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ABSTRACT 
Objective: Coronavirus disease 2019 (COVID-19) presents with a broad range of symptoms, 
varying from mild or moderate illness to severe cases such as acute respiratory distress 
syndrome (ARDS) and death.  This study aimed to identify risk factors associated with the 
development of ventilator-associated pneumonia (VAP) and its impact on 14-day mortality 
in mechanically ventilated COVID-19 patients.

Materials and Methods: This study was conducted in our hospital's intensive care units 
(ICUs) between July 2020 and July 2021. It included patients aged 18 years and older who 
tested positive for SARS-CoV-2 by PCR. Demographic data, comorbidities, immunosuppres-
sive treatments, antimicrobial therapies, and laboratory values were evaluated, along with 
pathogen identification and antimicrobial resistance rates.

Results: A total of 311 patients were included in the study. The mean age was 72.6 ± 11.9 
years. Hypertension (48.6%) was the most frequent comorbidity. Among patients who sur-
vived on day 14, higher rates of methylprednisolone (MP) use were observed (p=0.019), along 
with longer duration (p<0.001) and greater total dose (p<0.001). Pulse steroid therapy was 
more common in survivors (28%, p=0.007). Among patients who developed VAP, the du-
ration and total dose of MP were higher (p<0.001 for both). Antibiotic therapy on day 14 
showed macrolides (59.6%) and third-generation cephalosporins (36.5%) as the most fre-
quently used. Acinetobacter baumannii was the most commonly isolated pathogen (62.5%), 
with 100% resistance to third-generation cephalosporins in Acinetobacter strains and 83.3% 
in Klebsiella pneumoniae. All strains of A. baumannii, K. pneumoniae, and Escherichia coli were 
resistant to carbapenems.

Conclusion: Fourteen-day survival was associated with higher corticosteroid use, including 
dexamethasone and MP, along with pulse steroid therapy. The use of immunosuppressive 
agents was more common in patients who developed VAP. Given the potential link between 
immunosuppressive therapy and VAP development, tailored treatment strategies should be 
considered for these patients.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a dis-
ease with a wide clinical spectrum ranging 
from mild to moderate illness to acute re-

spiratory distress syndrome (ARDS) and death. 
Approximately 25% of patients with COVID-19-re-
lated ARDS required mechanical ventilation due 
to respiratory failure and were treated in intensive 
care units (ICUs) (1). While the overall mortality 
rate in the ICU is around 60%, the mortality rate in 
patients receiving mechanical ventilation is higher, 
ranging from 24% to 80% (2). 

Despite advances in antimicrobial treatment, sup-
portive care, and preventive measures, the mortal-
ity rate for patients who develop ventilator-associ-
ated pneumonia (VAP) remains around 13%. VAP is 
a morbidity and mortality factor that affects the 
clinical course of approximately 10% of patients in 
the ICU (3). The development of VAP is more fre-
quent in patients with COVID-19-related ARDS (4). 
Mortality rates are observed to be higher in patients 
who develop VAP during COVID-19 (5). This study 
aimed to identify risk factors for mortality on day 
14 of hospitalization, risk factors for VAP develop-
ment, factors affecting mortality in patients who 
developed VAP, and to assess antimicrobial resis-
tance patterns of isolated pathogens in mechani-
cally ventilated patients with COVID-19.

MATERIALS AND METHODS

A retrospective observational cohort study was de-
signed to evaluate COVID-19-positive patients devel-
oping VAP.  Patients aged ≥18 who received COVID-19 
treatment in the ICU while receiving ventilator sup-
port between July 2020 and July 2021 were analyzed. 
Patients who tested negative for COVID-19 RT-PCR, 
were followed outpatient for COVID-19, had bacteri-
al pneumonia upon ICU admission, or had been on 
mechanical ventilation for less than two days were 
excluded from the study. Kayseri City Hospital Clin-
ical Research Ethics Committee approved the study 
on August 22, 2023, with the decision number 889. 

Demographic data, risk factors, comorbidities, acute 
physiology and chronic health evaluation (APACHE) 
II scores, administered anti- inflammatory agents, 

antibiotics, and durations were recorded for pa-
tients hospitalized with COVID-19 pneumonia. En-
dotracheal aspirate cultures and sensitivity results 
were collected along with 

VAP was diagnosed in patients who developed at 
least two of the following symptoms or signs after 
48 hours of mechanical ventilation: new-onset fever 
(≥38°C) or hypothermia (≤36°C), new or increased 
respiratory secretions, leukocytosis or leukopenia, 
increased minute ventilation rate, decreased arte-
rial oxygenation, increased requirement for vaso-
pressor infusion to maintain target blood pressure, 
or new or progressive infiltrates on chest radio-
graphs or computed tomography (CT) scans (6).

Microbiological investigation was performed on 
endotracheal aspirate (ETA) samples, and any sig-
nificant growth with a colony-forming unit (CFU) 
count of ≥105/mL was identified using the VITEK 2 
system (bioMérieux, France). Antimicrobial suscep-
tibility testing of the isolated bacteria was tested 
using the standard disc diffusion method (modified 
Kirby-Bauer technique) on Muller-Hinton agar, ac-
cording to guidelines of the European Committee on 
Antimicrobial Susceptibility Testing (EUCAST). The 
disk elution method was used to determine colistin 
susceptibility in carbapenem-resistant isolates.

HIGHLIGHTS

• Higher use of methylprednisolone and dexameth-
asone was observed in all patient groups who sur-
vived. Additionally, the duration and total dose of 
methylprednisolone use were higher in the group 
that developed ventilator-associated pneumonia. 

• In terms of 14-day mortality, the rate of pulse 
steroid use was higher in the survivor group com-
pared to non-survivors.

• The incidence of Stenotrophomonas maltophilia (5%) 
was lower compared to reported in other studies. 
The resistance rate of S. maltophilia was 50% to 
fluoroquinolones and 33% to trimethoprim-sul-
famethoxazole. 

