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Abstract

Background: COVID-19 is a novel cause of acute respiratory distress syndrome (ARDS) that leads patients to inten-
sive care unit (ICU) admission requiring invasive ventilation, who consequently are at risk of developing of venti-
lator-associated pneumonia (VAP). The aim of this study was to assess the incidence, antimicrobial resistance, risk
factors, and outcome of VAP in ICU COVID-19 patients in invasive mechanical ventilation (MV).

Methods: Observational prospective study including adult ICU admissions between January 1, 2021, and June 31,
2021, with confirmed COVID-19 diagnosis were recorded daily, including demographics, medical history, ICU clinical
data, etiology of VAPs, and the outcome. The diagnosis of VAP was based on multi-criteria decision analysis which
included a combination of radiological, clinical, and microbiological criteria in ICU patients in MV for at least 48 h.

Results: Two hundred eighty-four COVID-19 patients in MV were admitted in ICU. Ninety-four patients (33%) had
VAP during the ICU stay, of which 85 had a single episode of VAP and 9 multiple episodes. The median time of onset
of VAP from intubation were 8 days (IQR, 5-13). The overall incidence of VAP was of 13.48 episodes per 1000 days in
MV.The main etiological agent was Pseudomonas aeruginosa (39.8% of all VAPs) followed by Klebsiella spp. (16.5%); of
them, 41.4% and 17.6% were carbapenem resistant, respectively. Patients during the mechanical ventilation in orotra-
cheal intubation (OTI) had a higher incidence than those in tracheostomy, 16.46 and 9.8 episodes per 1000-MV day,
respectively. An increased risk of VAP was reported in patients receiving blood transfusion (OR 2.13,95% Cl 1.26-3.59,
p=0.005) or therapy with Tocilizumab/Sarilumab (OR 2.08, 95% Cl 1.12-3.84, p =0.02). The pronation and PaO,/FiO,
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not increase the risk of death in ICU COVID-19 patients.

respiratory distress syndrome, ARDS, Corticosteroid

ratio at ICU admission were not significantly associated with the development of VAPs. Furthermore, VAP episodes did

Conclusions: COVID-19 patients have a higher incidence of VAP compared to the general ICU population, but it is
similar to that of ICU ARDS patients in the pre-COVID-19 period. Interleukin-6 inhibitors and blood transfusions may
increase the risk of VAP. The widespread use of empirical antibiotics in these patients should be avoided to reduce the
selecting pressure on the growth of multidrug-resistant bacteria by implementing infection control measures and
antimicrobial stewardship programs even before ICU admission.

Keywords: Ventilator-associated pneumonia, Intensive care unit, Coronavirus disease 2019, COVID-19, Acute
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Background

Coronavirus disease 2019 (COVID-19) is an infectious
disease caused by a coronavirus discovered in December
2019, named severe acute respiratory syndrome corona-
virus-2 (SARS-CoV-2), and it is responsible for the cur-
rent global pandemic that started in March 2020 [1].

COVID-19 can cause lung complications such as pneu-
monia and in the most severe cases ARDS. In COVID-19
patients with persistent hypoxemia who are unresponsive
to non-invasive ventilation (NIV), orotracheal intuba-
tion (OTI) is necessary and ICU admission is required
in patients with persistent hypoxemia [2]. In the event
of expected long-term mechanical ventilation or failed
weaning, tracheostomy is indicated [3].

Ventilator-associated pneumonia (VAP), one of the
most common health care-related infectious complica-
tions of invasive mechanical ventilation, may increase
the intensity of medical care and also complicate the out-
come of ICU patients.

Koulenti et al. in 2016 reported in the EU-VAP/CAP
study, a multicenter retrospective observational study
referring to a period from 1999 to 2006, enrolling patients
from 27 ICUs in nine European countries, the incidence
of VAP with 18.3 events per 1000 ventilator days [4]. In
the past decade, there has been a reduction in the inci-
dence of VAPs in European ICUs, probably due to bet-
ter implementation of preventive strategies [5]. Indeed,
more recently, in 2019, the European Centre for Disease
Prevention and Control (ECDC) reported an incidence of
VAP of 9.5 episodes per 1000 intubation days, based on
data from 1192 hospitals and 1480 ICUs, where 14 coun-
tries participated [6].

Furthermore, the Italian PROSAFE project report of
2018, performed by GiViTi (Italian Group for the Evalu-
ation of Interventions in Intensive Care) which includes
data collected from 122 ICUs in Italy, found that the inci-
dence of VAP in patients mechanically ventilated for at
least 8 days was 9.8 events per 1000 ventilator days (CI
95%, 9.2-10.4) [7].

