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ABSTRACT

Background. COVID-19 patients requiring mechanical ventilation are particularly at risk of
developing ventilator-associated pneumonia (VAP). Risk factors and the prognostic impact of

developing VAP during critical COVID-19 have not been fully documented.

Methods. Patients invasively ventilated for at least 48h from the prospective multicentre
COVID-ICU database were included in the analyses. Cause-specific Cox regression models
were used to determine factors associated with the occurrence of VAP. Cox-regression
multivariable models were used to determine VAP prognosis. Risk factors and the prognostic
impact of early vs. late VAP, and Pseudomonas-related vs. non-Pseudomonas-related VAP

were also determined.

Main findings. 3388 patients were analysed (63 [55-70] years, 75.8% males). VAP occurred
in 1523/3388 (45.5%) patients after 7 [5-9] days of ventilation. Identified bacteria were mainly
Enterobacteriaceae followed by Staphylococcus aureus and Pseudomonas aeruginosa. VAP
risk factors were male gender (Hazard Ratio (HR) 1.26, 95% Confidence Interval [1.09-1.46]),
concomitant bacterial pneumonia at ICU admission (HR 1.36 [1.10-1.67]), PaO»/FiO; ratio at
intubation (HR 0.99 [0.98-0.99] per 10 mmHg increase), neuromuscular-blocking agents (HR
0.89 [0.76-0.998]), and corticosteroids (HR 1.27 [1.09-1.47]). VAP was associated with 90-
mortality (HR 1.34 [1.16-1.55]), predominantly due to late VAP (HR 1.51 [1.26-1.81]). The

impact of Pseudomonas-related and non-Pseudomonas-related VAP on mortality was similar.

Conclusion. VAP affected almost half of mechanically ventilated COVID-19 patients. Several
risk factors have been identified, among which modifiable risk factors deserve further
investigation. VAP had a specific negative impact on 90-day mortality, particularly when it

occurred between the end of the first week and the third week of ventilation.
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Abbreviation List:

ARDS

C-VAP

COVID-19

HR

ICU

IL

MV

NC-VAP

NMBA

VAP

Acute Respiratory Distress Syndrome
COVID-19-related VAP

COronaVIrus (SARS-CoV-2)-related Disease
Hazard Ratio

Intensive Care Unit

Interleukin

Invasive Mechanical Ventilation

non COVID-19-related VAP

NeuroMuscular Blocking Agents

Ventilator-Associated Pneumonia
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1. INTRODUCTION

“Coronavirus disease 2019” (COVID-19), due to SARS-CoV-2 infection, primarily affects the
lungs. From the beginning of the pandemic to early September 2022, approximately 615 million
people have been diagnosed with COVID-19, among whom approximately 6.5 million died,
worldwide [1]. Severe pneumonia and acute respiratory distress syndrome (ARDS) are the two
most severe forms of COVID-19. High-flow oxygen therapy is the first-line treatment of
COVID-19-related severe hypoxemia [2], however, more than half of critically ill COVID-19
patients will require invasive mechanical ventilation (IMV). Ventilator-associated pneumonia
(VAP) affects between 29% and 64% of COVID-19 patients [3—7]. VAP incidences of up to
84% have even been reported in SARS-CoV-2 infected patients requiring ECMO [8]. To date,
several pathophysiological hypotheses have been proposed to explain the particular
vulnerability of COVID-19 patients to bacterial lung superinfection. However, the
identification of risk factors of VAP, as well as the impact of VAP on the prognosis of severely
SARS-CoV-2 infected patients is not fully documented. Previous reports based on small cohorts
suggested that the male gender and the need for vasopressors are risk factors of VAP in COVID-
19 [3,9]. Additionally, the occurrence of VAP in ventilated COVID-19 patients did not seem to

affect mortality [9], mainly driven by VAP-induced septic shock and ARDS [4].

Based on the analysis of the largest multicenter prospective cohort including 4929 critically-ill
COVID-19 patients admitted into the ICU, the primary objectives of this study were to describe
the incidence, characteristics, risk factors, and the prognosis of VAP in severe COVID-19
pneumonia; and secondly to describe the risk factors and the prognosis of early vs. late VAP,

and Pseudomonas-related vs. non-Pseudomonas-related VAP.
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2. PATIENTS AND METHODS

Study design

The multicenter prospective COVID-ICU cohort has previously been described [6]. Briefly, the
study was conducted in 149 ICUs from 138 centers in France, Switzerland, and Belgium.
Between February 25, 2020, and May 2, 2020, all consecutive patients over 16 years of age
suffering from respiratory failure with laboratory-confirmed SARS-CoV-2 infection admitted

to a participating ICU were prospectively included.

Inclusion and exclusion criteria

Were included in the current analysis all invasively mechanically ventilated (> 48h) patients of
the COVID-ICU cohort. Were excluded patients who had been invasively ventilated for more

than 24 hours prior to a transfer into one of the participating centers.

Data collection

Full data collection has been previously described [6]. Briefly, data were retrieved via an
electronic form, completed daily. A particular focus on patients’ respiratory support was made,
regarding both the type of support and its settings. Records of additional treatments such as
neuromuscular blocking agents (NMBA), corticosteroids, etc. were collected. Recorded
outcomes included time of weaning from IMV, time of ICU and hospital discharge, vital status

at ICU and at hospital discharge, and vital status 28 and 90 days after ICU admission.

VAP definition
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Only the first episode of bacterial VAP was considered when addressing the primary objectives.
Regarding subgroup analyses, only the first episode of early and/or late VAP, and
Pseudomonas-related and/or non-Pseudomonas-related VAP were considered.

VAP diagnosis was based on: 1) clinical and radiological suspicion based on the European
Center of Disease Control criteria [10]; 2) confirmed by one positive microbiological sample
defined when culture recovered >10° CFU.mL"! for tracheal aspirate, >10* CFU.mL"! for
broncho-alveolar lavage, and >10° CFU.mL"! for distal protected brush or aspirate [10]; 3)
leading the attending physician to initiate an antimicrobial therapy. In addition, VAP must have
occurred at least 48h after the onset of IMV. Finally, pneumonia only related to L. pneumophila,
mycoplasma, and chlamydia species, anaerobes, or isolated oro-pharyngeal flora were excluded
from the analyses. Early and late VAP were defined as occurring < and > 5 days respectively

after the onset of IMV [11].