• The resistance of Klebsiella pneumoniae to 
third-generation cephalosporins and carbapen-
ems was found to be high, while colistin resis-
tance was lower.
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Statistical analysis was performed using IBM SPSS 
Statistics for Windows, Version 25.0 (IBM Corp., Ar-
monk, NY, USA). Chi-square or Fisher's exact test 
was used for comparisons of categorical variables. 
Normality was assessed using the Shapiro-Wilk 
test and histogram analysis. Parametric data were 
analyzed using Student's t-test for comparisons be-
tween groups, while non-parametric data were ana-
lyzed using the Mann-Whitney U test. Binary logis-
tic regression was applied to dependent categorical 
variables. Patients were classified into three groups 
based on survival on day 14, the development of 
VAP, and survival on day 14 for patients who devel-
oped VAP. The demographic characteristics, immu-
nosuppressive and antibiotic treatments, pathogen 
resistance patterns, and prognosis of these groups 
were compared.

RESULTS

A total of 339 patients were analyzed during the 
study period. After excluding 28 patients with an 

ICU stay of less than 48 hours, 311 patients were in-
cluded in the final analysis (Figure 1). The mean age 
was 72.6 ± 11.9 years, and 62.7% of the patients were 
male. The median APACHE II score was 10. A comor-
bid condition was present in 32.2% of patients, with 
hypertension being the most frequent comorbidity 
(48.6%). Of patients, 83.9% had died by day 14. The 
median hospital stay for the patients was 16 days, 
while the median ICU stay was 11 days. VAP was 
detected in 33.4% of the patients. 

Regarding COVID-19 treatment, 77.2% of the pa-
tients received corticosteroids: 32.5% received 
dexamethasone only, and 56.6% received methyl-
prednisolone (MP) only. Additionally, 17.7% were 
treated with tocilizumab, and 15.4% received pulse 
steroid therapy (>250 mg/day). The demographic 
and clinical characteristics of the patients are pre-
sented in Table 1.

The patients included in the study were evaluated 
for 14-day mortality and divided into two groups: 

Figure 1. Distribution of patients.
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survivors and non-survivors. The characteristics of 
the groups are shown in Table 2. Steroids were ad-
ministered to 74.3% of the non-survivors and 86% 

of the survivors for the treatment of COVID-19. The 
duration of dexamethasone use was significantly 
longer in the non-survivor group (p=0.003). How-
ever, MP use was more common among the survi-
vors (p=0.016). The median duration of MP use was 
significantly longer in the survivor group (p<0.001), 
with a median total dose of 600 mg, which was 
significantly higher (p=0.002) compared to the 
non-survivor group. Furthermore, pulse steroid 
therapy was administered to 13% of the non-sur-
vivors and 28% of the survivors (p=0.007). The total 
dose of pulse steroids was significantly higher in 
the non-survivor group. VAP was detected in 68% of 
the survivors, which was significantly higher than 
in the non-survivors (p<0.001) (Table 2).

The patients were also divided into two groups 
based on the development of VAP: VAP and non-VAP 
groups. It was found that the incidence of VAP was 
higher in the older age group (p<0.001). The APACHE 
II score was significantly lower in the VAP group, 
with a median score of 9 (range, 2–31; p<0.001). Hy-
pertension was present in 52.7% of patients with-
out VAP (p=0.041). Chronic obstructive pulmonary 
disease (COPD) was observed in 26.9% of patients 
with VAP, which was significantly higher compared 
to those observed in 14.5% of the non-VAP group 
(p=0.008) (Table 3). In the binary logistic regression 
analysis, the likelihood of developing VAP was 2.4 
times higher in those with COPD (95% confidence 
interval [CI], 1.32–4.34; p=0.004). Among patients 
who developed VAP, the median duration of MP use 
was 7 days (p=0.003), and the total dose was sig-
nificantly higher (p<0.001). A higher proportion of 
patients who developed VAP (27.9%) received tocili-
zumab compared to the non-VAP group (p<0.001). 
Additionally, 21.2% of patients with VAP received 
pulse steroid therapy, which was significantly high-
er than in the non-VAP group (p=0.048). A compar-
ison of the patient groups with and without VAP is 
presented in Table 3.

Among the patients who developed VAP, two sub-
groups were formed based on 14-day survival: 
survivors and non-survivors. In the non-survivor 
group, the median duration of dexamethasone use 
was 7 days, shorter than that in the survivors, while 
the daily dose was higher, with a median of 16 mg 
(p=0.024). Similarly, the median duration of MP use 

n (%)

Age, mean ± SD 72.6 ± 11.9

18–45 years 5 (1.6)

45–59 years 37 (11.9)

60–75 years 136 (43.7)

75 years and older 133 (42.8)

Sex, male 195 (62.7)

Comorbidities

Hypertension 151 (48.6)

Diabetes mellitus 103 (33.1)

Chronic obstructive pulmonary disease 58 (18.6)

Coronary artery disease 58 (18.6)

Solid tumor 38 (12.2)

Chronic kidney disease 38 (12.2)

One comorbid condition 100 (32.2)

Two comorbid conditions 84 (27)

More than two comorbid conditions 51 (16.4)

Clinical Parameters 

APACHE II score, median (min–max) 10.0 (1–49)

Mechanical ventilation days 4 (3–65)

Ventilator-associated pneumonia 104 (33.4)

Tracheostomy 50 (16.1)

Central venous catheter 260 (83.6)

Urinary catheter 304 (98)

Decubitus ulcer 52 (16.8)

Other (e.g., Chest tube) 19 (6.1)

14-day mortality 261 (83.9)

Hospitalization days, median (min–max) 16 (3–79)

Mechanical ventilation duration until VAP 
diagnosis, median (min–max) 4 (3–31)

ICU admission days, median (min–max) 11 (3–65)

Table 1. Demographic characteristics of the patients 
included in the study (n=311).

