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EFFECTS OF COVID-19 ON VENTILATOR ASSOCIATED EVENTS (VAEs) 
DUE TO MULTI-DRUG RESISTANT ORGANISMS (MDROs)

JEFFERY ASIEDU

APPLIED EPIDEMIOLOGY

ABSTRACT

The aim of this study was to assess the association between the coronavirus 

disease (COVID-19) and the odds of ventilator associated events (VAEs). 

Retrospective analysis on prospectively collected data from 11,307 patients 

admitted to the intensive care unit (ICU) at the University of Alabama at 

Birmingham hospital between January 2018 and June 2022 was used. Outcomes 

considered were Any VAE, IVAC/PVAP, PVAP and MDRO PVAP.

Crude and adjusted logistic regression models were used to evaluate the 

association between COVID-19 and the outcome variables. When a patient has 

Prior COVID-19, the odds of getting any VAE during the delta period is 1.59 times 

higher compared to the alpha period (OR=1.587; 95% CI=1.167-2.158; P=0.003). 

The study also found that, The odds of getting an IVAC/PVAP during the delta 

period is 1.90 times higher compared to Pre-COVID (OR=1.898; 95%

CI=1.457-2.474; P <.00001). COVID-19 was associated with an increase in patients 

getting VAEs in hospitalized settings.

Keywords: COVID-19, ventilator associated events, infection related ventilator 

associated complication, multidrug resistant organisms.
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CHAPTER 1

INTRODUCTION

Mechanical ventilation is a life-sustaining intervention especially for patients

with acute respiratory failure but being on a ventilator also increases the risk of an

array of infections that can prolong dependence on a ventilator and sometimes

increase the risk of death [21]. The daily cost of mechanical ventilation for ICU

patients is estimated to be between $600 and $1500 per day [6]. In 2013, the Centers

for Disease Control and Prevention (CDC) developed ventilator-associated event

(VAE) surveillance to provide a more objective and broader measure of the potential

complications of mechanical ventilation [13, 16]. VAEs are defined by ≥ 2 days of

sustained increases in ventilator settings (rise in positive end-expiratory pressure

(PEEP) of ≥ 3 cmH2O and/or rise in the absolute fraction of inspired oxygen

(FiO2) of ≥ 20%) after ≥ 2 days of stable or decreasing ventilator settings [8].

The rates of ventilator-associated events which can be subdivided into ventilator

associated condition (VAC), infection-related ventilator associated complication

(IVAC) and possible ventilator associated pneumonia (PVAP) ranges from 5 to 10%

prior to the coronavirus disease (COVID-19) pandemic although some studies have

documented rates of more than 20% [10]. Incidence rates reported to the CDC for

the first full year of VAE surveillance in 2014 changed from 2.59 to 11.79 per 1000

ventilator-days, with higher rates found in larger teaching hospitals [14]. The rates

of possible pneumonia, based on older versions of the PVAP surveillance definition,

also changed by ICU type ranging from 1.7 to 4.5 events per 1000 ventilator days.

Likewise, the fraction of VACs that qualify as IVACs changed by ICU type and
1



varied from about one-third to one-half, with higher fractions in trauma, burn, and 

surgical ICUs compared with medical ICUs

An increasing number of studies are being published around the world 

describing VAE epidemiology. A study of more than 6000 ventilated patients in 5 

ICUs across medical and surgical specialties at an academic medical center in 

China, for example, reported VAC, IVAC, and PVAP rates of 13.7, 6.3, and 2.2 per 

1000 ventilator days, respectively [23]. However, lower rates were reported in a 

study of 7 urban hospitals in Japan (6.4 VAEs per 1000 ventilator days) and higher 

rates within a multinational cohort in Europe (40.8 VAEs per 1000 ventilator days)

[17, 18]. Interestingly, the European cohort reported that 96% of VAEs qualified as 

IVACs or PVAPs (vs one-third to one-half in most US studies), a finding that may 

represent differences in patient populations and/or local practices in antimicrobial 

prescriptions.

Multidrug resistant organisms (MDROs) put intubated patients at higher risk of 

these respiratory tract infections as bacteria can colonize around the cuff of the 

tube, leading to infections and ventilator associated events (VAE) [12]. MDROs are 

microorganisms, predominantly bacteria, resistant to one or more classes of 

antimicrobial agents, killing 23,000 people and infecting another two million each 

year in the United States [7]. These organisms include methicillin-resistant 

staphylococcus aureus (MRSA), carbapenemase-producing Enterobacterales, and 

Gram-negative bacteria that produce extended spectrum beta-lactamases (ESBLs). 