Statistical analyses

Baseline characteristics of patients are described as counts (proportions) for categorical

variables and median [1%-3" quartiles] for quantitative variables.
q q

Factors associated with the occurrence of VAP were identified using cause-specific Cox
regression models, after checking the proportional-odds hypothesis and controlling for the
competing risk of death. The at-risk period started 48h after the onset of IMV. Factors
associated with early and late VAP were identified in independent analyses using the same
models. For early VAP, all patients were censored on day 5 following the onset of invasive
mechanical ventilation. For late VAP, the at-risk period started 5 days after the onset of IMV
in all patients still requiring IMV, and the occurrence of an early VAP was considered as a

covariate. In another analysis, only Pseudomonas-related VAPs were considered, using the
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same statistical approach, with the occurrence of earlier non-Pseudomonas-related VAP

considered as a covariate.

To determine whether the occurrence of VAP was associated with patients’ prognosis, Cox
regression multivariable models were used to study the time to death or hospital/ICU discharge
alive, considering the occurrence of a VAP as a time-dependent variable. For length-of-stay
outcomes, death was considered as a competing event with the use of cause-specific models.
For all regression analyses, a univariable analysis was conducted and a multivariable model for
variables deemed clinically relevant was built, regardless of the univariable significant

associations [12].

All tests were two-tailed and interpreted at the 0.05 significance threshold. All analyses were
performed using the R statistical software version 4.0.3 (R Foundation for Statistical

Computing, Vienna, Austria).

IRB approval

The study was approved by the French Intensive Care Society ethical committee (CE-SRLF 20-
23). Due to the observational design and in accordance with French law [13], patients or next-
of-kin of ICU non-survivors were informed that anonymized data regarding their hospital stay

were collected in the database.

Reporting guidelines

This observational study follows the STROBE guidelines. STROBE checklist is provided as a

supplementary file.
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3. RESULTS

Patients

Over the study period, 4929 patients were included in the COVID-ICU database. Complete
follow-up data were available for 4676 out of the 4929 patients, including 473 (10.1%) patients
exclusively treated with standard oxygen therapy, 381 (8.1%) with high-flow oxygen therapy,
and 156 (3.3%) with non-invasive ventilation. Among the remaining 3666 patients, 278 were
ventilated for more than 24h prior to admission into a participating ICU. Eventually, 3388
invasively ventilated patients were analyzed. According to the protocol, episodes only due to
Legionella pneumophila (n=1), mycoplasma and chlamydia species (n=1), anaerobes (n=8), or
isolated oro-pharyngeal flora (n=116) were not considered as VAP. Finally, 1523 (45.0%)

patients fully analyzable presented at least one episode of VAP (Figure 1).

Characteristics of patients and their clinical and biological data at ICU admission are available
in Table 1. The median age was 63 [55-70] years. There were 2545/3388 (75.1%) male patients.
The most frequent comorbidities were hypertension (48.9%) and diabetes (27.5%). There were
352 (10.4%) immunocompromised patients. Median time between the first COVID-19
symptoms and ICU admission was 7 [4-10] days. At admission, SOFA and SAPS-II scores
were 10 [8-12] and 39 [30-52], respectively. Concomitant bacterial pneumonia has been
diagnosed in 245 (7.2%) SARS-CoV-2 infected patients. There was no relevant difference
regarding co-morbidities, and characteristics at admission and during the first 24h following
tracheal intubation between patients with and without subsequent VAP, except for the

prevalence of diabetes and values of PaO,/FiO> ratio (Table 1).

First VAP episode description and predictors

10
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At least one episode of VAP occurred in 1523 (45.0%) patients, after a median of 7 [5-9] days
of IMV. The cumulative probability of developing VAP is presented in Figure A.1. Distribution
of the bacteria isolated during the first episode of VAP is presented in Table 2. VAP was
monomicrobial in 1263/1523 (82.9%) of cases. Among the 1814 bacterial species isolated,
Enterobacteriaceae were found the most frequently, followed by Staphylococcus aureus and

Pseudomonas aeruginosa.

Univariable and multivariable analyses of COVID-19-related VAP (C-VAP) predictors are
reported in Table 3. After adjustment, variables independently associated with C-VAP were
male gender (HR 1.26 95%CI[1.09-1.46], p = 0.002), concomitant bacterial pneumonia at ICU
admission (HR 1.36 [1.10-1.67], p = 0.004), the severity of respiratory failure at the time of
IMV initiation (HR 0.99 [0.98-0.99] per 10 mmHg increase of the PaO,/FiO; ratio, p = 0.001),
NMBA use (HR 0.89 [0.76-0.998], p = 0.046), and corticosteroid use (HR 1.27 [1.09-1.47], p

=0.002).

Early and late VAP description and predictors

Among the 1523 patients that presented C-VAP, 491 (32.2%) patients presented an early VAP,
and 1313 (86.2%) had at least one episode of late VAP. Distribution of the bacterial species
isolated during early and late VAP is presented in Table A.1. S. aureus, S. pneumoniae, and H.
influenzae were isolated more frequently in early than in late VAP, while P. aeruginosa was

isolated more frequently in late than in early VAP.

After adjustment, the only variable independently associated with early VAP was concomitant
bacterial pneumonia at ICU admission (HR 1.51 [1.03-2.22], p = 0.04) (Table A.2), while
variables independently associated with late VAP were male gender (HR 1.21 [1.03-1.44], p =

0.02), the severity of respiratory failure at the time of intubation (HR 0.99 [0.98-0.99] per 10

11
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mmHg increase of the PaO,/FiO; ratio, p = 0.002), NMBA use (HR 0.84 [0.72-0.97], p = 0.02),

and a previous episode of early VAP (HR 3.11 [2.64-3.67], p <0.001) (Table A.3).

Pseudomonas-related VAP description and predictors

Among the 1523 patients that presented C-VAP, 656 (43.1%) presented at least one episode of
Pseudomonas-related VAP. After adjustment, variables independently associated with
Pseudomonas-related VAP occurrence were the use of prone positioning (HR 1.25[1.02-1.53],
p = 0.03) and a previous non-Pseudomonas-related VAP (HR 5.87 [4.74-7.27], p < 0.001)

(Table A.4).

