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

pective Study

COVID-19 Hastalarinda Ventilatér iliskili Pnomoni Risk Faktorleri ve Patojenlerin Degerlendirilmesi: Retros-

pektif Bir Calisma

Saliha YARIMOGLU', Rafet YARIMOGLU?

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

OZET

AMAG: COVID-19 pandemisi esnasinda yogun bakimlarda takip edi-
len hastalarin gogunda mekanik ventilasyon gerekliligi ortaya ¢ikmis-
tir. Bu calismada yodun bakim Unitelerindeki COVID-19 hastalarinda
ventilator iligkili pnémonilerin risk faktorlerinin, sikliginin ve etkenleri-
nin incelenmesi amaclanmistir.

GEREC VE YONTEM: Bu calisma retrospektif bir tasarima sahiptir
ve bir egitim arastirma hastanesinin 3. Basamak yogun bakimlarinda
takip edilen COVID-19 hastalar arasinda yapilmistir. Calismaya Mart
2020 ile 1 Ocak 2021 arasinda 3. Basamak yogun bakimlarda enttibe
olarak takip edilen on sekiz yasindan blytk COVID-19 hastalari dahil
edildi. Hasta dosyalarindan endotrakeal aspirat kUltUrlerindeki Greme-
ler, enfeksiydz mikroorganizmalar ve antibiyotik duyarliliklari gibi mik-
robiyolojik veriler toplandi. Ventilatér iliskili pnémonide etkili olan risk
faktorlerini belirlemek igin tek degiskenli ve ¢ok degiskenli ikili Lojistik
Regresyon analizi kullanild.

BULGULAR: Hastalarin %52.9 (108)'unda ventilator iligkili pnémoni
gorilldi ve endotrakeal aspirat kiltUrlerindeki tGreme ile dogrulandi.
Kultdrde Ureme gorulen hastalarin hastane yatis (17.56+14.09)(guin)
ve entlbe takip streleri (14.55+11.66) (guin) Ureme gorilmeyen has-
talarin hastane yatis (9.74+6.01) ve entube takip (712+4.32) surele-
rinden anlamli yiksek bulundu (sirasiyla, P<0.001, P<0.001).
Sonug: Sonug olarak, COVID-19 pandemisinde enttibe yogun bakim
hastalarinda ventilator iliskili pnédmonilerin irdelendigi bu galismada en
onemli prediktif faktériin mekanik ventilasyon slresi oldugu saptan-
dld I%lall§mada en sik etkenin Acinetobacter baumannii oldugu tespit
edildi.

Anahtar Kelimeler: COVID-19, SARS-CoV-2, hastane enfeksiyon-
lari, ventilator iliskili pndmoni, yogun bakim.
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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 foIIowed up in intensive care units (ICU)
required mechanical ventilation." Prolonged mechanical ventila-
tion periods because of respiratory failure cause an mcreased risk
of ventilator-associated pneumonia in intensive care patients”. The
most common hospital-acquired infection in mechanlcally ventilated
patients is ventilator-associated pneumonia (VAP)®. 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 |nC|dence of
infections with agents with multiple antibiotic resistance®. It is also
considered that steroids and other anti-cytokine treatments used
to suppress cytokine storm in these patients may predispose them
to secondary infections®, °. 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 uL or
less than 4000 cells per pL, and purulent tracheal secretions?7. 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 coIony forming units (CFU) isolation
per milliliter (mL) in ETA culture’,

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 Il 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)