Forel et. al. in 2012 showed that VAP occurred in
almost one third of patients with acute respiratory

distress syndrome (ARDS) in intensive care unit (ICU)
and were associated with an increase ICU mortality
which did not remain significant after adjustment [8].

The aforementioned studies refer to the pre-COVID-19
era. Data in literature show that patients with COVID-19
may have a higher risk of developing VAP than patients
without COVID-19, as reported in two recent multi-
center Italian studies performed in 2021 on COVID-19
patients by Grasselli et al. and Giacobbe et al., with an
incidence of 18 and 26 events per 1000 ventilator days [9,
10], respectively. A further study conducted in France by
Blonz et al. reports an incidence of VAPs of 39.0 episodes
per 1000 ventilator days [11]. Few of these studies have
investigated risk factors. Still, incidence, risk factors, and
mortality rates associated with VAP in ARDS COVID-19
patients are unclear and a matter of debate [11, 12].

The primary objective of this prospective observational
study was to assess the prevalence and incidence rates of
VAP in COVID-19 patients in ICU. The secondary objec-
tive was to assess the frequency of microbial isolates, pat-
tern of antimicrobial resistance, risk factors associated
with VAP, and ICU mortality in VAP patients.

Material and methods

Study design and definitions

A prospective cohort study was conducted at the “Laz-
zaro Spallanzani” National Institute for Infectious
Disease (INMI) in Rome, Italy, which is a third level
COVID-19 center with 200-bed hospital for infectious
disease and 55-bed in ICU.

In the present study, adult COVID-19 patients admit-
ted to our ICU from January 1, 2021, to June 31, 2021,
and underwent invasive mechanical ventilation for at
least 7 days were included.

Patients transferred to another hospital and those
still hospitalized at ICU at the end of the study were
excluded. COVID-19 was diagnosed by nasal pharyngeal
swab for reverse transcriptase polymerase chain reaction
(rt-PCR) assay. The diagnosis of VAP was based on multi-
criteria decision analysis adapted from the ECDC recom-
mendations [5] and Clinical Practice Guidelines by the
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Infectious Diseases Society of America and the American
Thoracic Society [13], which included a combination of
radiological, clinical, and microbiological criteria in ICU
patients in invasive mechanical ventilation (MV) for at
least 48 h. VAPs were diagnosed by Clinical Research
Coordinators based on their experience in clinical prac-
tice and publications. They also contributed to the super-
vision and the review of the study.

The clinical criteria included at least one of the fol-
lowing signs: fever>38 °C with no other cause, leuko-
cytes <4000/mm? or>12,000/mm?>, and at least one of
the following: new onset of purulent sputum or change
in character of sputum (color, odor, quantity, consist-
ency), worsening gas exchange — PaO,/FiO, ratio which
is the ratio of arterial partial pressure (PaO,) to fractional
inspired oxygen (FiO,). The radiological criteria included
new or worsening infiltrates on lung CT. Regarding
microbiological criteria the American guidelines [13]
recommend non-invasive and semi-quantitative sam-
pling, and European guidelines (ECDC) [5] recommend
invasive and quantitative sampling. In our study, serial
blind bronchoalveolar lavages were performed every
72 h in every intubated patient with the semi-quantita-
tive sampling. In case of rare species, which corresponds
from 10° to 10* CFU/ml in our microbiology laboratory
in semi-quantitative sampling, the etiologic agent has not
been considered and the VAP was not diagnosed. Posi-
tive quantitative culture from minimally contaminated
lower respiratory tract (LRT) specimen was considered
a threshold of 10* colony-forming units (CFU)/mL for
bronchoscopy bronchoalveolar lavage; or a threshold of
10° CFU/ml from endotracheal aspirate.

Patients on MV up to weaning were given continuous
intravenous sedatives to help attenuate the anxiety, pain,
and agitation associated with mechanical ventilation.
Nutritional support in ICU was performed according to
the European Society for Clinical Nutrition and Metabo-
lism (ESPEN) guidelines [14].

Percutaneous tracheostomy was performed in patients
with prolonged mechanical ventilation and weaning fail-
ure from mechanical ventilator [15].

