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Evaluation of Ventilator-Associated Pneumonia Risk Factors and Pathogens in COVID-19 Patients: A Retros-
pective Study

COVID-19 Hastalarında Ventilatör İlişkili Pnömoni Risk Faktörleri ve Patojenlerin Değerlendirilmesi: Retros-
pektif Bir Çalışma

Saliha YARIMOGLU¹, Rafet YARIMOGLU²

ABSTRACT
AIM: Many patients followed in intensive care units during the CO-
VID-19 pandemic required mechanical ventilation. In the present 
study, the purpose was to examine the risk factors, frequency, and 
causative pathogens of ventilator-associated pneumonia in CO-
VID-19 patients in intensive care units.

MATERIAL AND METHOD: The study had a retrospective study de-
sign and was conducted among COVID-19 patients followed in the 
tertiary intensive care units of a training and research hospital. CO-
VID-19 patients, who were older than eighteen years, and intubated 
in the tertiary intensive care units between March 2020 and January 
1, 2021, were included in the present study. Microbiological data such 
as positive endotracheal aspirate cultures, infectious microorganis-
ms, and antibiotic susceptibility were collected from the patient files. 
Univariate and Multivariate Binary Logistic Regression analysis were 
used to determine the risk factors effective in ventilator-associated 
pneumonia.

RESULTS: Ventilator-associated pneumonia was observed in 52.9% 
(108) of patients, which was confirmed by growth in endotrache-
al aspirate cultures. The length of hospital stay (17.56±14.09) and 
mechanical ventilation (14.55±11.66) (day) of the patients who had 
culture growth were significantly longer than the length of hospital 
stay (9.74±6.01) and mechanical ventilation (7.12±4.32) (day) of the 
patients without growth (P<0.001, P<0.001, respectively).

CONCLUSION: In conclusion, as the ventilator-associated pneu-
monia was evaluated in intensive care patients who were intubated 
during the COVID-19 pandemic, it was found that the most important 
predictive factor for ventilator-associated pneumonia was the durati-
on of mechanical ventilation. Acinetobacter baumannii was detected 
to be the most common causative pathogen in the study.

Keywords: COVID-19, SARS-CoV-2, Nosocomial infections, Venti-
lator-associated pneumonia, Critical care

ÖZET
AMAÇ: COVID-19 pandemisi esnasında yoğun bakımlarda takip edi-
len hastaların çoğunda mekanik ventilasyon gerekliliği ortaya çıkmış-
tır. Bu çalışmada yoğun bakım ünitelerindeki COVID-19 hastalarında 
ventilatör ilişkili pnömonilerin risk faktörlerinin, sıklığının ve etkenleri-
nin incelenmesi amaçlanmıştır.

GEREÇ VE YÖNTEM: Bu çalışma retrospektif bir tasarıma sahiptir 
ve bir eğitim araştırma hastanesinin 3. Basamak yoğun bakımlarında 
takip edilen COVID-19 hastaları arasında yapılmıştır. Çalışmaya Mart 
2020 ile 1 Ocak 2021 arasında 3. Basamak yoğun bakımlarda entübe 
olarak takip edilen on sekiz yaşından büyük COVID-19 hastaları dahil 
edildi. Hasta dosyalarından endotrakeal aspirat kültürlerindeki üreme-
ler, enfeksiyöz mikroorganizmalar ve antibiyotik duyarlılıkları gibi mik-
robiyolojik veriler toplandı. Ventilatör ilişkili pnömonide etkili olan risk 
faktörlerini belirlemek için tek değişkenli ve çok değişkenli ikili Lojistik 
Regresyon analizi kullanıldı.

BULGULAR: Hastaların %52.9 (108)’unda ventilatör ilişkili pnömoni 
görüldü ve endotrakeal aspirat kültürlerindeki üreme ile doğrulandı. 
Kültürde üreme görülen hastaların hastane yatış (17.56±14.09)(gün) 
ve entübe takip süreleri (14.55±11.66) (gün) üreme görülmeyen has-
taların hastane yatış (9.74±6.01) ve entübe takip (7.12±4.32) sürele-
rinden anlamlı yüksek bulundu (sırasıyla, P<0.001, P<0.001).
Sonuç: Sonuç olarak, COVID-19 pandemisinde entübe yoğun bakım 
hastalarında ventilatör ilişkili pnömonilerin irdelendiği bu çalışmada en 
önemli prediktif faktörün mekanik ventilasyon süresi olduğu saptan-
dı. Çalışmada en sık etkenin Acinetobacter baumannii olduğu tespit 
edildi.