Variables (n=204) Percentapges (34)
Gemsder
hizle 114 56.0%
Famale 28 43.1%
Chromic Disease
Yaz 172 84.3%
Mo 32 15. 7%
DM
Yaz 71 34.8%
Mo 133 652%
HT
Yaz 111 544%
Ha a3 45.6%
CAD
Tes 44 22.5%
Ha 158 T7.5%
CHF
ez 21 10.3%
Ha 183 B9.7%
COPD
Tes 46 12.7%
Ha 178 873%
CED
Yeas 13 §.4%
Ha 121 93.6%
Alzheimer's Dizease
ez Bl 4.4%
Ha 125 95.6%
VD
Yeas 11 54%
Ha 193 04.6%
Demamethasone
ez 32 12.1%
Ha 145 B0.0%
Lowdosa Msthy] Prednizolane
Yeas 12 93%
Ha 185 20. 7%
Highdosehety]l Prednisoclone
Yeas 30 14.7%
Ha 174 85.3%
Tocilizumat
ez 0 0.8%
Mo 184 00.2%
Growth in ETA cultures
Yas 108 519%
o 66 314%
Failad to obtain n 14.7%
Variables Mean Valnes trtandard deviation (min-max)
Aze .“-].SS =]11.36 (30-06)
APACHE score 1534 =825 (10-51)
Length of hospital stay (days) 1344 =11.71 (4-27)
Intobated follow-up  time =040 (3-83)
N 10.82
(days)
Growth date in culnre (which 66 =4 81 (3-27)
day of intubation) (=108) -
Total 204 (H100)

(Categorical data are presented as the Tequency (percentags)

Tumerica] dat are prezented a: the means=tamdard deviation (min-max

DM Diabetes Mellins, HT: Hypertension, CACr Coronary Artery Disease, CHF: Congestive Heant Faihre,
(COPTr Chronic Ohstructive Pulmorary Dissacs, CED: Chromic Kidney Dizease, CVD: Cersbrovasoolar Diseasa,
ET4: Endotracheal aspirate

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
(712 = 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 giveniin

The distritution of the reprodusing agents{%]

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
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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

The Distribution of Antibiotics Susceptibility of Bacterias
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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

Ventilator-associated pneumonia

Variables Ye O N 3;.:;;% ) Pvalues
Gender Feme_ 41 (7)) 71 0%
S TN
w S e
- T
cap N sy Hosn m O
CHF E:E 101?655).6) ;; gf@ fsod, 0.008°
coep N sy mosy m O
CkD E:E fﬂﬁ((zﬁj“:')_g) gogg) fﬁﬁ 0.055"
o e
ov o et sosy 1 O
Dexamethasoe N ™D ey m M
LowdoseMetiy Peiclone ™ g (1 Giade 1 osse
] S
Toclizumab E:: ;i ggit) j51 ggjs) 3504 0205
Total 108 66 174
Chi-Squars test

“Fisher axact test

DM: Dizbetes Mellitus, HT: Hypertension, CAD: Coronary Artery Diseasa,
CHF: Congestive Heart Failure, COPD: Chronic Obstructive Pubmonary Diseaze,
CED: Chrome Eidney Disease, CVD: Cerebrovascular Diseaze

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

Multivariate
Pvalues OR(CI 95%)

Univariate
Pvalues OR (CT 95%)

Intubation period <0001 121¢L12-132) <0001 119(1.1-129)
Chronic Disease 0023 301(116-7.79) 0178 -

ho / yves

Dexamethasone 0024 266(113-624) 017 -

yes / no

Wagelkerke F. Square: 0.303, Classification success of multivariate model: 72.4%

OF.: Odds Ratio, CI: Confidence Interval,

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: 119 (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 rates™, ™
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,

16 17

especially with its effects on lymphocytes™, “. 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-19".

Although many benefits of usmg steroids were seen in the treatment
of COVID-19 in previous studies™-", there is an opinion that it may
also predispose to infection™, . 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 infections™. 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 pandemic™, 2, 2, % %* The
most common pathogens were found to be Acinetobacter bauman-
nii (=77, 71.3%), Klebsiella pneumoniae (n=22, 20.4%), and Pseu-
domonas aeruginosa (n=3, 2.8%), respectively in the present study.
I'I'he results in our study were similar to the previous studies in the
iterature.

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 ltalian hospital due to CO-
VID-1927. Acinetobacter baumannii can be colonized, espemally in
the hands of healthcare professionals in intensive care units™. 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
waf.]| found to be the most common causative microorganism in the
study.
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