Data collection

For each enrolled patient, the following data were pro-
spectively collected: age, gender, and body mass index
(BMI); sequential organ failure assessment score (SOFA
score), acute physiology and chronic health evaluation II
score (APACHE II score), and PaO,/FiO, at ICU admis-
sion; pre-ICU hospitalization as days of hospitaliza-
tion in the ward until admission to intensive care, ICU
length of stay, and etiology of VAPs. Also, corticosteroid
therapy, antiviral therapy (tocilizumab or sarilumab),
previous antibiotic therapy (30 days before orotracheal
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intubation), blood transfusions during ICU stay, hemo-
dialysis, barotrauma (pneumothorax or pneumome-
diastinum), and pronation at least 1 cycle of 12 h were
collected during the ICU hospitalization.

The comorbidities included arterial hypertension,
cardiovascular diseases, diabetes, obesity (defined as
BMI>30 kg/m?), chronic renal disease in stages 3-5
of CKD (chronic kidney disease), chronic liver disease
(moderate to severe liver disease), chronic lung dis-
eases (which included chronic obstructive pulmonary
disease—COPD, bronchial asthma, emphysema, or
other pulmonary diseases), previous neoplasm (during
the last 5 years, which includes solid neoplasia or hae-
matological malignancy), chronic neurological disor-
ders, autoimmune diseases, and other chronic diseases
(which includes all other less common diseases). We
also recorded previous hospitalization in last 6 months,
previous surgery in the last month. During the ICU
hospitalization of included patients, Clinical Research
Coordinators as trained healthcare personnel assessed
patients for the occurrence of VAP. Finally, a 30-day and
60-day-mortality were recorded, along with the total
length of ICU hospitalization and of IVM, performing of
tracheostomy.

Statistical analysis

The prevalence rate of VAP was calculated by dividing
the number of patients who acquired VAP by the total
number of included patients. The incidence rate of VAP
was calculated as number of episodes/1000 days of inva-
sive mechanical ventilation in both orotracheal intuba-
tion and tracheostomy procedures.

To assess potential risk factors associated with VAP,
patients with VAP were compared with patients who did
not acquire VAP during ICU stay.

Quantitative variables are expressed as medians (inter-
quartile range, IQR), while categorical variables were
expressed as counts (N) and percentages (%). The statisti-
cal comparison was performed by means of the Mann—
Whitney test for continuous variables and chi-square test
(or Fisher or chi-square test for trend where necessary)
for categorical variables.

Potential risk factors for VAP were analysed by univari-
ate analysis. Two-tailed p values<0.05 were considered
statistically significant. Variables from the univariate
analysis were considered for inclusion in multivariate
logistic regression analysis if p value was less than 0.05.
Backward stepwise logistic regression was performed.
Survival curves of patients with and without VAP were
obtained using the Kaplan—Meier method. The statisti-
cal analysis was performed SPSS Statistics 27 (IBM Corp,
Armonk, New York, USA).
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Results

During the study period, 451 COVID-19 patients were
hospitalized in our intensive care unit; 121 (26.8%) of
them were treated with noninvasive ventilation in our
ICU and 330 (73.2%) patients underwent OTI, and of
them, 133 patients (40.3%) were tracheostomized.

We excluded from the study 46 patients: 27 patients
underwent invasive mechanical ventilation for less than
7 days; 10 patients were still admitted at the end of the
study; 11 patients were transferred to other hospitals for
competence, of which 6 patients transferred to an extra-
corporeal membrane oxygenation center (ECMO), 3
patients to a coronary care unit, and 2 patients to a surgi-
cal care unit (Fig. 1).

Baseline characteristics of COVID-19 patients with VAP

Demographics, comorbidities, and clinical features of
ICU COVID-19 patients in MV with and without VAP
are summarized in Table 1. The median age was 66 years
(IQR, 58-73), and 71.5% were male. The median BMI
was 27.7 kg/m? (IQR, 25-31), and median SOFA score
and APACHE score at ICU admission were respectively
4.5 (IQR, 3-7) and 12 (IQR, 8-17). The most frequent
comorbidities were arterial hypertension (54.9%), obesity
(35.2%), cardiovascular disease (23.2%), diabetes (17.6%),
and chronic lung disease (13.4%). The mean pre-ICU
hospitalisation was 6 days (SD,+8.0). The mean days
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on MV were 26.9 (SD,+19.9), with a total accumulative
time of 7638 days on mechanical ventilation. The mean
ICU length of stay was 29.3 days (SD,+19.8). The time-
line distribuition of VAPs from OTI is shown on Fig. 2.
The median time to onset of VAP from intubation were
8 days (IQR, 5-13). Twenty-one patients (22%) had early-
onset VAP (within the first 4 days of MV) and 73 of them
(78%) had late-onset VAP (>4 days MV). A comparison
of patient demographics, clinical features, and etiological
between early and late VAP are shown in Tables 1 and 2
of the supplemental material.