Patient outcomes and impact of VAP on prognosis

All VAP

Overall 28-day and 90-day mortality were 25.8% and 31.7%, respectively. Among survivors,
the median length of IMV, ICU, and hospital stay were 17 [8-28], 19 [12-32], and 31 [19-49]
days, respectively (Table 2). After adjustment for the other predictors of 90-day mortality of
critically ill COVID-19 patients [6], the occurrence of at least one episode of VAP was
significantly associated with poor outcome (HR 1.34 [1.16-1.55], p < 0.001) (Table 4 and
Figure 2). VAP was also associated with higher ICU and hospital length-of-stay among

survivors (Table 2 and Figure A.2).

Early and late VAP

After adjustment, late VAP was independently associated with 90-day mortality (HR 1.51

[1.26-1.81], p < 0.001), while early VAP was not (HR 1.10 [0.91-1.32], p = 0.34) (Table A.5).

12
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Pseudomonas-related VAP

The impact of Pseudomonas-related and non-Pseudomonas-related VAP on 90-day mortality

was similar (HR 1.18 [0.99-1.40] and HR 1.18 [1.02-1.37], respectively) (Tables A.6A&B).

13
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4. DISCUSSION

VAP incidence and microbial ecology

In this prospective multicenter study, 45% of mechanically ventilated COVID-19 patients
presented at least one episode of VAP. This result is in keeping with previous smaller reports,
in which the incidence of C-VAP ranged from 30% to 60% [14]. However, this incidence is
higher than reported in mixed non-COVID ICU patients, usually ranging from 10% to 25%
[15,16], and reaches similar incidences to those reported in trauma or brain injury [17]. Taking
into consideration the severity of lung injury, this incidence remains higher than reported in
patients with severe ARDS due to other causes [18,19], including other viral ARDS [8,20,21].
This suggests the involvement of a specific mechanism related to COVID-19. It cannot be ruled
out that the surge of severe patients, may have led to a decrease in vigilance and incomplete
compliance with infection prevention measures [22]. Indeed, the surge of ICU patients led to
work overload and understaffing (notably due to infection of healthcare workers), and
consequently to hiring non-ICU nurses and increasing the patient-to-nurse ratio [23]. Moreover,
nurses had to take care of more severe patients requiring more frequent invasive ventilation
than before the first epidemic waves. In addition, closing the doors of patients’ rooms, the need
to wear highly protective equipment to get in (and their possible shortage), and the possible fear
of staff contamination contributed to decreasing the number of daily visits to patients [24].
Finally, ICU workers experienced high levels of stress and psychological burden, decreasing
their vigilance and compliance with bundles of care for VAP prevention [25].

However, other pathophysiological features related to SARS-CoV-2 itself or to the excessive
host inflammatory response may contribute to this increased susceptibility to bacterial
superinfection, such as a large production of Interleukin (IL)-6, IL-1B, and IL-10 [26-28],
lymphopenia [26,29], decreased B and dendritic cells activation [30], decreased HLA-DR

expression on lung macrophages [31], or expansion of myeloid-derived suppressor cells [32].

14
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Despite this increased incidence, the bacterial ecology reported in C-VAP appears close to that
of non-COVID-19-related VAP (NC-VAP) [15]. Indeed, Enterobacteriaceae, Pseudomonas
aeruginosa, and Staphylococcus aureus were the three main isolates, similar to the findings of
a large European multicenter study [33]. Our results are also in keeping with those of previous
smaller studies comparing bacterial ecology in C-VAP and NC-VAP [7,34,35]. Finally, we
confirmed previous observations made both in NC-VAP [33] and C-VAP [9], reporting a
greater proportion of S. aureus, S. pneumoniae, and H. influenzae, and less P. aeruginosa in

early compared to late VAP.

VAP predictors

Among patient-related risk factors, only the male gender was independently associated with C-
VAP in our study. This is in keeping with previous reports about NC-VAP [36-38] and C-VAP
[3,9]. Conversely, chronic renal and heart failures, COPD, diabetes, and immunodeficiency,
frequently cited as NC-VAP risk factors [15,39], were not associated with C-VAP. Regarding
severity factors, we observed that the severity of hypoxemia at intubation was associated with
a moderate additional risk of C-VAP, which is consistent with the previous identification of
ARDS as a risk factor of NC-VAP [15,39]. In contrast with several small-size studies [40,41]
and randomized controlled trials [42], steroids use was associated with C-VAP in this study, as
previously suggested in NC-VAP [15]. However, due to the design of the study, we cannot rule
out the participation of non-respiratory organ failure in this result, notably of associated septic
shock, which is both a potential indication for hydrocortisone therapy and a risk factor of VAP
[37,43]. In addition, the effect of steroids on the incidence of VAP may vary during ICU stay,
with an increased risk being reported for patients hospitalized for at least 14 days in the ICU

[44]. Conversely, NMBA use was associated with a reduced incidence of C-VAP in this study.

15
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This is an unexpected result as a large recent study showed a 2.5-fold increased risk of NC-
VAP with NMBA use, even after adjustment for the severity of the ARDS [38]. Thus, further
studies are needed to determine if early administration of NMBA could be a protective factor
in C-VAP. NMBA may prevent patient self-induced lung injury (P-SILI) by removing the
strong inspiratory efforts arising from the high respiratory drive frequently observed in COVID-
19 patients [45], which may favor VAP by worsening lung injuries and prolonging the duration

of IMV.

Finally, the parameter associated with VAP with the highest hazard ratio was concomitant
bacterial pneumonia at ICU admission, which occurred in 7.2% of patients. This incidence,
lower than for other viral ARDS such as influenza-related ARDS, is consistent with previous
reports [46,47]. The risk of VAP may in part be explained by a more dysregulated inflammation
in case of bacterial co-infection, favoring subsequent superinfection. This is in keeping with the
higher mortality observed in COVID-19 intubated patients suffering from concomitant bacterial

infection [47], similar to that reported in other respiratory viral-bacterial co-infections [48].