Anahtar Kelimeler: COVID-19, SARS-CoV-2, hastane enfeksiyon-
ları, ventilatör ilişkili pnömoni, yoğun bakım.    
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INTRODUCTION
The COVID-19 pandemic, which started in China in 2019 and spre-
ad to the entire world, affected the lives of millions of people. There 
was an unexpected and unavoidable increase in hospital and inten-
sive care hospitalizations all over the world during the COVID-19 
pandemic. Many patients followed up in intensive care units (ICU) 
required mechanical ventilation.¹ Prolonged mechanical ventila-
tion periods because of respiratory failure cause an increased risk 
of ventilator-associated pneumonia in intensive care patients². The 
most common hospital-acquired infection in mechanically ventilated 
patients is ventilator-associated pneumonia (VAP)³. With the inc-
reased hospital and intensive care hospitalizations, increases were 
inevitable in secondary bacterial infections and antibiotic use during 
the COVID-19 pandemic. The use of broad-spectrum empirical an-
tibiotics in these patients is considered to increase the incidence of 
infections with agents with multiple antibiotic resistance⁴. It is also 
considered that steroids and other anti-cytokine treatments used 
to suppress cytokine storm in these patients may predispose them 
to secondary infections⁵, ⁶. Based on these considerations, in this 
study, the purpose was to examine the frequency, predictive factors, 
and causative pathogens of ventilator-associated pneumonia in CO-
VID-19 patients who were diagnosed as PCR positive in our hospital 
and were observed intubated in the ICU.

MATERIAL AND METHOD 
The study had a retrospective cohort study design and was condu-
cted among COVID-19 patients followed in the tertiary intensive care 
units of a training and research hospital. The Karamanoglu Mehmet-
bey University Faculty of Medicine Ethics Committee approved this 
study (28.03.2022, 02-2022/14). Since the study was retrospective, 
informed consent was waived. The study included COVID-19 pa-
tients, who were older than 18 years, and intubated in the tertiary 
intensive care units between March 2020 and January 1st, 2021. Pa-
tients with positive SARS-CoV-2 nasal swab PCR test results were 
enrolled in the study, patient records were reviewed, and demograp-
hics such as age, sex, and comorbidities were collected. Microbio-
logical data such as growths in endotracheal aspirate (ETA) cultures, 
infectious microorganisms, and antibiotic susceptibility were colle-
cted from the patient files. The diagnosis of pneumonia was made 
based on radiological and microbiological data in the presence of at 
least two of the following criteria; body temperature above 38.5°C 
or below 36.5°C, leukocyte count greater than 12000 cells per μL or 
less than 4000 cells per μL, and purulent tracheal secretions7. The 
diagnosis of VAP was considered as pneumonia developing at least 
48 hours after the intubation in a patient who did not have pneu-
monia during intubation and was supported by invasive mechanical 
ventilation8. Gram staining, quantitative microbiological culture and 
susceptibility tests of the pathogens, and direct microscopic exa-
minations of endotracheal aspirate samples were made in the mic-
robiology laboratory. The presence of growth was diagnosed in the 
samples that had at least 105 colony-forming units (CFU) isolation 
per milliliter (mL) in ETA culture⁷, ⁸.      
The steroid and anti-cytokine treatments taken by the patients for 
the treatment of COVID-19 were also recorded. Those who were in-
tubated in the intensive care unit for at least three days were enrolled 
in the study, and patients who had shorter intensive care stays were 
not enrolled. Infection findings and culture growths occurring at least 
48 hours after admission to the ICU were considered infections that 
originated from the ICU. The APACHE II prognostic score was calcu-
lated for all patients at the time of admission to the ICU. All patients 
were evaluated for VAP by the same consultant infection specialist. 
This study was conducted in accordance with the principles of the 
Declaration of Helsinki.