As shown in Table 1, renal placement therapy was used
in 27 patients (9.5%), 109 patients (38.4%) underwent at
least 10 h of pronation prior to the development of the
VAP, 56 patients (19.5%) were treated with Tocilizumab
or Sarilumab prior OTIL, and 149 patients (51.9%) were
treated with empirical antibiotic therapy prior OTI. At
30 days from ICU admission, 104 patients (36.6%) died
and the overall ICU mortality rate was 42.2%.

Prevalence and incidence of VAP in ICU COVID-19 patients
During the study period, 103 episodes of VAP were
diagnosed in 94 patients (9 patients had more than one
episode), and the prevalence was 33% (94/284). The inci-
dence rate of VAP was 13.48 (103 episodes/7638 days on
MV) episodes per 1000 days in MV.

Admitted in ICU from January 1, 2021 to June 31, 2021:
451 COVID-19 patients

Excluded: 121 patients in NIV

Intubated COVID-19 patients in ICU

330
Excluded from the study:
- 27 patients in IMV <7 days
- 11 patients transferred to another

hospital on competence
- 8 patients still admitted at the end of
the study

Included in the study:
284 COVID-19 patients

ventilation; VAP, ventilator-associated pneumonia

|

Non-VAP group
190 patients
(67%)

VAP group
94 patients
(33%)
Single VAP episode Multiple VAP episodes
85 patients 9 patients

Fig. 1 Flowchart of study selection. COVID-19, coronavirus 2019; ICU, intensive care unit; IMV, invasive mechanical ventilation; NIV, non-invasive
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Table 1 Baseline demographic and clinical characteristics of patients at ICU admission
Characteristics Total VAP No VAP p value?
284 94 190
Age, median (IQR) 66 (58-73) 66.5 (57-73) 66 (58-74) 0.806
Male, n (%) 203 (71.5) 60 (63.8) 143 (75.3) 0.245
Female, n (%) 81(28.5) 34 (36.2) 47 (24.7) 0.245
BMI, kg/m2, median (IQR) 27.7 (25-31) 282 (254-32.4) 27.6 (25-30.5) 0.134
SOFA score, median® (IQR) 45 (3-7) 6 (4-8) 4 (3-7) 0.007
APACHE Il score, median* (IQR) 12(8-17) 13 (9-19) 11.5(7-16) 0.068
Comorbidities, n (%)
Arterial hypertension 156 (54.9) 51(54.3) 105 (55.2) 0.873
Cardiovascular diseases 66 (23.2) 28(29.8) 38 (20.0) 0.067
Diabetes 50(17.6) 17 (18.1) 33(17.3) 0.897
Obesity ° 100 (35.2) 40 (42.5) 60 (31.6) 0.069
Chronic renal disease ° 13 (4.6) 5(5.3) 8(4.2) 0.675
Chronic liver disease 3(1.0) 3(1.6) 0(0.0) N.A
Chronic lung disease 38(134) 16 (17.0) 22(11.6) 0.206
Previous neoplasm © 14 (4.9) 6 (6.4) 8(4.2) 0.719
Chronic neurological disorders 29(10.2) 14 (14.9) 15(7.9) 0.067
Autoimmune diseases 29 (10.2) 8 (8.5) 21 (11.0) 0.507
Other chronical diseases 38(134) 12(12.7) 26 (13.7) 0.831
Clinical characteristics
Previous surgery in last month 1139 4(4.2) 7(3.7) 0.815
Previous hospitalization last 6 months 21(74) 7(74) 14 (74) 0.981
Pre-ICU hospitalization, days 6 (£8.0) 4.7 (£5.5) 6.6 (£9.0) 0.072
Total days on mechanical ventilation 269 (£19.9) 320(£18.6) 24.3(£20.0) 0.002
ICU length of stay, days 293 (£19.8) 334 (£184) 27.3(x£20.2) 0.015
Renal placement therapy, no. (%) 27 (95) 11011.7) 16 (84) 0.835
Barotrauma, no. (%) 19 (6.7) 4(43) 15 (7.9) 0.250
Pronation ¢ 109 (38.4) 32(34) 77 (40.5) 0.282
Blood transfusion 104 (36.2) 45 (47.8) 59(31.0) 0.006
Tocilizumab/Sarilumab 56 (19.5) 26 (27.6) 30(15.8) 0.018
Pre-OTl antibiotic therapy © 149 (51.9) 55 (58.5) 94 (49.5) 0.152
Outcome
ICU discharged, patients, no. % 164 (57.8) 50(53.2) 114 (60.0) 0.276
ICU mortality, patients, no. % 120 (42.2) 44 (46.8) 76 (40.0) 0.276
30-day mortality, no. % 104 (36.6) 35((37.2) 69 (36.3) 0.880
60-day mortality, no. % 119 (41.9) 43 (45.7) 76 (40) 0.358