VAP impact on the outcome

The negative impact of VAP on mortality is established in general ICU patients [16,49] and in
patients suffering from influenza pneumonia [50]. However, the impact of C-VAP on mortality
is still a matter of debate. Nseir et al. reported a 1.7-fold increase in 28-day mortality due to C-
VAP [50], while Gamberini et al. did not observe any significant excess in mortality either for
early or late C-VAP [51]. The crude mortality rates of patients with and without VAP in our
study must not be directly compared due to the immortal time bias leading to underestimating
mortality in patients with VAP. The Cox regression analysis accounting for competing risk of

death and time-varying history of VAP controlled this bias and confirmed that the occurrence

16
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of C-VAP was associated with higher mortality (HR 1.34 [1.16-1.55]). These estimates are
somewhat smaller than those reported by Nseir et al. Moreover, we observed different results
for early and late C-VAP, only the latter being significantly associated with increased 90-day
mortality. Gamberini et al. previously reported a detrimental impact of late rather than early C-
VAP on weaning from IMV, although no effect on mortality was observed, possibly due to a
lack of power. In addition, landmark analyses suggested that VAP-related excess in mortality
is of particular concern during the first 15 days following intubation. Indeed, the cumulative
probability of death at day 90 no longer differed between patients with and without C-VAP as
soon as VAP occurred 15 days or more after intubation, suggesting that beyond this time point
the adverse effect of VAP may be overcome by other factors affecting patients with a prolonged
ICU stay. Finally, we observed a similar impact on mortality of Pseudomonas-related and non-
Pseudomonas-related C-VAP, confirming in C-VAP the absence of specific risk due to

Pseudomonas recently reported in NC-VAP [49].

Strengths and limitations

To our knowledge, this study is the largest cohort of ICU COVID-19 patients with VAP. Thanks
to the detailed data available in the COVID-ICU database, we were able to perform a
comprehensive risk factor analysis and adjust prognostic analyses on a large number of
variables already known to impact COVID-19 patients’ mortality. Moreover, the Cox
regression models used for prognostic analyses allowed us to estimate the specific association
of VAP with mortality independently of the ventilation time already elapsed at the time of VAP
onset. Thus, our study adds to current knowledge the identification of C-VAP risk factors and
definitely confirmed the link between developing VAP and over-mortality during critical

COVID-19.
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We acknowledge several limitations to our study. First, all patients were included during the
first epidemic wave of SARS-CoV-2 affecting Europe in the spring of 2020. Thus, it cannot be
excluded that recent features including the acquisition of immunity following successive
epidemic waves or vaccination, or the emergence of SARS-CoV-2 variants, may change some
of our results. Second, collected data did not allow us to precisely describe the bacterial ecology
of C-VAP, for instance regarding the distribution of species within the Enterobacteriaceae
family, or to provide antibiotic susceptibility and resistance profiles. Finally, although this study
was conducted in 149 ICUs from 138 centers, across three countries, our results were obtained
from a west European population. Since genetic predispositions to VAP and ethnical
quantitative and qualitative variations in immune function have been described [39], further

large studies are needed to confirm our results in different populations.
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CONCLUSION

Patients with critical COVID-19 requiring IMV are especially exposed to the risk of VAP, in
particular if they are males, present a bacterial pneumonia concomitantly with COVID-19,
suffer from severe hypoxemic respiratory failure, and are treated with corticosteroids. C-VAP
is independently associated with 90-day mortality and ICU morbidity, mainly due to the effect
of late-VAP occurring before the 3™ week of ICU stay. A potential protective effect of NMBA
use at the early stage of ventilation of critical COVID-19 patients requiring IMV deserves

further investigations.
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TABLES

TABLE 1. Demographic, clinical, biological, and ventilatory support characteristics of the
3388 patients according to the occurrence of ventilator-associated pneumonia (VAP).
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No All patients VAP No VAP
’ (n=3388) (n=1523) (n=1865)
Age, years 3387 63 [55-70] 63 [55-70] 63 [55-71]
Men, number (%) 3358 2545 (75.8%) 1195 (79%) 1350 (73.2%)
Body mass index, kg.m 3182 28.6[25.6-32.5]  28.7[25.7-32.7]  28.4[25.6-32.4]
<18 18 (0.6%) 5(0.3%) 13 (0.7%)
18-25 649 (20.4%) 292 (20.2%) 357 (20.5%)
25-30 1268 (39.8%) 565 (39.1%) 703 (40.4%)
>30 1247 (39.2%) 582 (40.3%) 665 (38.3%)
Active smoker, number (%) 3388 141 (4.2%) 58 (3.8%) 83 (4.5%)
Cardiovascular comorbidities
Treated 3388 1656 (48.9%) 898 (48.2%) 758 (49.8%)
hypertension ' ’ '
C((i)'ronary artery 3388 373 (11.0%) 173 (11.4%) 200 (10.7%)
1Sease
Chronic heart o 0 0
rilare 3388 115 (3.4%) 50 (3.3%) 65 (3.5%)
Respiratory comorbidities
COPD 3388 206 (6.1%) 98 (6.4%) 108 (5.8%)
Asthma 3388 221 (6.5%) 97 (6.4%) 124 (6.6%)
Diabetes 3388 932 (27.5%) 450 (29.5%) 482 (25.8%)
Chronic renal failure 3388 310 (9.1%) 147 (9.7%) 163 (8.7%)
Chronic liver failure 3388 22 (0.6%) 10 (0.7%) 12 (0.6%)
Immunodeficiency 352 (10.4%) 160 (10.5%) 192 (10.3%)
Hematological 3388 97 (2.9%) 46 (3.0%) 51.(2.7%)
malignancies
Active solid tumor 3388 50 (1.5%) 16 (1.1%) 34 (1.8%)
Solid organ 3388 o o o
transplant 74 (2.2%) 40 (2.6%) 34 (1.8%)
Human 3388
Immunodeficienc 56 (1.7%) 24 (1.6%) 32 (1.7%)
y Virus
Immunosuppressiv. 3388 145 (4.3%) 72 (4.7%) 73 (3.9%)
e therapy® D70 ) I70
Long-term 3388 o o o
ot icostoroids? 135 (4.0%) 62 (4.1%) 73 (3.9%)
Clinical frailty score® 3028 2 [2-3] 2 [2-3] 2 [2-3]
Time between first symptoms
3387 7 [4-10 7 [4-10 7 [4-10
and ICU admission, days [4-10] [4-10] [4-10]
NSAID intake before ICU 2919 207 (7.1%) 96 (7.3%) 111 (7.0%)
admission
At ICU admission
SAPS II score 3107 39 [30-52] 39 [30-52] 40 [31-52]
SOFA score at ICU admission 2567 10 [8-12] 10 [8-12] 10 [7-12]
Patient origin 3373
Direct admission
from 0 0
home/emergency 511(15.1%) 237 (15.6) 274 (14.8%)
medical ambulance
Emergency room 1521 (45.1%) 693 (45.6%) 828 (44.7%)
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

Medical wards
Other ICU
Operating theatre

Concomitant bacterial

pneumonia

Respiratory support, number (%)