APACHE: Acute physiology and chronic health evaluation,  
SD: Standard deviation, ICU: Intensive care unit.
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Survivors
n=50 (%)

Non-Survivors
n=261 (%) p

Age, mean ± SD 71.4 ± 10.9 72.9 ± 12.1 0.751

18–45 years (n=5) 2 (4) 3 (1.1) 0.142

45–59 years (n=75) 11 (22.0) 64 (24.6) 0.703

60–75 years (n=135) 25 (50) 110 (42.1) 0.305

75 years and older (n=96) 12 (24.0) 84 (32.2) 0.251

Sex (male) 31 (62.0) 164 (62.8) 1.000

APACHE II score, median (min-max) 10.0 (3–27) 11.0 (1–49) 0.539

Comorbidities

One comorbid condition 14 (28.0) 82 (31.4) 0.363

Two comorbid conditions 34 (68.0) 202 (77.4) 0.205

More than two comorbid conditions 20 (40.0) 120 (46.0) 0.382

Hypertension 20 (40.0) 131 (50.2) 0.218

Diabetes mellitus 17 (34.0) 86 (33.0) 0.871

Chronic obstructive pulmonary disease 9 (18.0) 49 (18.8) 0.539

Coronary artery disease 9 (18.0) 49 (18.8) 0.539

Solid tumor 2 (4.0) 19 (7.3) 0.547

Chronic kidney disease 3 (6.0) 35 (13.4) 0.164

Immunosuppressive Treatment, median (min-max)

Corticosteroid 43 (86.0) 194 (74.3) 0.076

Dexamethasone 15 (30.0) 85 (32.6) 0.722

Dexamethasone duration (days) 10 (1–20) 7 (1–16) 0.003

Dexamethasone daily dose (mg) 16 (8–24) 8 (8–32) 0.481

Dexamethasone total dose (mg) 124 (8–480) 80 (8–312) 0.057

Methylprednisolone 36 (72.0) 140 (53.6) 0.016

Methylprednisolone duration (days) 12 (1–43) 7 (1–26) <0.001

Methylprednisolone daily dose (mg) 40 (20–120) 60 (20–500) 0.399

Methylprednisolone total dose (mg) 600 (40–2400) 380 (40–2240) 0.002

Dexamethasone and methylprednisolone 11 (22) 31 (11.9) 0.055

Pulse steroid 14 (28.0) 34 (13.0) 0.007

Pulse steroid total dose (mg) 500 (120–1000) 750 (250–3750) 0.029

Tocilizumab 7 (14.0) 48 (18.4) 0.456

Total tocilizumab dose (mg) 200 (100–200) 200 (80–400) 1.000

Table 2. Comparison of the survivors and the non-survivors in the intensive care unit on day 14.
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was 7 days in the non-survivor group, significantly 
shorter than in the survivors (p=0.003).

In patients who developed VAP, 56.7% (n=59) had 
positive endotracheal aspirates (ETA) cultures. 
Among those with positive ETA cultures, 64.4% were 
in the non-survivor group. The most frequently 
isolated microorganism in the non-survivor group 
was Acinetobacter baumannii, accounting for 28.5% 
(20/38) of cases, followed by Klebsiella pneumoniae 
at 11.4% (8/38) (p=0.199 and p=0.635, respectively). 
Of the isolated bacteria, 96.3% were Gram-nega-
tive, while 3.7% were Gram-positive. The most fre-
quently isolated Gram-negative pathogen was A. 
baumannii at 62.5% (n=35), and the most common 
Gram-positive pathogen was Enterococcus spp. at 
3.7% (n=2) (Figure 2).

Resistance to fluoroquinolones was observed in 
100% of Escherichia coli and K. pneumoniae strains 
and 50% of Stenotrophomonas maltophilia strains. 
Resistance to third-generation cephalosporins was 
found to be in 100% of Acinetobacter spp. strains 
and in 83.3% of K. pneumoniae strains. All strains 
of A. baumannii, K. pneumoniae, and E. coli were re-
sistant to carbapenems. Colistin resistance was 
detected in A. baumannii at a rate of 2.9% and in 
K. pneumoniae at 25%. No colistin resistance was 
observed in Pseudomonas aeruginosa or E. coli. Addi-
tionally, vancomycin resistance was found in En-
terococcus spp. The distribution of isolates and the 

antimicrobial resistance rates in VAP patients are 
shown in Table 4.

On day 14, the antibiotic regimens administered to 
the patients with VAP included macrolides in 59.6% 

Other Variables, median (min-max)

Mechanical ventilation days 18 (14–65) 3 (3–13) <0,001

Central venous catheter 44 (88.1) 200 (76.9) 0.380

Urinary catheter 49 (98.5) 257 (98.5) 0.340

Decubitus ulcer 7 (13.6) 49 (18.9) 0.026

Hospitalization days 28.5 (15–79) 14 (3–48) <0.001

ICU Admission days 25 (14–65) 10 (3–38) <0.001

Ventilator-associated pneumonia 34 (68.0) 70 (26.8) <0.001

Time to mechanical ventilation 3 (0–22) 5 (0–35) 0.171

Time spent on MV until VAP development 9.5 (3–31) 3 (3–12) <0.001

VAP: Ventilator-associated pneumonia, ICU: intensive care unit, SD: Standard deviation, MV: Mechanical ventilation,  
APACHE: Acute physiology and chronic health evaluation

continue to Table 2

Figure 2. Distribution of pathogens.
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Patients with VAP
n= 104 (%)

Patients without VAP
n= 207 (%) p

Age, Mean ± SD 69.1 ±12.1 74.4 ± 11.4 <0.001

Sex (male) 66 (63.5) 129 (62.3) 0.844

APACHE II score, median (min-max) 9.0 (2–31) 12.0 (1–49) <0.001

Comorbidities

One comorbid condition 31 (29.8) 65 (31.4) 0.373

Two comorbid conditions 74 (71.2) 162(78.3) 0.167

More than two comorbid conditions 43 (41.3) 97 (46.9) 0.373

Hypertension 42 (40.4) 109 (52.7) 0.041

Diabetes mellitus 32 (30.8) 71 (34.3) 0.533

Chronic obstructive pulmonary disease 28 (26.9) 30 (14.5) 0.008

Coronary artery disease 21 (20.2) 37 (17.9) 0.621

Solid tumor 5 (4.8) 16 (7.7) 0.333

Chronic kidney disease 10 (9.6) 28 (13.5) 0.320

Immunosuppressive Treatment, median (min-max)