IQR Interquartile range, ICU Intensive care unit, BMI Body mass index, *SOFA score Sequential organ failure assessment and APACHE Il score, acute physiologic,
and chronic health evaluation at ICU admission. 2Obesity is defined as BMI > 30 kg/m? bStages 3-5 of CKD, chronic kidney disease; ‘Includes solid neoplasia or
hematological malignancy in the last 5 years; 9At least one cycle of 12 h; ©30 days before orotracheal intubation

The etiology of the VAPs and its incidence are shown
on Table 2. The incidence of Gram-negative bacteria
was higher than that of Gram-positive bacteria, 12.4 and
1.04 VAPs per 1000 days on MV, respectively. The main
etiological agents were Pseudomonas aeruginosa (41 epi-
sodes, 39.8% of all VAPs) of which 17 (41.4%) were car-
bapenem resistant, Klebsiella spp. (17 episodes, 16.5%)
of which 3 (17.6%) were carbapenem resistant, Staphilo-
coccus aureus (8 episodes, 7.7%) of which 4 (57%) were

methicillin-resistant, Acinetobacter baumanii (8 epi-
sodes, 7.7%) of which all of them were carbapenem resist-
ant, Stenotrophomonas maltophilia (8 episodes, 7.7%),
Escherichia coli (6 episodes, 5.8%), Serratia marcescens (4
episodes, 4.8%), and Proteus spp. (4 episodes, 3.8%).

The accumulative total MV time in orotracheal tube
was 4192 days and in tracheostomy were 3446 days.
Patients during the mechanical ventilation in OTI had
a higher overall incidence than those in tracheostomy,
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15,0 Mean = 9,26
Std. Dev. = 5,743
N =103

10,0

No. of VAPs

5,0

9.0 0 5 10 15 20 25 30

VAP onset from OTI (days)
Fig. 2 Timeline of onset of VAP from OTI. VAP, ventilator-associated pneumonia; OTl, orotracheal intubation

Table 2 Number of isolated microorganisms in ventilator-associated pneumonia episodes

Microorganism No. of VAPs In OTI In tracheostomy
Gram-positive 8 7

Incidence (VAPs/1000 MV days) 1.04 1.7 03

Methicillin-sensitive Staphylococcus aureus 4 3 1

Methicillin-resistant Staphylococcus aureus 4 4 0
Gram-negative 95 62 33

Incidence (VAPs/1000 MV days) 124 14.8 9.6

Pseudomonas aeruginosa (Carba-R) 41 (17) 24 (5) 17(12)

Klebsiella species (Carba-R) 17 (3) 12 (0) 5(3)

K. pneumoniae (Carba-R) 10(2) 7(0) 3(2)

K. aerogenes (Carba-R) 6(1) 4(0) 2(1)

K. oxytoca 1 1 0
Stenotrophomonas maltophilia 8 6 2
Acinetobacter spp. 8 7 1
Escherichia coli 6 4 2
Serratia marcescens 5 3 2
Proteus spp. 4 0 4
Enterobacter cloacae 3 3 0
Others 3 3 0

Total mechanical ventilation time, days 7638 days 4192 days 3446 days
Total VAP episodes 103 69 34
Incidence of VAP per 1000 MV days 1348 16.46 9.86

VAP Ventilator-associated pneumonia, Carba-R Carbapenem-resistant, ICU Intensive care unit, OT/ Orotracheal intubation, MV Mechanical ventilation

1646 (69/4192) and 9.86 (34/3446) episodes per 1000 ventilator days. The timeline of the main bacterial
1000 days on MV, respectively. agent, as Acinetobacter baumanii, Pseudomonas aerugi-

Pseudomonas aeruginosa and Klebsiella spp. had  nosa, and Klebsiella spp, during the period of study are
an incidence respectively of 5.36 and 2.2 episodes per
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shown in Fig. 3a and b shows of Pseudomonas aeruginosa
carbapenem susceptible vs resistant.