Standard oxygen
therapy
High-flow oxygen
Non-invasive
ventilation
Invasive
mechanical
ventilation

3387
3383

1078 (32%)
259 (7.7%)
4(0.1%)

245 (7.2%)

448 (13.2%)
264 (7.8%)
88 (2.3%)

2583 (76.4%)

463 (30.5%)
125 (8.2%)
2 (0.1%)

140 (9.2%)

193 (12.7%)
106 (7%)
34 (2.2%)

1190 (78.1%)

615 (33.2%)
134 (7.2%)
2 (0.1%)

105 (5.6%)

255 (13.7%)
158 (8.5%)
54.(2.9%)

1393 (74.9%)

At intubation

Ventilator settingsd

Biologyd

VT, mL.kg! PBW

Set PEEP, cmH>0O

Plateau pressure,
cmH>0

Driving pressure,
cmH>0

Set FiO,

Pa0,/FiO,, mmHg

White blood cells,
x10°.L"!
Lymphocytes,
x10°.L"!
Hemoglobin, g.dL"!
Platelets, x/0°.L"
Creatinine, umol.L
I
Bicarbonates,
mmol.L"!
C-reactive protein,
mg. L’
Procalcitonine,
ng.mL”’
Fibrinogen, g.L"!
D-dimers, ug.L”!
Lactate, mmol. L

2997
1306

2049

1318

2823
2652

3108

2745

3126
3122

3073

3107

2067

1571

2138
1483
3065

6.2 [5.9-6.7]
12 [10-14]

24 [21-27]

12 [10-14]

0.50 [0.40-0.60]
186 [146-243]

9.0 [6.8-11.9]

0.8 [0.5-1.1]

11.4[10.1-12.6]
240 [183-311]

82 [61-125]
25 [23-28]
195 [126-283]

0.58 [0.25-1.44]

6.9 [5.7-7.9]
1860 [1047-4000]
1.30 [1.00-1.70]

6.1[5.8-6.7]
12 [10-14]

24 [21-27]

12 [9-14]

0.50 [0.40-0.60]
176 [140-225]

9.2[6.9-12.3]

0.8 [0.5-1.1]

11.4[10.1-12.6]
240 [182-309]

83 [63-124]
26 [23-28]
201 [130-290]

0.60 [0.28-1.54]

6.9 [5.8-7.9]
1893 [1022-4099]
1.30 [1.00-1.70]

6.2 [5.9-6.8]
12 [10-13]

24 [21-27]

12 [10-14]

0.50[0.40-0.60]
193 [150-247]

8.8[6.7-11.7]

0.8 [0.5-1.1]

11.4[10.2-12.6]
240 [184-313]

80 [60-125]
25 [23-28]
190 [123-276]

0.54 [0.22-1.40]

6.8 [5.6-7.9]
1830 [1060-3818]
1.30 [1.00-1.70]

Results are expressed as n (%) or median [25th—75th percentiles]

 except corticosteroids
® daily intake above 20mg of prednisone equivalent
¢ Clinical Frailty Score (CFS) as described by Rockwood et al. (A global clinical measure of fitness and frailty in
elderly people. CMAJ. 2005,173:489-95). The validated French translation of the CFS was used in this study
(Abraham et al. Validation of the clinical frailty score (CFS) in French language. BMC Geriatr. 2019 Nov

21:19(1):322)

d

worst value during the 24h following tracheal intubation

No.: number of available data; NSAID: non-steroidal anti-inflammatory drug; PBW: predicted body weight
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TABLE 2. Treatments, VAP characteristics and outcomes of the 3388 patients according to the
occurrence of ventilator-associated pneumonia (VAP).

No All patients VAP No VAP
) (n=3388) (n=1523) (n=1865)
Treatments

Neuromuscular blockers use® 3076 2125 (69.1%) 1008 (70.8%) 1117 (67.6%)
Prone positioning use® 3187 1209 (37.9%) 602 (41.8%) 607 (34.7%)
Systemic antibiotic use® 3242 2080 (64.2%) 934 (63.9%) 1146 (64.4%)
{:cctl;ilgi tti’sitgt'ics 3249 2049 (63.1%) 935 (63.8%) 1114 (62.4%)
Corticosteroid treatment 3388 815 (24.1%) 363 (23.8%) 452 (24.2%)

VAP characteristics

Early VAP 1523 - 491 (32.2%) -
Late VAP 1523 - 1313 (86.2%) -
Monomicrobial VAP 1523 - 1263 (82.9%) -
Polymicrobial VAP 1523 - 260 (17.1%) -
Isolated pathogenb
Pseudo¢0nas ) 286 (15.8%) )
aeruginosa
Acmetobafter ) 19 (1%) )
baumanii
Haemophilus N
influenzae ) 48 (2.6%) )
Enterobacteriacea o
e and other GNB ) 1087/(59.9%) )
Staphylococcus ) 242 (13 3%)° )
aureus
Streptoco.ccus ) 35 (1.9%) )
pneumoniae
Enterococci - 61 (3.4%) -
Other streptococci - 36 (2%) -
Qutcomes
Subsequent VAP
Second episode 1523 - 736 (48.3%) -
Third episode 1523 - 174 (11.4%) -
>3 episodes 1523 - 145 (9.5%) -
28-day mortality? 3388 874 (25.8%) 329 (21.6%) 545 (29.2%)
90-day mortality? 3388 1074 (31.7%) 456 (29.9%) 618 (33.1%)
Length of mechanical
2 17 [8-2 25 [16-41 10 [5-1
ventilation®, days 389 7 [8-28] > [16-41] 015-19]
ICU length-of-stay®, days 2389 19 [12-32] 28 [19-43] 14 [8-21]
Hospital length-of-stay®, days 2344 31[19-49] 41 [28-60] 23 [15-37]

& at least during 48h hours following intubation and before VAP diagnosis

b total number of bacterial isolates, n=1814 in 1523 first VAP episodes

© including 37 (2%) methicillin-resistant Staphylococcus aureus

4 crude mortality at 28 and 90 days could not be directly compared between patients with and without VAP

due to immortal time bias. See Table 4 for multivariable analysis and text for interpretation.

¢ among survivors

28



TABLE 3. Factors associated with ventilator-associated pneumonia (VAP) in mechanically
ventilated adults with COVID-19.