Statistical analysis
Statistical analysis of the data was performed using the SPSS (Ver-
sion 22, SPSS Inc., Chicago, IL, USA) software. The normal distri-
bution of the data was evaluated with the Shapiro-Wilk test. Means 
and standard deviations were used to provide descriptive statistics 
for numerical data. Categorical variables were presented as num-
bers (n) and percentages (%). Comparisons of proportion between 
categorical variables were performed using the Pearson Chi-square 
test or Fisher`s exact test, depending on sample sizes in the cross-
tab cells. Two independent groups’ normally distributed data were 
compared using the Student’s t-test, and non-normally distributed 
data were compared using the Mann-Whitney U-Test. The risk fac-
tors effective in VAP were identified using univariate and multivariate 
binary logistic regression analysis. For each parameter identified in 

the Binary Logistic Regression study as statistically significant, Odds 
Ratios (OR) with 95% Confidence Intervals were generated. Limits of 
statistical significance were defined as P <0.05.

RESULTS
The data obtained from a total of 204 patients were analyzed. The 
descriptive statistics on the sociodemographic and clinical charac-
teristics of the patients are given in Table 1. 
Table 1. Descriptive statistics for the demographic and clinical chara-
cteristics of the patients (n=204)

Endotracheal aspirate (ETA) cultures reproduced in 52.9% (108) of 
the patients, no growth was detected in 32.4% (n=66) of the pa-
tients, and culture was not obtained from 30 patients. The mean age 
and APACHE Scores of the patients with VAP and those without VAP 
were not significantly different (P=0.147, P=0.973, respectively). The 
time of hospitalization (17.56 ± 14.09)(days) and intubation period 
(14.55 ± 11.66) of the patients with VAP were significantly longer 
than thetime of  hospitalization (9.74 ± 6.01) and intubation period 
(7.12 ± 4.32)(days) of the patients without VAP (P<0.001, P<0.001, 
respectively). The intubation period of the patients with chronic di-
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sease (10.34 ± 9.76) were significantly lower than those without the 
chronic disease (13.44 ± 9.04) (P=0.002).

The distribution of the microorganisms in patients with growth in cul-
ture is given in 

Graphic 1. The distribution of the microbial agents grown in the cul-
tures of the patients
Graphic 1 
on a pie chart. The number of culture growths in all patients accor-
ding to days of intubation is shown in 

Graphic 2. The number of patients who had culture growth on the 
day of intubation
Graphic 2 
with a line graph. Culture growth was detected at the most on the 
third day in 17 patients. ETA culture growth was detected in 52.9% 
(n=108) of the patients. The mean growth time in culture (the day of 
intubated follow-up) was 7.66 ± 4.81 days (3-27). The most com-
mon pathogen in ETA cultures was Acinetobacter baumannii (n=77, 
71.3%). The sensitivity rates of pathogens grown in cultures to anti-
biotics are given in 

Graphic 3. The distribution of antibiotic susceptibility of bacteria
Graphic 3. 
Among the pathogens, 87% (67) of Acinetobacter baumannii were 
sensitive to Cefoperazone sulbactam, and among the Klebsiella 
pneumoniae, 86.4% (19) were susceptible to Imipenem. The pat-
hogens were resistant to the other antibiotics (i.e., Amoxicillin-Cla-
vulanate, Ceftriaxone, Cefuroxime-Axetil, Ciprofloxacin, Trimethop-
rim-Sulfametaxazole, and Cefoxitin) whose sensitivity was evaluated 
in our hospital.

Statistical results about the relationship between sociodemographic 
and clinical characteristics of the patients and culture growth are gi-
ven in Table 2. The incidence of VAP in patients with at least one 
chronic disease (58%) was significantly lower than patients without 
chronic conditions (80.6%) (P=0.019). The incidence of VAP in pa-
tients with CHF (35%) was found to be significantly lower than pa-
tients without CHF (65.6%) (P=0.008). The incidence of VAP was 
similar in the other disease groups in this study, except for CHF 
(Table 2).
Table 2. Statistical results of the relationship between socio-demog-
raphic and clinical characteristics and ventilator-associated pneu-
monia

The incidence of VAP in patients who received dexamethasone tre-
atment (78.4%) was found to be significantly higher than the rate of 
VAP (57.7%) in patients who were not treated with dexamethasone 
(P=0.021). The incidence of VAP was statistically similar in patients 
who received and did not receive low-dose methylprednisolone, hi-
gh-dose methylprednisolone, and tocilizumab treatment (P=0.446, 
P=0.208, P=0.205, respectively; Table 2). 