Risk factors for VAP in ICU COVID-19 patients

At univariate analysis, determinant factors significantly
associated with VAP were SOFA score > 4 at ICU admis-
sion with a twice higher risk (OR 2.19, 95% CI 1.26-3.81,
p=0.005), female with a lower risk than male (OR 0.58,
95% CI 0.34-0.99, p =0.045); blood transfusions prior to
VAP with a twofold higher risk (OR 2.04, 95% CI 1.23—
3.39, p=0.006) (Table 3). Administration of Tocilizumab
or Sarilumab was associated with a twofold higher risk
(OR 2.03, 95% CI 1.12-3.70, p=0.018) and ICU length of
stay >28 days with over twice higher risk (OR 2.29, 95%
CI 1.38-3.79). Comorbidities, corticosteroid therapy,
pronation, antibiotic therapy prior-OTI, and P/F ratio at
ICU admission were determinant factors not significantly
associated with the development of VAP. Moreover, VAP
episodes did not significantly increase the mortality at
28 days from ICU admission and the overall ICU mortal-
ity rate (Fig. 4).

The multiple regression analysis shows that >4 SOFA
score (OR 2.11, 95% CI 1.20-3.71, p=0.009), blood
transfusion prior to VAP (OR 2.13, 95% CI 1.26-3.59,
p=0.005), treatment with Tocilizumab or Sarilumab (OR
2.08, 95% CI 1.12-3.84, p=0.02), and >28-day ICU LOS
(OR 1.89, 95% CI 1.10-3.24) were all independent factors
related to a twice higher risk of developing VAP.

Discussion

This study shows a 33% crude prevalence rate of VAP
and an overall incidence density of 13.48 episodes per
1000 days of MV, higher than the incidence in non-
COVID patients from the report of the Italian project
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GiViTi of 2019 (with an incidence of 9.8 events per 1000
ventilator days) [7] and of the European intensive care
units (report of ECDC) in 2019 (9.5 episodes per 1000
ventilator days) [6]. However, the incidence of VAP is
quite similar compared to studies including only ARDS
patients as reported by Guerin et al. for PROSEVA trial
in 2016 (between 11.8 and 15.4 VAP per 1000 ventilator
days) [16].

VAP did not significantly increase the ICU mortality
rate in our cohort, consistently with previous reports in
COVID-19 [12], and non-COVID-19 patients, even with
severe ARDS [7]. Improvement have occurred in the
past few years in the management of ARDS patients in
the ICU. Lung-protective ventilation strategies have been
widely used in ARDS patients the past few decades and
especially in the last 2 years of pandemic with COVID-
19 ARDS patients [17, 18]. These strategies together with
prompt antibiotic treatment may contribute to explaining
this finding, as also some evidence indicates that cyclic
stretch of pulmonary epithelial cells may represent an
important pathogenic mechanism of VAP, promoting
bacterial growth [19].

The sequential organ failure assessment (SOFA) score
at ICU admission >4 and ICU length of stay>28 days
were independently associated with higher risk of VAP,
although ICU length of stay could be as much a cause as
a consequence. SOFA score has been developed to assess
the acute morbidity of critical illness and is widely used
in predicting mortality and ICU length of stay in septic
patients [20], as in some studies, it has been shown that
it can also be a predictor for ventilator-associated pneu-
monia [21].

Ventilated patients in OTI had a 1.7-fold higher inci-
dence of VAP than those in tracheostomy, 16.46 and 9.8

Timeline of VAPs in ICU COVID-19 patients
Etiology of VAPs

~—— Acinetobacter Baumanii
= Pseudomonas Aeruginosa
= Klebsiella Pneumoniae

no. of VAPs

00

01/21 02/21 03/21 04/21 05/21 06/21 07/21

Timeline

(a)

carbapenem-susceptible

Timeline of VAPs by Pseudomonas Aeruginosa
Etiology of VAPs

~—— Carba-S P. Aeruginosa
~—— Carba-R P. Aeruginosa

No. of VAPs
2

0,0
01/21 02/21 03/21 04/21 0s/21 06/21 07/21

Timeline

(b)