Univariable HR Multivariable

O J o U bW
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[95%CI] p-value HR [95%CI] p-value
Age, per 10 years 0.99 [0.95-1.04] 0.72 0.96 [0.91-1.02] 0.18
Male gender 1.22 [1.07-1.38] 0.002 1.26 [1.09-1.46] 0.002
Active smoking 0.90 [0.69-1.17] 0.44 0.83 [0.61-1.12] 0.22
Body mass index > 30 kg.m? 1.04 [0.91-1.20] 0.57 1.05 [0.92-1.20] 0.45
Treated hypertension 1.08 [0.98-1.20] 0.12 1.00 [0.88-1.13] 0.97
Chronic heart failure 1.02 [0.77-1.35] 0.89 1.07 [0.78-1.49] 0.67
COPD 1.09 [0.83-1.44] 0.54 1.18 [0.92-1.50] 0.20
Diabetes 1.19 [1.07-1.33] 0.002 1.08 [0.94-1.23] 0.27
Chronic renal failure 1.19 [1.00-1.41] 0.05 1.10 [0.89-1.36] 0.37
Immunodeficiency 1.17 [1.00-1.38] 0.06 1.09 [0.89-1.34] 0.39
Concomitant bacterial pneumonia 5, .} 5¢ | 74, <0.001 1.36 [1.10-1.67] 0.004
at admission
Non-respiratory SOFA score at 1.04 [1.02-1.06] <0.001 1.02 [1.00-1.05] 0.09
intubation, per point
Pa0,/FiO; at intubation, per 10 0.99 [0.98-0.995] 0.002 0.99 [0.98-0.99] 0.001
mmHg
Leucopenia or hyperleucocytosis |, g9 1 591 0.08 1.07 [0.95-1.21] 0.24
at intubation
Neuromuscular blockers® 0.95 [0.85-1.07] 0.39 0.89 [0.76-0.998] 0.046
Prone positioning® 1.14[1.03-1.27] 0.02 1.11[0.98-1.27] 0.10
Corticosteroids use 1,39 [1.23-1.57] <0.001 1.27 [1.09-1.47] 0.002

& at least during 48h hours following intubation and before VAP diagnosis

b at least during 48h hours following intubation and before VAP diagnosis at a dose greater than or equal to 40 mg

prednisone equivalent
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TABLE 4. Factors associated with 90-day mortality in mechanically ventilated adults with

COVID-19.
Univariable HR _value Multivariable _value
[95%CI] P HR [95%CI] P

Age, per 10 years 1.49 [1.40-1.58] <0.001 1.47 [1.37-1.58] <0.001

Body mass index >30 kg.m™ 0.82 [0.72-0.94] 0.004 0.94 [0.81-1.09] 0.39

Diabetes 1.50 [1.32-1.70] <0.001 1.30 [1.13-1.50] <0.001

Immunodeficiency 1.74 [1.47-2.06] <0.001 1.60[1.33-1.96] <0.001

Time between first symptoms and 50+, 55 ¢7) <0.001 0.96 [0.95-0.98] <0.001

ICU admission, per day

Non-respiratory SOFA score at 1.10 [1.07-1.13] <0.001 1.09 [1.06-1.12] <0.001

intubation, per one point

Z?n(l);é/’ FiO; at intubation, per 10 0.99 [0.98-0.998] 0.02 0.98 [0.98-0.99] 0.003

At least one episode of VAP 1.38 [1.20-1.58] <0.001 1.34[1.16-1.55] <0.001
30
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FIGURE LEGENDS

Figure 1. Flow chart of the selection of patients included into the COVID-ICU database for

analyses.

Figure 2. Landmark analyses of the cumulative probability of death for patients still alive and
mechanically ventilated at day 5, day 10, day 15 and day 20, depending on the earlier occurrence
of VAP.
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APPENDICES

Supplementary Material Legends

Figure A.1. Cumulative probability of VAP occurrence across the duration of mechanical of
ventilation. The at-risk period starts after the initial 48h gray area.

Figure A.2. Landmark analyses of the cumulative probability of discharge from the ICU for
patients still alive and mechanically ventilated at day 5, day 10, day 15 and day 20, depending
on the earlier occurrence of VAP.

Table A.1. Bacterial distribution of the first ventilator-associated pneumonia (VAP) episode,
according to the occurrence of early and late VAP.

Table A.2. Factors associated with early ventilator-associated pneumonia (VAP) in
mechanically ventilated adults with COVID-19.

Table A.3. Factors associated with late ventilator-associated pneumonia (VAP) in
mechanically ventilated adults with COVID-19.

Table A.4. Factors associated with Pseudomonas-related ventilator-associated pneumonia
(VAP) in mechanically ventilated adults with COVID-19.

Table A.5. Factors associated with 90-day mortality in mechanically ventilated adults with
COVID-19, including early and late VAP.

Table A.6. Factors associated with 90-day mortality in mechanically ventilated adults with
COVID-19, including Pseudomonas-related and non-Pseudomonas-related VAP.
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Table A.1. Bacterial distribution of the first ventilator-associated pneumonia (VAP) episode, according to the
occurrence of early and late VAP

All first VAP First early VAP First late VAP p-value
(n=1523) (n=491) (n=1313)

Monomicrobial VAP 1263 (82.9%) 413 (84.1%) 1080 (82.3%)
Polymicrobial VAP 260 (17.1%) 78 (15.9%) 233 (17.7%) 0.39
Isolated pathogen®

Pseudomonas aeruginosa 286 (15.8%) 76 (13.2%) 257 (16.3%)

Acinetobacter baumanii 19 (1%) 6 (1%) 15 (1%)

Haemophilus influenzae 48 (2.6%) 25 (4.3%) 42 (2.7%)

Enterobacteriaceae and 1087 (59.9%) 338 (58.7%) 938 (59.6%)

other GNB

Staphylococcus aureus 242 (13.3%)° 87 (15.1%)° 212 (13.5%)° 0.04

Streptococcus pneumoniae 35 (1.9%) 19 (3.3%) 26 (1.7%)

Enterococci 61 (3.4%) 18 (3.1%) 52 (3.3%)

Other streptococci 36 (2%) 7 (1.2%) 33 (2.1%)

2 total number of bacterial isolates, n=1814 in 1523 first VAP episodes, n=576 in 491 first early VAP episodes, and n=1575 in 1313 first late
VAP episodes

b including 37 (2%), 14 (2.4%), and 34 (2.2%) methicillin-resistant Staphylococcus aureus for all first VAP, first early VAP, and first late
VAP episodes, respectively