Corticosteroid 83 (79.8) 157 (75.8) 0.432

Dexamethasone 27 (26.0) 74 (35.7) 0.082

Dexamethasone duration (days) 8.5 (2–20) 7 (1–16) 0.112

Dexamethasone daily dose (mg) 16 (8–24) 8 (8–32) 0.170

Dexamethasone total dose (mg) 80 (24–480) 80 (8–288) 0.257

Methylprednisolone 65 (62.5) 111 (53.6) 0.136

Methylprednisolone duration (days) 7 (1–23) 9.5 (1–43) 0.003

Methylprednisolone daily dose (mg) 80 (20–500) 40 (20–500) 0.351

Methylprednisolone total dose (mg) 360 (40–1680) 560 (80–2400) <0.001

Dexamethasone and methylprednisolone 13 (12.5) 29 (14.0) 0.713

Tocilizumab 29 (27.9) 26 (12.6) <0.001

Total tocilizumab dose (mg) 200 (100–400) 200 (80–400) 0.898

Pulse steroid 22 (21.2) 26 (12.6) 0.048

Pulse steroid total dose (mg) 750 (120–2000) 750 (250–3750) 0.088

Other Variables, median (min-max)

Mechanical ventilation days 10 (3–65) 3 (3–27) <0.001

Central venous catheter 92 (89.1) 170 (82.5) 0.033

Urinary catheter 105 (98.9) 202 (97.9) 0.555

Decubitus ulcer 16 (15.9) 44 (21.3) 0.094

14-day mortality 70 (67.3) 34 (32.7) <0.001

Table 3. Comparison of the patient groups with and without VAP.
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(62/104), cephalosporins in 36.5% (38/104), beta-lac-
tam/beta-lactamase inhibitors in 33.7% (35/104), 
quinolones in 17.3% (18/104), carbapenems in 
15.4% (16/104), glycopeptides in 10.6% (11/104), 
colistin in 1.9% (2/104), and other antibiotics in 1% 
(1/104). The most commonly used class of antibiot-
ics in the VAP patient group was macrolides. There 
was no statistically significant difference in empiri-
cal antibiotic preferences between the survivor and 
non-survivor patient groups (p>0.05). Empirical an-
tibiotic changes were made in 91.4% of the non-sur-
vivor group; however, no statistically significant 
difference was found between the survivors and 
non-survivors (p=0.282). The 14-day mortality rate 
was 1.17 times higher in patients without a treat-
ment change compared to those with a treatment 
change (95% CI, 1.08–1.27; p=0.015).

DISCUSSION

COVID-19 has caused significant health issues 
globally, leading to mortality and morbidity in mil-
lions of individuals. This study primarily included 

patients with severe illness and an advanced aver-
age age. Among the survivors, the use of MP was 
more common, and the median duration and total 
dose of MP were significantly higher compared to 
the non-survivor group. COPD was observed in pa-
tients with VAP, and this was significantly higher 
compared to those without VAP. The risk of develop-
ing VAP was 2.4 times higher in patients with COPD. 
Furthermore, in patients who developed VAP, the 
median duration of MP use and the total dose were 
significantly higher. A higher proportion of patients 
who developed VAP received tocilizumab (27.9%) 
and underwent pulse steroid therapy (21.2%), both 
of which were significantly more common com-
pared to the non-VAP group. The most frequently 
isolated Gram-negative pathogen was A. baumannii 
(62.5%). 

Older adults, particularly those with comorbidities, 
have been more severely affected by COVID-19. Hy-
pertension in COVID-19 patients has been associat-
ed with increased need for ICU admission, invasive 
ventilation, and higher mortality (7). In the Philip-

Hospitalization days 18 (3–79) 14 (3–48) <0.001

Time to mechanical ventilation 3 (0–22) 5 (0–35) 0.020

ICU admission days 14 (3–65) 10 (3–38) 0.007

VAP: Ventilator-associated pneumonia, ICU: intensive care unit, SD: Standard deviation, APACHE: Acute physiology and chronic health evaluation.

continue to Table 3

Microorganism
 n=56 (%)

AMP
(%)

CIP/ LVX
(%)

CRO /CAZ
(%)

FEP
(%)

TZP
(%)

MEM/ IPM
(%)

AMK
(%)

CST
(%)

TMP/SMX
(%)

VAN
(%)

Acinetobacter spp., 
35 (62.5) - 27/27

(100)
31/31
(100)

1/1
(100)

34/34
(100)

34/34
(100)

32/34
(94.1)

1/34
(2.9)

29/33
(87.8) -

Klebsiella pneumoniae, 
13 (23.2)

3/3
(100)

13/13
(100)

5/6
(83.3)

1/1
(100)

13/13
(100)

13/13
(100)

11/13
(84.6)

3/12
(25)

12/13
(92.3) -

Stenotrophomonas Maltophilia, 
3 (5.3) - 1/2

(50)
1/1

(100) - - 1/1
(100) - - 1/3

(33.3) -

Enterecoccus spp. 
2 (3.5)

1/1
(100) - - - - - - - - 0/2

(0)

Pseudomonas aeruginosa, 
2 (3.5) - 0/2

(0.0)
0/1
(0.0) - 1/1

(100)
0/1
(0.0)

1/1
(100)

0/1
(0.0) - -

Escherichia coli, 
1 (1.7)

1/1
(100)

1/1
(100)

1/1
(100)

1/1
(100)

1/1
(100)

1/1
(100)

1/1
(100)

1/1
(100)

1/1
(100) -

Table 4. Resistance rates of microorganisms detected in patients with VAP.