Results of univariate and multivariate logistic regression analysis 
performed to determine the effects of intubation period, presence of 
chronic disease, and dexamethasone treatment, which were statis-
tically and significantly associated with ventilator-associated pneu-
monia, are given in Table 3. 
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Table 3. Results of univariate and multivariate logistic regression 
analysis performed to determine the risk factors effective in the oc-
currence of ventilator-associated pneumonia

Intubation period, presence of chronic disease, and dexametha-
sone treatment were significant in the univariate model. Only intu-
bation period was found to be important in the multivariate model. 
Chronic disease status and the effect of dexamethasone treatment 
were insignificant according to the results of the multivariate model 
(P=0.178, P=0.173), and the impact of intubation period was signifi-
cant (P< 0.001: OR: 1.19 (1.1 - 1.29)). One-day increase in the intu-
bated follow-up period increased the probability of VAP by 1.19 times 
(19%).

DISCUSSION
In the present study, in which ventilator-associated pneumonia was 
examined in intensive care patients who were intubated during the 
COVID-19 pandemic, the most important risk factor was found to be 
the duration of mechanical ventilation. A 1-day increase in the in-
tubated follow-up period caused a 1.19-fold (19%) increase in the 
incidence of VAP. Ventilator-associated pneumonia was detected in 
52.9% (108) of the patients clinically and microbiologically, and Aci-
netobacter baumannii was found to be the most common causative 
agent. When the antibiotic sensitivity of this pathogen was exami-
ned, it was found that the highest sensitivity rate (87%) was in Cefo-
perazone sulbactam. 

Ventilator-associated pneumonia (VAP) was detected in 52.9% (108) 
of the patients in the present study. Considering that the incidence of 
VAP seen in the normal population was 9-27%, the rate in the present 
study was quite high3. In previous studies conducted on COVID-19 
patients, VAP was detected at rates ranging from 48-86% 9-13. The 
frequency of VAP in this study was similar to the rate reported in the 
study of Llitjos et al.(52%) 11. In another study, the rate of VAP was 
found to be 64% in COVID-19 patients12. Also, in a study that in-
vestigated the frequency of VAP in COVID-19 patients undergoing 
extracorporeal membrane oxygenation (ECMO), it was shown that 
this rate could be as high as 86%13. The differences in these results 
between hospitals and countries; may depend on different local fac-
tors such as antibiotic regimens used, quality of healthcare, diagnos-
tic criteria, and antimicrobial resistance patterns. 

A significant relationship was found in the study of Blonz et al. betwe-
en the male gender and the incidence of VAP. However, gender had 
no effect on the occurrence of VAP in the present study9. Although 
it is expected that the incidence of VAP is higher in patients with ch-
ronic disease, it was found that the rate of VAP development was 
lower in patients with at least one chronic disease in our study. It was 
considered that the reason for this was that COVID-19 patients who 
had chronic diseases lost their lives in a shorter time because of the 
high mortality in patients who had chronic diseases. It was conside-
red that the shorter intubation follow-up period in COVID-19 patients 
who had chronic diseases compared to COVID-19 patients without 
chronic diseases was effective in this outcome.

The prolonged mechanical ventilation time, steroid therapy, and an-
ti-cytokine treatments may be responsible for these high rates¹⁴, ¹⁵. 
As seen in this study, the prolongation of mechanical ventilation in 
patients increases the occurrence of VAP. Also, it was considered 
that following the patients in the prone position on a mechanical ven-
tilator during the treatment also increases the occurrence of VAP15. 
On the other hand, the suppression of the immune system caused 
by COVID-19 might also have been effective in these results. Previ-
ous studies showed that COVID-19 suppresses the immune system, 

especially with its effects on lymphocytes¹⁶, ¹⁷. Culture growth was 
detected most on the third day in our study. It was thought that such 
early occurrence of ventilator-associated pneumonia may be due to 
the suppression of the immune system and damage to the lung tis-
sue due to COVID-19¹⁸.