Table A.2. Factors associated with early ventilator-associated pneumonia (VAP) in mechanically ventilated adults

with COVID-19

Univariable Multivariable

HR [95%CI] p-value HR [95%CI] p-value
Age, per 10 years 0.98 [0.89-1.08] 0.68 0.95 [0.85-1.06] 0.34
Male sex 1.30[0.98-1.71] 0.07 1.27 [0.94-1.72] 0.12
Active smoking 0.51[0.24-1.08] 0.08 0.48 [0.22-1.05] 0.07
Body mass index >30 kg.m™ 0.95[0.75-1.19] 0.65 0.94 [0.72-1.22] 0.63
Treated hypertension 1.09 [0.88-1.36] 0.42 1.06 [0.82-1.37] 0.66
Chronic heart failure 1.25[0.72-2.19] 0.43 1.23 [0.67-2.25] 0.50
COPD 1.15[0.737-1.79] 0.54 1.24 [0.77-2.00] 0.37
Diabetes 1.13 [0.89-1.44] 0.32 1.10 [0.85-1.44] 0.47
Chronic renal failure 1.18 [0.82-1.69] 0.37 1.09 [0.72-1.65] 0.37
Immunodeficiency 1.02 [0.71-1.46] 0.93 0.92 [0.60-1.41] 0.72
Concomitant bacterial pneumonia at admission 1.54 [1.07-2.22] 0.02 1.51[1.03-2.22] 0.04
Non-respiratory SOFA score at intubation 1.01 [0.97-1.06] 0.59 1.01 [0.96-1.06] 0.66
Pa0:/FiO: at intubation, per 10 mmHg 0.99 [0.97-1.00] 0.15 0.99 [0.97-1.00] 0.16
Leucopenia or hyperleucocytosis at intubation 1.10 [0.88-1.38] 0.40 1.06 [0.83-1.34] 0.66
Neuromuscular blockers® 0.97 [0.76-1.24] 0.79 0.90 [0.69-1.17] 0.43
Prone positioning® 1.13 [0.90-1.42] 0.30 1.13 [0.86-1.48] 0.37
Corticosteroids use” 1.41[0.98-2.02] 0.06 1.35[0.91-2.00] 0.14

2 at least during 48h hours following intubation and before VAP diagnosis

b at least during 48h hours following intubation and before VAP diagnosis at a dose greater than or equal to 40 mg prednisone equivalent
HR: Hazard Ratio, 95%CI: 95% Confidence Interval



Table A.3. Factors associated with late ventilator-associated pneumonia (VAP) in mechanically ventilated adults

with COVID-19

Univariable Multivariable
HR [95%CI] p-value HR [95%CI) p-value
Age, per 10 years 0.99 [0.94-1.04] 0.73 0.97 [0.92-1.03] 0.37
Male sex 1.22[1.06-1.40] <0.01 1.21[1.03-1.44] 0.02
Active smoking 0.96 [0.72-1.27] 0.77 0.95[0.67-1.34] 0.75
Body mass index >30 kg.m™ 1.07 [0.95-1.19] 0.27 1.09 [0.95-1.26] 0.22
Treated hypertension 1.04 [0.93-1.16] 0.45 0.95 [0.82-1.09] 0.46
Chronic heart failure 1.04 [0.76-1.41] 0.82 1.05[0.74-1.51] 0.77
COPD 1.12[0.89-1.41] 0.334 1.06 [0.81-1.39] 0.68
Diabetes 1.15[1.02-1.30] 0.03 0.99 [0.85-1.15] 0.85
Chronic renal failure 1.20[0.99-1.45] 0.06 1.19[0.94-1.52] 0.16
Immunodeficiency 1.20[1.01-1.44] 0.04 1.14[0.92-1.42] 0.25
Concomitant bacterial pneumonia at admission 1.51[1.25-1.82] <0.001 1.11 [0.89-1.38] 0.36
Previous episode of early VAP 3.46 [3.02-3.96] <0.001 3.11 [2.64-3.67] <0.001
Non-respiratory SOFA score at intubation 1.03 [1.00-1.05] 0.03 1.02 [0.99-1.05] 0.18
Pa0:/FiO: at intubation, per 10 mmHg 0.99 [0.98-1.00] <0.01 0.99 [0.98-0.99] 0.002
Leucopenia or hyperleucocytosis at intubation 1.10 [0.98-1.24] 0.09 1.04 [0.91-1.19] 0.56
Neuromuscular blockers® 0.91 [0.80-1.03] 0.15 0.84 [0.72-0.97] 0.02
Prone positioning® 1.17 [1.04-1.31] <0.01 1.02[0.88-1.18] 0.78
Corticosteroids use” 1.28 [1.13-1.46] <0.001 1.17 [0.99-1.38] 0.06

2 at least during 48h hours following intubation and before VAP diagnosis

b at least during 48h hours following intubation and before VAP diagnosis at a dose greater than or equal to 40 mg prednisone equivalent
HR: Hazard Ratio, 95%CI: 95% Confidence Interval



Table A.4. Factors associated with Pseudomonas-related ventilator-associated pneumonia (VAP) in mechanically
ventilated adults with COVID-19

Univariable Multivariable
HR [95%CI] p-value HR [95%CI] p-value
Age, per 10 years 1.00 [0.93-1.07] 0.97 1.00 [0.92-1.09] 0.97
Male sex 1.35[1.10-1.66] <0.01 1.19[0.93-1.52] 0.18
Active smoking 0.88 [0.59-1.33] 0.55 0.83 [0.50-1.39] 0.49
Body mass index >30 kg.m™ 0.94 [0.80-1.11] 0.48 0.96 [0.78-1.18] 0.67
Treated hypertension 1.06 [0.90-1.24] 0.48 0.96 [0.78-1.18] 0.70
Chronic heart failure 1.26 [0.84-1.90] 0.27 1.37[0.84-2.26] 0.21
COPD 1.10[0.79-1.53] 0.57 1.14[0.77-1.70] 0.52
Diabetes 1.16 [0.97-1.38] 0.10 0.99 [0.80-1.24] 0.96
Chronic renal failure 1.38 [1.07-1.78] 0.01 1.34[0.97-1.85] 0.07
Immunodeficiency 1.11 [0.85-1.44] 0.46 1.03 [0.75-1.43] 0.84
Concomitant bacterial pneumonia at admission 1.52 [1.15-2.00] <0.01 1.25[0.92-1.71] 0.15
Previous episode of non-Pseudomonas VAP 6.23 [5.20-7.46] <0.001 5.87 [4.74-7.27] <0.001
Systemic antibiotic therapy® 1.97 [1.46-2.68] <0.001 1.21[0.82-1.77] 0.34
Non-respiratory SOFA score at intubation 1.02 [0.98-1.05] 0.34 1.00 [0.97-1.01] 0.92
Pa0./FiO: at intubation, per 10 mmHg 0.99 [0.98-1.01] 0.25 1.00 [0.99-1.01] 0.84
Leucopenia or hyperleucocytosis at intubation 1.28 [1.08-1.50] <0.01 1.12 [0.92-1.35] 0.25
Neuromuscular blockers® 0.93 [0.78-1.11] 0.43 0.86 [0.69-1.06] 0.16
Prone positioning® 1.28 [1.08-1.50] <0.01 1.25[1.02-1.53] 0.03
Corticosteroids use” 1.33[1.10-1.60] <0.01 1.23 [0.98-1.55] 0.08