VAP: Ampicillin, CIP: Ciprofloxacin, LVX: Levofloxacin, CRO: Ceftriaxone, CAZ: Ceftazidime, FEP: Cefepime, TZP: Piperacillin/tazobactam,  
MEM: Meropenem, IPM: Imipenem, CST: Colistin, TMP/SMX: Trimethoprim-sulfamethoxazole, VAN: Vancomycin.
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pine CORONA study, among 10,881 patients, 3647 
(33.5%) had hypertension (8). In our study, similar 
to the literature, hypertension was the most fre-
quently observed comorbidity in all patient groups.
Treatment in COVID-19 patients aims to prevent the 
excessive and disproportionate hyperinflammatory 
response initiated by the host (4). In the early stag-
es of the pandemic, the randomized controlled RE-
COVERY trial administered 6 mg/day of dexameth-
asone for 10 days to 2104 COVID-19 patients, while 
4321 patients were followed as a control group. The 
trial observed a reduction in 28-day mortality and 
duration of hospital stay, particularly in patients 
who required mechanical ventilation. No associa-
tion was found between steroid use and mortality 
in patients not receiving oxygen therapy, and there-
fore, steroid treatment was not recommended for 
this group (9). 

A retrospective controlled study in Türkiye involving  
450 COVID-19 patients divided them into three 
groups: standard care, high-dose steroid therapy 
(6 mg/day equivalent of dexamethasone), and pulse 
steroid therapy (250 mg/day MP). The average ICU 
stay was 9.0 (95% CI, 6.0–12.0) days in the standard 
care group, 8.0 (95% CI, 5.0–13.0) days in the high-
dose steroid group, and 4.5 (95% CI, 3.0–8.0) days in 
the pulse steroid group (10). In another study, af-
ter corticosteroid initiation, the ICU admission rate 
(4.8% vs. 14.4%) and mortality (9.5% vs. 17.1%) were 
lower in the MP group (11). This study observed 
higher usage of MP and dexamethasone in all sur-
viving patient groups. Furthermore, in the VAP pa-
tient group, the duration and total dose of MP use 
were higher.

A meta-analysis evaluating seven studies found 
that tocilizumab therapy did not reduce mortality 
in severe COVID-19 cases (12). However, De Rossi 
et al. (13) demonstrated that early and low-dose 
tocilizumab therapy reduced mortality compared 
to standard treatment in patients with COVID-19- 
related respiratory failure. IL-6 antagonists cause 
a temporary but prolonged immunosuppressive 
state, which can facilitate the development of bac-
terial superinfections like VAP (14). In this study, the 
use of pulse steroids and tocilizumab was higher in 
the VAP group, suggesting that immunosuppressive 
therapy may have contributed to the development 

of VAP. Additionally, in terms of 14-day mortality, 
consistent with the literature, the rate of pulse ste-
roid use was higher in the survivor group.

Ippolito et al. (15) conducted a meta-analysis on 
the frequency of VAP in COVID-19 pneumonia, esti-
mating the VAP rate to be 45.4% (95% CI, 37.8–53.2; 
2611/5593 patients; I²=96%) in these patients. Ad-
ditionally, mortality in critically ill COVID-19 pa-
tients has been reported to range between 30% 
and 60% in the literature (16). In our study, a lower 
rate of VAP (33.4%) was observed compared to the 
literature. Despite the lower VAP rate, the mortali-
ty rate was found to be extremely high (98%). The 
high mortality rate may be attributed to the high 
proportion of elderly patients, comorbidities, and 
the immunosuppressive treatments administered. 
Notably, 86.9% of the patients followed in the ICU 
were over 60 years old, which may have contributed 
to the high mortality rate. 

In ICUs, 80% of carbapenem-resistant A. baumannii 
(CRAB) isolates are recovered from sputum speci-
mens, with CRAB accounting for more than 50% of 
the carbapenem-resistant Gram-negative bacilli. 
The genetic transfer of resistance in Gram-negative 
bacteria plays a crucial role in the dissemination 
of antibiotic resistance and occurs through various 
mechanisms, including conjugation, transforma-
tion, and transduction (17). In a separate study, A. 
baumannii was the predominant bacterium, repre-
senting 43.8%, and all identified pathogens were 
multidrug-resistant (MDR) (18). In our study, the 
most prevalent pathogen in VAP was CRAB, and 
other pathogens were MDR, likely contributing to 
the high fatality rate. Another contributing factor 
may have been the overwhelming capacity of hos-
pitals and ICUs during the peak of the pandemic, 
which resulted in critically ill patients being moni-
tored in general wards and transferred to the ICU in 
the later stages of illness.

In a study of 352 critically ill COVID-19 patients, 
the duration of mechanical ventilation was 16 days 
(interquartile range [IQR], 8–28), the duration of 
ICU stay was 18 days (IQR, 9–29), and the 28-day 
mortality was 32.1% (19). In our study, however, 
the total hospital and ICU stays were shorter in the 
non-survivor patient group on day 14 compared to 
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the survivor group, suggesting that the non-survi-
vors had more critical disease, which contributed 
to the higher mortality rate. On day 14 of post-me-
chanical ventilation, the average APACHE II score of 
the non-survivors was higher than that of the sur-
vivors.

The average duration of mechanical ventilation 
and the time spent on mechanical ventilation until 
VAP onset were shorter in the non-survivor group 
compared to the survivors. Similarly, the VAP pa-
tients in the non-survivor group had shorter ICU 
stays and mechanical ventilation durations on day 
14. Consistent with the literature, the total dura-
tion of hospital stay was longer in the VAP group. 
These patients had risk factors such as prolonged 
ICU stays and extended mechanical ventilation, 
which contributed to the development of VAP. 
When 14-day mortality after mechanical ventila-
tion was calculated, 67.3% of the non-survivors had 
developed VAP. This finding supports that VAP is a 
significant factor that increases mortality. On day 
14 of hospitalization, VAP was detected in 68% of 
surviving patients (34/50), which was higher than 
in the non-survivor group. The lower VAP rate in the 
non-survivor group suggests that the high mortali-
ty rate was the primary factor. Due to the short du-
ration of stay in the ICU, patients often were exitus 
before developing VAP.