The acquisition of an MDRO infection can limit treatment options for patients, 

making infection prevention critical to preventing further harm. The growing 

presence of resistant microbes is of particular concern for vulnerable patients, such as 

those who have received organ transplantation, those with cancer, preterm infants, and 

immune-suppressed and other medically vulnerable individuals [4].
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 The coronavirus disease has increased the burden of patients who need 

mechanical ventilation. Between 5 to 20% of patients hospitalized with COVID-19 

require some type of ICU care, and many of these patients require mechanical 

ventilation [22]. The management of patients hospitalized with severe COVID-19 

has changed over the period of the pandemic [21]. Many institutions have evolved to 

favor intubation-sparing modalities, reserving intubation for patients with more 

severe disease. Simultaneously, the use of medications associated with better 

outcomes, including dexamethasone, and remdesivir, has increased. Little is known, 

however, about the impact of these changes on the incidence of ventilator associated 

events (VAEs) in patients with COVID-19 [21]. Recent studies have showed that 

the ventilator-associated events (VAEs) rates per 100 episodes of mechanical 

ventilation and per 1,000 ventilator days were higher among COVID-19 positive 

versus negative patients, but most of these VAEs were due to progressive acute 

respiratory distress syndrome (ARDS), while the rate of infection-related ventilator-

associated complications was similar between both groups [22].

Further, while investigators have documented the impact of COVID-19 on 

hospital-acquired infections with MDRO, no study has examined this impact on 

VAE during major waves of the COVID-19 pandemic (alpha, delta, and omicron). 

In this study, we investigated the association between COVID-19 and the odds of 

ventilator associated events in the largest academic hospital in Alabama.
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CHAPTER 2

METHODS

2.1 Study Design and Setting

A retrospective study design was conducted to evaluate the association between

COVID-19 and the odds of ventilator associated events (VAEs) among Intensive

Care Unit (ICU) patients at the University of Alabama at Birmingham (UAB)

hospital. The UAB hospital is a 1,157-bed tertiary hospital and an academic health

science center located in Birmingham, Alabama. The study population consisted of

patients admitted between January 2018 and June 2022. Patients of all age groups

with at least three ventilator days were included in the study. This study was

approved by the Institutional Review Board of the UAB.

2.2 Definitions

The COVID-19 disease was determined by either positive polymerase chain

reaction or antigen without prior positive test in the past 90 days. This was defined

based on three thresholds for the purposes of analyses. The first was that

COVID-19 was defined as a time category using the patient’s admission date to the

hospital. This reflects the Pre-COVID period and the different variant periods

during the pandemic. These variants were specified based on their prevalent times

during the pandemic. Pre-COVID was the period between January 1, 2018 to

January 1, 2020. The alpha variant was the period between March 1, 2020 to July 1,
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2021. The delta variant was the period between July 1, 2021 to December 1, 2021. 

The omicron variant was the period between December 1, 2021 to June 1, 2022. The 

second threshold was whether a patient had COVID-19 prior to the development of 

a VAE. This was determined based on whether a patient had COVID-19 on 

admission to the hospital. A third threshold that was a combination of the first two 

was eventually adopted to effectively stratify the results by whether the patient had 

COVID-19 prior to the VAE and assess effect modification by  COVID status.

2.3 Variables Analyzed

Patient data was derived from the hospital’s electronic medical record system. 

For each patient, demographic data and infectious complications observed during 

hospitalizations including Multi-drug Resistant (MDR) infections were recorded. 

Variables analyzed included age group, gender, race, admission source and 

admission type. Three outcomes were evaluated in the study. The first outcome was 

if there was any VAE in any of the patients. The second outcome was if there was 

any infection-related ventilator-associated complication or possible

ventilator-associated pneumonia (IVAC/PVAP). These two were combined because 

most of the infection related ventilator-associated complications are caused by 

pneumonia [11] and so it was important to understand the difference in effects 

between this combination and a stand alone PVAP outcome. The last outcome was 

only ventilator associated pneumonia (PVAP).
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2.4 Statistical Analysis

A chi-square test was performed to assess the association between demographic

variables and VAE status. Numerical variables were expressed as means and

standard deviations whereas categorical variables as numbers and percentages.

Crude, and adjusted logistic regression models were used to evaluate the association

between COVID-19 and the odds of ventilator associated events. Logistic regression

was used to calculate the odds ratios (ORs) and 95% confidence intervals for the

association between the outcome variables (Any VAE, IVAC/PVAP, PVAP) and

COVID adjusting for age group, gender, race, admission source and admission type.

A secondary analysis was performed to evaluate the association between an

MDRO caused PVAP and the odds of ventilator associated events. Statistical

analysis was conducted using the Statistical Analysis System (SAS) version 9.4,

with α set to 0.05.
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CHAPTER 3

RESULTS

The study was made up of 11,307 patients whose clinical characteristics by VAE 

status are presented in Table 3.1. A total of 9 participants were excluded due to 

missing and inapplicable data, resulting in a final analytic sample of 11298 patients 

to evaluate the association between COVID-19 and the odds of ventilator associated 

events (VAEs). The average age of the patients was 54 years old (54.99±18.85) with 

a range from 0 to 144 years. The larger overall sample was predominantly White

(55.42%), male (57.58%) who are adults (25-64, 58.55%) and admitted through 

emergency (65.70%) Table 3.1.