Fig. 3 Timeline of aetiology of VAPs. VAP, ventilator-associated pneumonia; ICU, intensive care unit; Carba-R, carbapenem-resistant; Carba-S,
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Table 3 Unadjusted and adjusted risk factors for developing at least one VAP in ICU COVID-19 patients
Variable Total ICU VAP group Univariate Multivariate p
patients
OR (95% Cl) p aOR (95% Cl)
284 94 (33)
Age > 70 years old (N 37(333) 1.02 (0.61-1.69) 0.946
Female (vs male), n (%) 203 60 (29.6) 0.58 (0.34-0.99) 0.045 0.69 (0.39-1.22) 0.205
SOFA score >4 182 71 (39) 2.19(1.26-3.81) 0.005 2.11(1.20-3.71) 0.009
APACHE Il score>10 182 67 (36.8) 1.62 (0.95-2.76) 0.076 1.05 (0.55-2.00) 0.883
Comorbidities, n (%)
Arterial hypertension 156 51(32.7) 0.96 (0.58-1.58) 0.872
Cardiovascular diseases 66 28 (424) 1.69 (0.96-2.99) 0.066 1.56 (0.85-2.83) 0.148
Diabetes 50 17 (34) 1.05 (0.55-2.00) 0.881
Obesity ° 100 40 (40) 1.60 (0.96-2.67) 0.068 1.55(0.91-2.65) 0.106
Chronic lung disease 38 16 (42.1) 1.56 (0.78-3.15) 0.205
Chronic renal disease ° 13 5(38.5) 1.27 (0.40-4.02) 0.674
Renal placement therapy 27 11 (40.7) 144 (0.64-3.24) 0375
Previous neoplasm © 15 6 (40) 1.37(047-3.97) 0.559
Chronic neurological disorders 29 14 (48.3) 2.04 (0.94-4.43) 0.067
Autoimmune diseases 29 8(27.6) 0.75(0.32-1.76) 0.506
Other chronical diseases 38 12(31.6) 0.92 (044-1.92) 0.830
Clinical characteristics
Corticosteroid therapy 201 69 (34.3) 1(0.69-2.10) 0493
Pronation ¢ 109 32(294) 0.76 (O 45-1.27) 0.290
Barotrauma 19 4(21.1) 0.52 (0.17-1.60) 0.248
Blood transfusion 104 45 (43.3) 2.04(1.23-3.39) 0.006 2.13(1.26-3.59) 0.005
Tocilizumab/Sarilumab 56 26 (46.4) 2.03(1.12-3.70) 0.018 2.08(1.12-3.84) 0.020
Pre-OTl antibiotic therapy 149 55(36.9) 144 (0.87-2.37) 0.151
PaO,/FiO, <100 mmHg 48 16 (33.3) 01 (0.52-1.95) 0.970
ICU length of stay > 28 days 113 50 (44.2) 2.29(1.38-3.79) 0.001 1.89(1.10-3.24) 0.020
30-day ICU mortality 104 35(33.7) 1.04 (0.62-1.73) 0.880
Overall ICU mortality 120 44 (36.7) 1.32(0.80-2.17) 0274

IQR Interquartile range, ICU Intensive care unit, BMI Body mass index, SOFA score Sequential organ failure assessment and APACHE Il score, Acute physiologic
and chronic health evaluation at ICU admission. 2Obesity is defined as BMI > 30 kg/m? bStages 3-5 of CKD, chronic kidney disease; ‘Includes solid neoplasia or

hematological malignancy in the last 5 years; YAt least one cycle of 12 h

episodes per 1000 days on MYV, respectively. Indeed, tra-
cheostomy has many beneficial effects in MV patients,
facilitating the weaning process, reducing the need for
sedative and analgesics, reducing dead space and airway
resistance, and finally, helping to maintain easier oral
hygiene [22].

In our cohort, the most frequently isolated microorgan-
isms were Pseudomonas aeruginosa (39.8%), Klebsiella
spp. (16.5%), Staphylococcus aureus (7.7%), Stenotropho-
monas maltophylia (7.7%), Acinetobacter baumanii
(7.7%), and Escherichia coli (5.8%). Although some of the
isolated microorganisms of our study are overlapping
with those of the 2019 ECDC report, others such as P
aeruginosa, Klebsiella spp, and A. baumanii have higher
incidence. This is likely to be due to the SARS-CoV-
2-related upper respiratory tract microbiome dysbio-
sis reported in some studies, correlated to a profoundly

altered microbiome profile through different mecha-
nisms, as known for other respiratory viruses, including
alteration of the respiratory epithelium, promotion of
adhesion of respiratory pathogens, and increase of local
inflammation [23, 24].