In a study examining bacterial co-infections in 
COVID-19 patients, fluoroquinolones and cepha-
losporins were found to constitute 74% of the an-
tibiotics used (20). Similar to the literature, in our 
study, the most commonly used antibiotics were 
macrolides, cephalosporins, beta-lactam/beta-lact-
amase inhibitors, quinolones, carbapenems, glyco-
peptides, and colistin. There was no statistically sig-
nificant difference between the antibiotic regimens 
when comparing the 14-day mortality and survival 
rates of the groups. However, a significant differ-
ence was observed in the treatment change. In this 
study, mortality was 1.17 times higher in patients 
whose treatment regimen was not changed.

In a different study assessing VAP pathogens, 
Gram-negative bacilli were identified as the most 
frequently isolated pathogens, with Enterobacter 
spp. and P. aeruginosa being the most prevalent (4). 

Karataş et al. (21) showed that A. baumannii was the 
dominant pathogen in lower respiratory tract cul-
tures during the pandemic, and the percentage of 
E. coli isolates decreased. However, the Gram-neg-
ative bacterial profile in COVID-19 patients can 
vary regionally. For instance, a study conducted in 
Brazil identified K. pneumoniae as the predominant 
Gram-negative bacterium in cultures (22). The inci-
dence of A. baumannii was reported as 4.4% by Nseir 
et al. (23), 7.3% by Rouzé et al. (24), and 27.4% by 
Meawed et al. (25). In a recent study comparing the 
distribution of pathogens from tracheal aspirate 
cultures during the pandemic to the pre-pandem-
ic period, an increase in A. baumannii was observed, 
while K pneumoniae and P. aeruginosa showed a de-
crease (26).  In line with the literature, we found that 
96.3% of the isolated bacteria were Gram-negative, 
with Gram-positive bacteria constituting only 3.7%. 

However, in contrast to the literature, the most 
frequently isolated Gram-negative pathogen was 
A. baumannii, at 62.5%. This may be due to the 
failure of infection control measures and routine 
procedures during the COVID-19 pandemic, which 
facilitated the spread of resistant strains. For ex-
ample, confusion over hand hygiene protocols and 
double-glove use among healthcare workers may 
have contributed. Additionally, the increased pa-
tient load in ICUs might have led to inadequate en-
vironmental sterilization, promoting colonization. 
Known risk factors for A. baumannii infections, such 
as mechanical ventilation, prolonged antibiotic use, 
and steroid therapy, were frequently applied in crit-
ically ill COVID-19 patients (27). In our center, the 
carbapenem resistance rate has been 97.9% for K. 
pneumoniae and 99.7% for A. baumannii. Additional-
ly, the hand hygiene compliance rate in 2020 was 
81.7%, and in 2021, it was 82.9%, contributing to the 
spread of resistant pathogens.

Sharifipour et al. (28) reported that A. bauman-
nii isolates from COVID-19 patients showed high 
resistance to all antibiotics except colistin, with 
52% resistance. In this study, A. baumannii showed 
2.9% resistance to colistin, with 100% resistance to 
third-generation cephalosporins and carbapenems. 
Li et al. (29) reported a 76.6% resistance rate of K. 
pneumoniae to carbapenems in COVID-19 patients. 
A study conducted in Italy found that carbapen-
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em-resistant strains of K. pneumoniae were 6.7% in 
2019, while during the pandemic in 2020, the re-
sistance rate increased to 50% (30). In this study, 
the resistance of K. pneumoniae to third-generation 
cephalosporins and carbapenems was found to be 
high, while colistin resistance was lower. The most 
important risk factors for carbapenem-resistant K. 
pneumoniae infections are mechanical ventilation 
and central venous catheter use, which are fre-
quently applied in COVID-19 patients, explaining 
the prevalence of resistant strains isolated from re-
spiratory and blood cultures.

The use of MP and pulse steroids by day 14 was ef-
fective in survival. In COPD patients, the incidence 
of VAP was higher, highlighting the careful moni-
toring following intubation. Additionally, patients 
receiving long-term and high-dose MP, as well as 
those receiving tocilizumab and pulse steroids, 
should be closely monitored for the development 
of VAP. All strains of A. baumannii were resistant 
to carbapenems, while colistin resistance was de-
tected at 2.9%. Based on these findings, infectious 
disease specialists should consider resistance rates 
when selecting treatment and managing patients. 
Immunosuppressive therapy by day 14 reduces 
mortality but increases the risk of VAP and mortal-
ity due to MDR pathogens. Therefore, early detec-
tion of infections, timely weaning from the ventila-
tor, and appropriate discharge from the intensive 
care unit will reduce the mortality risk in these 
patients.

The main limitation of the study is its retrospective, 
single-center design, which limits generalizability. 
The small sample size, particularly in subgroup 
analyses, restricted detailed analysis and compar-
ison. Additionally, the high ICU occupancy during 
the pandemic period caused many patients to be 
monitored in the general wards until the need for 
intubation arose.

Patients receiving immunosuppressive therapy 
should be closely monitored for the development 
of VAP. In patients with VAP, empirical treatment 
should be planned considering the possibility of re-
sistant Acinetobacter spp. infections. Early detection 
of infections, timely weaning from the ventilator, 
and appropriate discharge from the intensive care 
unit will reduce the mortality risk in these patients. 
The mortality rate was higher in patients with VAP 
who received tocilizumab. This may be associated 
with a higher tendency to initiate tocilizumab ther-
apy in patients with a more severe clinical course. 
Although pulse steroid use was more common 
among patients with VAP, those who received pulse 
steroids had significantly lower mortality rates 
compared to those who did not. Antibiotic selection 
in ICUs should be based on the increasing incidence 
of A. baumannii and carbapenem resistance among 
pathogens observed in these units. 

Ethical Approval: Kayseri City Hospital Clinical Research Ethics 
Committee approved the study on August 22, 2023, with the 
decision number 889.

Informed Consent: N.A. 

Peer-review: Externally peer-reviewed

Author Contributions: Concept – H.E., E.E.E., İ.Ç.; Design – H.E., 
E.E.E., İ.Ç.; Supervision – H.E., E.E.E.; Fundings – H.E., İ.Ç.; Materials 
– H.E., S.Z.Ç.; Data Collection and/or Processing – H.E., E.A.F.; 
Analysis and/or Interpretation – H.E., S.Z.Ç.; Literature Review – 
H.E., E.A.F.; Writer – H.E., S.Z.Ç.; Critical Reviews – H.E., E.A.F.