2 at least during 48h hours following intubation and before VAP diagnosis

b at least during 48h hours following intubation and before VAP diagnosis at a dose greater than or equal to 40 mg prednisone equivalent
HR: Hazard Ratio, 95%CI: 95% Confidence Interval



Table A.5. Factors associated with 90-day mortality in mechanically ventilated adults with COVID-19, including

early and late VAP.

Univariable Multivariable

HR [95%CI] p-value HR [95%CI] p-value
Age, per 10 years 1.49 [1.40-1.58] <0.001 1.50 [1.39-1.61] <0.001
Body mass index >30 kg.m 0.82 [0.72-0.94] 0.004 0.95 [0.80-1.11] 0.51
Diabetes 1.50 [1.32-1.70] <0.001 1.30[1.11-1.52] 0.001
Immunodeficiency 1.74 [1.47-2.06] <0.001 1.65 [1.34-2.04] <0.001
Time between first symptoms and ICU admission, per day 0.96 [0.95-0.87] <0.001 0.96 [0.94-0.97] <0.001
Non-respiratory SOFA score at intubation, per one point 1.10 [1.07-1.13] <0.001 1.09 [1.06-1.12] <0.001
Pa02/FiO; at intubation, per 10 mmHg 0.99 [0.98-0.998] 0.02 0.98 [0.97-0.99] 0.002
Early VAP 1.11[0.95-1.29] 0.178 1.10[0.91-1.32] 0.34
Late VAP 1.62 [1.40-1.88] <0.001 1.51[1.26-1.81] <0.001

HR: Hazard Ratio, 95%CI: 95% Confidence Interval



Table A.6A. Factors associated with 90-day mortality in mechanically ventilated adults with COVID-19, including

Pseudomonas-related VAP.

Univariable Multivariable

HR [95%CI] p-value HR [95%CI] p-value
Age, per 10 years 1.49 [1.40-1.58] <0.001 1.47[1.37-1.57] <0.001
Body mass index >30 kg.m™ 0.82 [0.72-0.94] 0.004 0.97 [0.84-1.12] 0.65
Diabetes 1.50 [1.32-1.70] <0.001 1.34[1.17-1.53] <0.001
Immunodeficiency 1.74 [1.47-2.06] <0.001 1.61[1.34-1.93] <0.001
Time between first symptoms and ICU admission, per day 0.96 [0.95-0.87] <0.001 0.97 [0.95-0.98] <0.001
Non-respiratory SOFA score at intubation, per one point 1.10[1.07-1.13] <0.001 1.09 [1.06-1.12] <0.001
Pa02/FiO; at intubation, per 10 mmHg 0.99 [0.98-0.998] 0.02 0.98 [0.98-0.99] 0.002
Pseudomonas-related VAP 1.23 [1.05-1.45] 0.01 1.18 [0.99-1.40] 0.06

Table A.6B. Factors associated with 90-day mortality in mechanically ventilated adults with COVID-19, including

non-Pseudomonas-related VAP.

Univariable Multivariable

HR [95%CI] p-value HR [95%CI] p-value
Age, per 10 years 1.49 [1.40-1.58] <0.001 1.47 [1.37-1.57] <0.001
Body mass index >30 kg.m™ 0.82 [0.72-0.94] 0.004 0.96 [0.82-1.11] 0.56
Diabetes 1.50 [1.32-1.70] <0.001 1.34[1.17-1.53] <0.001
Immunodeficiency 1.74 [1.47-2.06] <0.001 1.60 [1.33-1.92] <0.001
Time between first symptoms and ICU admission, per day 0.96 [0.95-0.87] <0.001 0.96 [0.95-0.98] <0.001
Non-respiratory SOFA score at intubation, per one point 1.10[1.07-1.13] <0.001 1.09 [1.06-1.12] <0.001
Pa02/FiO; at intubation, per 10 mmHg 0.99 [0.98-0.998] 0.02 0.98 [0.98-0.99] 0.003
Non-Pseudomonas-related VAP 1.22[1.06-1.39] <0.01 1.18 [1.02-1.37] 0.03

HR: Hazard Ratio, 95%CI: 95% Confidence Interval



Cumulative probability of VAP

N. at risk
N. VAP

60% 1

50% A
40% 1
30% A
20%
10% 1
0% 1

0 7 14 21 28

Time since mechanical ventilation onset (days)
3388 2049 938 451 244
0 804 1303 1479 1523




Cumulative probability of discharge alive

70%1 A Before day 5

50% Log-rank: p <0.001

VAP: o
—No  n gucn. 0
—ves NBSY 45

40

082 775
1678

218 178

244 284

—

BB BN B
B
o8 =

2170 1823
646

33
420 374
2 87

-

B

70%- B Before day 10

0 10 20 20 40 50 70

VAFP:
— No N.in iU
N.disch.

N.In iCU
N.disch.

8
B 2

204

402 874
rg 428
120 247 531

2558

o3 of
g3

— Yes

8

80%
s | G Beforeday 15

B80% 1 Log-rank: p < 0.001

70 80 20

VAP:

— No KU 847 830 318
isch. 0 106 519

o14 780 o
oy 0 144 487

BB a8 84

— Yes

o

| D Before day 20

Log-rank: p = 0.06

30 40 50

203
254

419
412

Time since mechanical ventilation onset (days)

70

R

VAP:
— No

5
g
B

— Yes

B ol B
g8 8
b5 £R B

History of VAP. — No — Yes