Although many benefits of using steroids were seen in the treatment 
of COVID-19 in previous studies¹⁹-²¹, there is an opinion that it may 
also predispose to infection¹⁴, ²². In the present study, VAP develop-
ment was found to be higher in patients receiving dexamethasone 
treatment when compared to the group that was not treated with 
dexamethasone (78.4% vs 57.7%). However, as seen in the multiva-
riate logistic regression analysis results in our study, it was found that 
dexamethasone treatment had no effects on the occurrence of VAP. 
Dexamethasone treatment for COVID-19 in a recent study did not 
result in an increase in ICU acquired infections²³. The results found in 
our study are similar to the results of this study.

Although Pseudomonas aeruginosa and Klebsiella pneumoniae 
were prominent as causative pathogens in ventilator-associated 
pneumonia in the pre-COVID-19 period3, Acinetobacter baumannii 
became prominent during the COVID-19 pandemic¹⁴, ²², ²⁴, ²⁵, ²⁶. The 
most common pathogens were found to be Acinetobacter bauman-
nii (n=77, 71.3%), Klebsiella pneumoniae (n=22, 20.4%), and Pseu-
domonas aeruginosa (n=3, 2.8%), respectively in the present study. 
The results in our study were similar to the previous studies in the 
literature.

In a previous study, the rate of lower respiratory tract infections be-
cause of Acinetobacter baumannii was reported to be as high as 1% 
of all the patients who should stay in an Italian hospital due to CO-
VID-1927. Acinetobacter baumannii can be colonized, especially in 
the hands of healthcare professionals in intensive care units²⁸. Healt-
hcare staff had to use protective equipment such as gloves, masks, 
and overalls for a long time to protect themselves during the pan-
demic. Also, to reduce the contamination to the personnel in wards 
and ICU, the shifts were divided into long periods and it was aimed 
to benefit from the protective equipment for a maximum period. Aga-
in, drugs and infusions were not prepared at the bedside but were 
prepared in the collective areas of the ICU to stay behind the patient 
less. When all these are considered together, multi-drug-resistant 
microorganisms that can colonize in the hands of healthcare staff 
may have found the opportunity to be transmitted more frequent-
ly. These reasons may be the explanation for the high rates in the 
present study. The rate of transmission from healthcare staff can 
be reduced if the right practices are carried out to reduce healthca-
re-associated infections.    

When the antibiotic susceptibilities in the data were examined, it was 
found that the majority of Acinetobacter baumannii that reproduced 
in cultures were sensitive to at least one or two of the Cefoperazone 
sulbactam, Imipenem and Amikacin triads. Among these, Cefopera-
zone sulbactam had the highest sensitivity rate. Also, it was found 
that the agent was resistant to most of the other antibiotics (Amoxi-
cillin-Clavulanate, Ceftriaxone, Cefuroxime-Axetil, Ciprofloxacin, Tri-
methoprim-Sulfametaxazole, Cefoxitin). 

In this study, with the data at the beginning of the COVID-19 Pande-
mic, the frequency, causative agents, and antibiotic susceptibilities 
of VAP in ICUs of our hospital were determined. According to these 
results, our empirical antibiotic choices were reviewed in our hospital 
for VAP patients and an attempt was made to increase the effective-
ness of antibiotic treatment. Although we know that these data can-
not be generalized to all hospitals; these data can provide an idea for 
our colleagues regarding both pathogens and antibiotic sensitivity.

This study had some limitations. The results of the study include the 
data of the COVID-19 intensive care unit patients of only one hospital 
in our country. For this reason, since the results obtained depend on 
the local conditions of our hospital, they cannot be generalized for 
other hospitals in our country and the world. Also, the results may 
change in further studies to be conducted after vaccination because 
the present study was performed before the administration of CO-
VID-19 vaccines.
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CONCLUSION
In conclusion, it was found that the most important risk factor was 
the duration of mechanical ventilation for ventilator-associated 
pneumonia, which was examined in intensive care patients intuba-
ted during the COVID-19 pandemic. Also, Acinetobacter baumannii 
was found to be the most common causative microorganism in the 
study.
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