Conflict of Interest: The authors declare no conflict of interest.

Financial Disclosure: The authors declared that this study has 
received no financial support.

Scientific Presentation: This study was presented at the 24th 
Turkish Congress of Clinical Microbiology and Infectious Diseases, 
held in Antalya, Türkiye, on March 6, 2024.

Acknowledgement: We would like to thank Mehmet Ekici, MD, for 
his assistance in revising the manuscript.



Prognostic Factors in COVID-19 Patients with VAP

Ekici H et al. 154

1 Wicky PH, d'Humières C, Timsit JF. How common is ventila-
tor-associated pneumonia after coronavirus disease 2019? 
Curr Opin Infect Dis. 2022;35(2):170-5. [CrossRef]

2 Gündoğan K, Akbudak İH, Hancı P, Halaçlı B, Temel Ş, Güllü 
Z, et al. Clinical outcomes and independent risk factors for 
90-day mortality in critically Ill patients with respiratory fail-
ure infected with SARS-CoV-2: A multicenter study in Turkish 
intensive care units. Balkan Med J. 2021;38(5):296-303. Erratum 
in: Balkan Med J. 2021;38(6):397. [CrossRef]

3 Melsen WG, Rovers MM, Groenwold RH, Bergmans DC, Camus 
C, Bauer TT, et al. Attributable mortality of ventilator-as-
sociated pneumonia: a meta-analysis of individual patient 
data from randomised prevention studies. Lancet Infect Dis. 
2013;13(8):665-71. [CrossRef] 

4 Razazi K, Arrestier R, Haudebourg AF, Benelli B, Carteaux G, 
Decousser JW, et al. Risks of ventilator-associated pneumonia 
and invasive pulmonary aspergillosis in patients with viral 
acute respiratory distress syndrome related or not to Coro-
navirus 19 disease. Crit Care. 2020;24(1):699. Erratum in: Crit 
Care. 2021;25(1):118. [CrossRef]

5 Lamouche-Wilquin P, Souchard J, Pere M, Raymond M, Asfar P, 
Darreau C, et al. Early steroids and ventilator-associated pneu-
monia in COVID-19-related ARDS. Crit Care. 2022;26(1):233. 
[CrossRef]

6 American Thoracic Society; Infectious Diseases Society of 
America. Guidelines for the management of adults with hospi-
tal-acquired, ventilator-associated, and healthcare-associated 
pneumonia. Am J Respir Crit Care Med. 2005;171(4):388-416. 
[CrossRef]

7 Podzolkov VI, Bragina AE, Tarzimanova AI, Vasilyeva LV, Ogibe-
nina ES, Bykova EE, et al. Arterial hypertension and severe 
COVID-19 in hospitalized patients: Data from a cohort study. 
Ration Pharmacother Cardiol. 2023;19(1):4-10. [CrossRef] 

8 Espiritu AI, Sucaldito MSFP, Ona DID, Apor ADAO, Sy MCC, An-
lacan VMM, et al. Clinical outcomes in COVID-19 among pa-
tients with hypertension in the Philippine CORONA Study. Eur 
J Med Res. 2023;28(1):62. [CrossRef]

9 RECOVERY Collaborative Group; Horby P, Lim WS, Emberson JR, 
Mafham M, Bell JL, Linsell L, et al. Dexamethasone in hospital-
ized patients with Covid-19. N Engl J Med. 2021;384(8):693-704. 
[CrossRef]

10 Batırel A, Demirhan R, Eser N, Körlü E, Tezcan ME. Pulse steroid 
treatment for hospitalized adults with COVID-19. Turk J Med 
Sci. 2021;51(5):2248-55. [CrossRef]

11 Pinzón MA, Ortiz S, Holguín H, Betancur JF, Cardona Arango D, 
Laniado H, et al. Dexamethasone vs methylprednisolone high 
dose for Covid-19 pneumonia. PLoS One. 2021;16(5):e0252057. 
[CrossRef]

12 Lan SH, Lai CC, Huang HT, Chang SP, Lu LC, Hsueh PR. To-
cilizumab for severe COVID-19: a systematic review and 
meta-analysis. Int J Antimicrob Agents. 2020;56(3):106103. 
[ CrossRef]

13 De Rossi N, Scarpazza C, Filippini C, Cordioli C, Rasia S, Manci-
nelli CR, et al; Montichiari COVID-19 Study Group. Early use of 
low dose tocilizumab in patients with COVID-19: A retrospec-
tive cohort study with a complete follow-up. EClinicalMedi-
cine. 2020;25:100459. [CrossRef]

14 Gupta S, Wang W, Hayek SS, Chan L, Mathews KS, Melamed ML, 
et al; STOP-COVID Investigators. Association between early 
treatment with tocilizumab and mortality among critically Ill 
patients with COVID-19. JAMA Intern Med. 2021;181(1):41-51. 
Erratum in: JAMA Intern Med. 2021;181(4):570. [CrossRef]

15 Ippolito M, Misseri G, Catalisano G, Marino C, Ingoglia G, Ales-
si M, et al. Ventilator-associated pneumonia in patients with 
COVID-19: A systematic review and meta-analysis. Antibiotics 
(Basel). 2021;10(5):545. [CrossRef]

16 Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and 
outcomes of critically ill patients with SARS-CoV-2 pneumo-
nia in Wuhan, China: a single-centered, retrospective, obser-
vational study. Lancet Respir Med. 2020;8(5):475-81. Erratum 
in: Lancet Respir Med. 2020;8(4):e26. [CrossRef]

17 Liu G, Thomsen LE, Olsen JE. Antimicrobial-induced horizontal 
transfer of antimicrobial resistance genes in bacteria: a mini-re-
view. J Antimicrob Chemother. 2022;77(3):556-67. [CrossRef]

18 Eryilmaz-Eren Esma, Senbayrak S, Karlidag GE, Mert D, Urk-
mez SY, Peña-López Y, et al. Ventilator-associated event (VAE) 
epidemiology and prognosis: Preliminary results of VAE-Türki-
ye. J Crit Care. 2024;81:154671. [CrossRef] 