Carbapenem resistance resulted in all Acinetobacter
spp. and in 41.4% of P aeruginosa isolates with a 56%
and 60% increase over the ECDC report in 2019 (63.9%
and 25.9%, respectively). Instead, carbapenem resistance
in Klebsiella spp. isolates was 17.6%, which is slightly
higher to that reported by ECDC in 2019 (15.2%). Half of
S. aureus were methicillin-resistant (MRSA) with a 113%
increase over ECDC report in 2019 (23.5%). Widespread
and inappropriate prescription of broad-spectrum antibi-
otics as prophylaxis for COVID-19 (usually beta-lactams,
macrolides, and fluoroquinolones) has been observed
during the pandemic, as discussed in the 32nd European
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Congress of Clinical Microbiology & Infectious Diseases
(ECCMID), presented on April 23-26, 2022 [25], show-
ing high rates of antimicrobial resistance in COVID-19
patients. As expected, also in our study, a high percent-
age of our patients (52.4%) used broad-spectrum anti-
biotics prior to ICU admission and often started before
admission to hospital. The overuse of empirical antibi-
otics before intubation could have led to an unfavora-
ble development of multidrug resistant bacteria, as a
high proportion of carbapenem resistance and MRSA
microorganisms.

Late-onset VAP were more likely to be caused by multi-
drug-resistant (MDR) pathogens (Table 2, Supplemental
Material).

Demographics (age, sex), comorbidities, renal place-
ment therapy, PaO,/FiO, at ICU admission, and empiri-
cal antibiotic therapy prior OTI were not associated with
a higher risk of VAP, consistently with the data reported
by Blonz et al. [11]. Barotrauma, as pneumothorax or
pneumomediastinum, in our ICU COVID-19 patients
had a relatively low incidence [26], and it was not associ-
ated with a higher risk of VAP. Moreover, blood transfu-
sion during the ICU stay had an independent higher risk
of developing VAPs, as reported in a multicenter study
including 284 intensive care units in the USA in non-
COVID-19 population, by Shorr et al. [27]. An experi-
mental hypothesis is that blood transfusion promotes the
release of cytokines, which enhances various cytokine
cascades producing pulmonary inflammation, as well as
bronchoalveolar activation of coagulation [28].

The patient’s body position is an important aspect in
ICU. A semi-recumbent position (i.e., elevation of the
head of bed to 30-45°) has been widely used in our ICU
as a strategy for patients undergoing MV as a recom-
mendable measure in several clinical practice guidelines
for preventing VAP [29]. This position can help reduce
gastroesophageal reflux and avoid the entry of gastric
contents and contaminated oropharyngeal secretions
into the lower airway [29]. An early application of prone
position seems to have a survival benefit in patients with
moderate-severe ARDS, promoting the distribution of
the gas—tissue ratios along the dependent—nondepend-
ent axis and a more homogeneous distribution of lung
stress and strain [30]. Indeed, during the pandemic
prone position has been a common strategy in COVID-
19 patients with refractory hypoxemia [31]. Although
the prone position appears not to be associated with a
higher risk of VAP, as reported as well by Ayzac et al. in
the PROSEVA trial in 2016 and in a recent review
by Pozuelo-Carrascosa et al. in 2022, in intubated
patients with severe ARDS, and our results are con-
sistent with them [16, 29].

Interleukin-6 acts as a fundamental cytokine in organ-
izing T cell responses to infections and, eventually, may
protect against superinfection. Tocilizumab or Sarilumab
are anti IL-6 receptor monoclonal antibodies, approved
for the treatment of multiple inflammatory diseases, and
have been considered for off-label use in the treatment
of COVID-19 [32, 33]. We found that Tocilizumab/Sari-
lumab had a significant association with a twofold higher
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risk of VAP at both univariate and multivariate analysis,
consistently with data reported by Martinez et al. [34].

This study has a major limitation. This is an observa-
tional study conducted in a single center with a 6-month
observation period on a limited population of approxi-
mately 300 MV COVID-19 patients; however, our preva-
lence and incidence rate are in line with literature data,
and it represent a first step to formulate hypothesis to
design of larger clinical studies.

Conclusions

Our study shows an incidence of VAP in COVID-19
patients higher than that reported in non-COVID-19
patients [6], but in line with the data reported in ARDS
patients in pre-COVID era [16]. Patients with trache-
ostomy had a reduced incidence of VAPs, and a correct
timing of tracheostomy in MV patients is a key strategy
to reduce VAP. Conversely, interleukin-6 inhibitors and
blood transfusion in our COVID-19 patients have been
all recognized as independent risk factors for developing
VAP. Prone position did not increase this risk.

We reported a high incidence of carbapenem resist-
ance Pseudomonas aeruginosa and MRSA, likely related
to an increased use of empirical antibiotics. Since man-
agement practices for COVID-19 patients in the ICU
are constantly evolving, the widespread use of empirical
antibiotics in these patients and optimal infection control
measures by implementation of antimicrobial steward-
ship programs should be all taken into consideration, to
avoid the development of multidrug-resistant bacteria.

Finally, VAP did not increase the ICU case mortality
rate.
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