 8.03 in Covid-19 ICU patients, 
and 33.59 ± 32.89 in the pre-pandemic period, and this difference was 
significant (p < 0.05). In the present study, the mortality rate was found 
to be 94% (64/67) in Covid-19 ICU patients, and 83.6% (62/73) in 
pre-pandemic ICU patients (p > 0.05). 

Overuse of antimicrobials increases the risk of multi-resistant hos
pital-acquired secondary infections associated with adverse clinical 
outcomes [25]. Therefore, the application of empirical antibiotic 
coverage in Covid-19 patients should be carefully evaluated. Examining 
the prevalence and etiology of bacterial coinfections in patients with 
viral respiratory tract infections can be of great help in initiating early 
and appropriate antimicrobial therapy and improving prognosis. The 
reported incidence of coinfection in Covid-19 patients ranges from 3.6% 
to 43% [26]. Acer et al. [27] detected bacterial coinfection in 64 (8.9%) 
of 720 Covid-19 patients. In a study involving 140 patients with severe 
Covid-19 admitted to the intensive care unit, 57 patients (40.7%) were 
reported developing a bacterial or fungal infection during their stay in 
the intensive care unit [24]. In another study, coinfections with Enter
obacterales (34.0%) and Aspergillus fumigatus (18.0%) were detected in 
critically ill patients (n = 50) admitted to intensive care units [28]. In 
another study conducted to determine the incidence, 731 intensive care 
patients who were positive for Covid-19 were examined. The presence of 
lower respiratory tract infection in 24 of these patients and the presence 

of bacteremia in 103 of these patients were detected in the culture 
medium [29]. In another study investigating bacterial and fungal 
co-infections among Covid-19 patients in the intensive care unit, the 
pathogen was detected in 58.3% of respiratory tract samples [30]. 
Rawson et al. [19] reported defined bacterial or fungal co-infection in 62 
(8%) of 806 Covid-19 patients; However, 72% of these patients were 
given systemic antibacterial drugs. In our study, the incidence of bac
terial and fungal co-infection in the lower respiratory tract in Covid-19 
ICU patients was found to be 11.1%. 

Sharifipour et al. [21] showed that A. baumannii isolates grown in 
ETA cultures of Covid-19 patients in the ICU were highly resistant to all 
antibiotics tested, except colistin, with a resistance rate of 52%. In the 
report of the antibiotic resistance research conducted by the Ministry of 
Health in 2017, while colistin resistance was found to be 3.9% for 
A. baumannii, imipenem resistance was 97.42%, levofloxacin resistance 
was 97.19%, meropenem resistance was 97.16%, and tigecycline resis
tance was 34.193 [31]. In a study evaluating hospital-acquired pneu
monia cases in intensive care patients, carbapenem resistance in 
Acinetobacter strains was determined as 100%, and the rates of resistance 
to netilmicin and colistin were determined as 48.5% and 0%, respec
tively [23]. Similarly, in our study, carbapenem resistance in 
A. baumannii isolates was found to be 100%, colistin resistance was 0%, 
and netilmicin resistance was found to be 30% before the pandemic and 
44% after the pandemic. Colistin has become almost the only option for 
A. baumannii strains, which are the most common agents in ETA cultures 
in ICUs in our hospital. In our study, although more intensive care unit 
admissions were observed in the pre-pandemic period, A. baumannii 
infection was found much more frequently in patients followed up 
during the pandemic period. In different studies on resistance, an in
crease in resistance rates in Gram-negative bacilli has been 

Fig. 2. Comparison of antibiotic resistance rates of Klebsiella pneumoniae strains isolated from ETA cultures of pre-pandemic ICU and pandemic-period Covid-19 ICU 
patients. 
AK: amikacin, GN: gentamicin, COL: colistin, MEM: meropenem, ETP: ertapenem, AMC: amoxicillin-clavulanic acid, TPZ: piperacillin-tazobactam, CAZ: ceftazidime, 
CIP: ciprofloxacin, TGC: tigecycline, SXT: trimethoprim, sulfamethoxazole, FEP: cefepime. 
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demonstrated [32,33]. In our study, resistance increase occurred in 
almost all antibiotics we examined over the years in K. pneumoniae and 
P. aeruginosa isolates, which are the most common pathogens seen in 
ETA cultures following A. baumannii in both intensive care units. The 
increase in resistance in K. pneumoniae strains was not found statistically 
significant (p > 0.05). The increase in resistance to ceftazidime and 
levofloxacin was significant in P. aeruginosa strains (p < 0.05). The 
reason for this increase in resistance may be the increased need for an
tibiotics in Covid-19 patients or the increased use of unnecessary 
empirical antibiotics. Given the potential misuse of empirical 
broad-spectrum antibiotics in severe Covid-19 patients, the focus should 
be on the careful use of antibiotics based on culture results to reduce the 
development of resistance [34]. 

In conclusion, as seen in our study, the Covid-19 pandemic requires 
intensive care follow-ups at an earlier age and with a more mortal 
course. Although the length of stay in the intensive care unit has been 
shortened, it is observed that this situation is observed due to early 
mortality. In P. aeruginosa strains, a significant difference was detected in 
the resistance increase of the ceftazidime and levofloxacin (p < 0.05). 
With the exception of tigecycline, antibiotic resistance rates in 
A. baumannii strains increased following the pandemic. Only tobramycin 
showed a significant difference in the increase of resistance among these 
antibiotics (p = 0.037). The rate of tigecycline resistance, on the other 

hand, was 17.6% before the pandemic and 2.2% afterward. Secondary 
infections in patients create more difficult treatment processes due to 
both Covid-19 and increasing antibiotic resistance today. 
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Raporu, 2017. Erişim adresi: https://infline saglik gov tr/login aspx, 2018. 

[32] S.H. MacVane, Antimicrobial resistance in the intensive care unit: a focus on gram- 
negative bacterial infections, J. Intensive Care Med. 32 (2017) 25–37. 

[33] Europe Arsi, Annual Report of the European Antimicrobial Resistance Surveillance 
Network (EARS-Net), European Centre for Disease Prevention and Control 
Stockholm, 2017. 

[34] C.J. Clancy, M.H. Nguyen, COVID-19, superinfections and antimicrobial 
development: what can we expect? Clin. Infect. Dis. 71 (10) (2020) 2736–2743. 

Y.G. Bahçe et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S0882-4010(22)00022-5/sref7
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref7
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref7
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref8
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref8
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref8
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref9
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref9
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref9
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref9
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref10
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref10
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref11
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref11
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref11
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref12
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref12
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref13
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref13
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref13
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref13
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref13
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref13
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref13
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref13
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref14
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref14
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref14
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref15
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref15
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref15
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref16
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref16
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref16
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref17
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref17
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref18
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref18
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref18
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref19
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref19
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref19
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref19
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref20
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref20
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref20
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref21
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref21
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref21
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref22
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref22
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref22
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref22
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref22
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref23
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref23
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref23
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref23
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref24
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref24
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref24
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref24
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref25
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref25
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref25
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref26
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref26
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref27
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref27
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref27
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref28
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref28
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref28
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref28
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref29
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref29
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref29
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref30
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref30
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref30
https://infline%20saglik%20gov%20tr/login%20aspx
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref32
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref32
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref33
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref33
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref33
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref34
http://refhub.elsevier.com/S0882-4010(22)00022-5/sref34