19 Alharthy A, Aletreby W, Faqihi F, Balhamar A, Alaklobi F, Al-
anezi K, et al. Clinical characteristics and predictors of 28-day 
mortality in 352 critically Ill patients with COVID-19: A ret-
rospective study. J Epidemiol Glob Health. 2021;11(1):98-104. 
[CrossRef]

20 Wu HY, Chang PH, Chen KY, Lin IF, Hsih WH, Tsai WL, et al; 
GREAT working group. Coronavirus disease 2019 (COVID-19) 
associated bacterial coinfection: Incidence, diagnosis and 
treatment. J Microbiol Immunol Infect. 2022;55(6 Pt 1):985-92. 
[CrossRef]

21 Karataş M, Yaşar-Duman M, Tünger A, Çilli F, Aydemir Ş, Özenci 
V. Secondary bacterial infections and antimicrobial resistance 
in COVID-19: comparative evaluation of pre-pandemic and 
pandemic-era, a retrospective single center study. Ann Clin 
Microbiol Antimicrob. 2021;20(1):51. [CrossRef]

22 Gaspar GG, Ferreira LR, Feliciano CS, Campos Júnior CP, Molina 
FMR, Vendruscolo ACS, et al. Pre-and post-COVID-19 evalua-
tion of antimicrobial susceptibility for healthcare-associated 
infections in the intensive care unit of a tertiary hospital. Rev 
Soc Bras Med Trop. 2021;54:e00902021. [CrossRef]

23 Nseir S, Martin-Loeches I, Povoa P, Metzelard M, Du Cheyron D, 
Lambiotte F, et al; coVAPid study group. Relationship between 
ventilator-associated pneumonia and mortality in COVID-19 
patients: a planned ancillary analysis of the coVAPid cohort. 
Crit Care. 2021;25(1):177. Erratum in: Crit Care. 2021;25(1):284. 
[CrossRef]

REFERENCES

https://doi.org/10.1097/QCO.0000000000000817
https://doi.org/10.5152/balkanmedj.2021.21188
https://doi.org/10.1016/S1473-3099(13)70081-1
https://doi.org/10.1186/s13054-020-03417-0
https://doi.org/10.1186/s13054-022-04097-8
https://doi.org/10.1164/rccm.200405-644ST
https://doi.org/10.20996/1819-6446-2023-01-10
https://doi.org/10.1186/s40001-022-00969-5
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.3906/sag-2101-243
https://doi.org/10.1371/journal.pone.0252057
https://doi.org/10.1016/j.ijantimicag.2020.106103
https://doi.org/10.1016/j.eclinm.2020.100459
https://doi.org/10.1001/jamainternmed.2020.6252
https://doi.org/10.3390/antibiotics10050545
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1093/jac/dkab450
https://doi.org/10.1016/j.jcrc.2024.154671
https://doi.org/10.2991/jegh.k.200928.001
https://doi.org/10.1016/j.jmii.2022.09.006
https://doi.org/10.1186/s12941-021-00454-7
https://doi.org/10.1590/0037-8682-0090-2021
https://doi.org/10.1186/s13054-021-03588-4


Infect Dis Clin Microbiol. 2025;2:143-55

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License. 155

24 Rouzé A, Martin-Loeches I, Povoa P, Makris D, Artigas A, 
Bouchereau M, et al; coVAPid study Group. Relationship be-
tween SARS-CoV-2 infection and the incidence of ventila-
tor-associated lower respiratory tract infections: a European 
multicenter cohort study. Intensive Care Med. 2021;47(2):188-
98. Erratum in: Intensive Care Med. 2022;48(4):514-5. [ CrossRef]

25 Meawed TE, Ahmed SM, Mowafy SMS, Samir GM, Anis RH. Bac-
terial and fungal ventilator associated pneumonia in critically 
ill COVID-19 patients during the second wave. J Infect Public 
Health. 2021;14(10):1375-80. [CrossRef]

26 Bahçe YG, Acer Ö, Özüdoğru O. Evaluation of bacterial agents 
isolated from endotracheal aspirate cultures of COVID-19 
general intensive care patients and their antibiotic resistance 
profiles compared to pre-pandemic conditions. Microb Pathog. 
2022;164:105409. [CrossRef]

27 Kim JY, Lee WJ, Suh JW, Kim SB, Sohn JW, Yoon YK. Clinical 
impact of COVID-19 in patients with carbapenem-resis-
tant Acinetobacter baumannii bacteraemia. Epidemiol Infect. 
2023;151:e180. [CrossRef]

28 Sharifipour E, Shams S, Esmkhani M, Khodadadi J, Fotouhi-Ar-
dakani R, Koohpaei A, et al. Evaluation of bacterial co-infec-
tions of the respiratory tract in COVID-19 patients admitted to 
ICU. BMC Infect Dis. 2020;20(1):646. [CrossRef]

29 Li J, Wang J, Yang Y, Cai P, Cao J, Cai X, et al. Etiology and antimi-
crobial resistance of secondary bacterial infections in patients 
hospitalized with COVID-19 in Wuhan, China: a retrospec-
tive analysis. Antimicrob Resist Infect Control. 2020;9(1):153. 
[CrossRef]

30 Tiri B, Sensi E, Marsiliani V, Cantarini M, Priante G, Vernelli C, 
et al. Antimicrobial stewardship program, COVID-19, and in-
fection control: spread of carbapenem-resistant Klebsiella Pneu-

moniae colonization in ICU COVID-19 patients. What did not 
work? J Clin Med. 2020;9(9):2744. [CrossRef]

https://doi.org/10.1007/s00134-020-06323-9
https://doi.org/10.1016/j.jiph.2021.08.003
https://doi.org/10.1016/j.micpath.2022.105409
https://doi.org/10.1017/S0950268823001644
https://doi.org/10.1186/s12879-020-05374-z
https://doi.org/10.1186/s13756-020-00819-1
https://doi.org/10.3390/jcm9092744