The characteristics of the patients by VAE status are presented as follows; 62.4%

of males were considered to have had a VAE. The percentage decreased in females 

with 37.6% who had a VAE. 71.6% of the patients admitted through emergency had 

a VAE whiles 14.5% of those admitted through the trauma center had a VAE. The 

emergency admission type was the highest when compared to the other admission 

types for both patients who had or never had a VAE. 61.4% of non-transfer patients 

never had a VAE compared to 38.5% transfer patients that had a VAE. For those 

that never had a VAE, 56.6% non-transfer patients and 43.3% were transfer patients.

When comparing race by VAE status, Whites had the highest percentage of 

those that had a VAE compared to the other races. 56.1% of whites followed by 

35.3% of Blacks or African Americans. 55.4% of Whites never had a VAE and 

37.9% of blacks also never had a VAE (Table 3.1). 58.2% of patients within the age 
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group 25-64 never had a VAE followed by patients who are 65+ (34.9%). For those

that had a VAE, patients in the 25-64 group was the highest followed by 65+ 

patients (63.8% vs 29.8%). Patients with commercial insurance had the highest 

number of VAEs followed by Medicaid and Medicare patients (48.8% vs 21.3% 

vs 19.7% respectively) as shown in Table 3.1.
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Table 3.1: Clinical Characteristics of Patients by VAE Status
Variables VAE Status∗

Never (N=10503) Ever (N=795) P-Value Total (N=11298)
Admission Type .0020

Elective 764 (7.3%) 52 (6.5%) 816 (7.2%)
Emergency 6,853 (65.3%) 569 (71.6%) 7,422 (65.7%)
Trauma Center 2,055 (19.6%) 115 (14.5%) 2,170 (19.2%)
Urgent 829 (7.9%) 59 (7.4%) 888 (7.9%)

Admission Source .0270
Transfer 4,048 (38.5%) 344 (43.3%) 4,392 (38.9%)
Non-transfer 6,445 (61.4%) 450 (56.6%) 6,895 (61.0%)
Info Not Avail 8 (0.1%) 1 (0.1%) 9 (0.1%)

Race .0020
White 5,815 (55.4%) 446 (56.1%) 6,261 (55.4%)
Black or African American 3,979 (37.9%) 281 (35.3%) 4,260 (37.7%)
Asian 106 (1.0%) 10 (1.3%) 116 (1.0%)
Hispanic/Latino 171 (1.6%) 26 (3.3%) 197 (1.7%)
American Indian/Alaska Native 9 (0.1%) 3 (0.4%) 12 (0.1%)
Other/Unknown 423 (4.0%) 29 (3.6%) 452 (4.0%)

Gender .0040
Female 4,489 (42.8%) 299 (37.6%) 4,788 (42.4%)
Male 6,004 (57.2%) 496 (62.4%) 6,500 (57.6%)

Age Group .0160
0-14 210 (2.0%) 17 (2.1%) 227 (2.0%)
15-24 523 (5.0%) 34 (4.3%) 557 (4.9%)
25-64 6,108 (58.2%) 507 (63.8%) 6,615 (58.6%)
65+ 3,662 (34.9%) 237 (29.8%) 3,899 (34.5%)

Insurance .0007
Commerical 4,705 (44.8%) 388 (48.8%) 5,093 (45.1%)
Medicaid 1,872 (17.8%) 169 (21.3%) 2,041 (18.1%)
Medicare 2,579 (24.6%) 157 (19.7%) 2,736 (24.2%)
Self pay 850 (8.1%) 47 (5.9%) 897 (7.9%)
Other 497 (4.7%) 34 (4.3%) 531 (4.7%)

MDRO PVAP .0000001
No 10,503 (100.0%) 754 (94.8%) 11,257 (99.6%)
Yes 0 (0.0%) 41 (5.2%) 41 (0.4%)
∗ Column percentages were used
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VAE counts were compared throughout the various COVID-19 time periods and 

presented in Table 3.2. Before COVID-19, only 7% of the patients had any VAE. 

The number was highest during the delta period of COVID-19 (14.4%), followed by 

Omicron (11.1%). IVAC/PVAP was only 3.8% before COVID-19 but this increased 

to 6.9% during the delta period and was 5.4% during the alpha period. 1.7% of the 

patients had PVAP before COVID-19 but this increased to 2.9% and then to 3.7%

during the alpha and delta periods respectively. When PVAPs that were caused by 

MDROs was examined the numbers were very low. 0.3% of the patients had MDRO 

PVAP before COVID-19 whiles 0.5% and 0.4% had it during the alpha and delta 

periods.

Table 3.2: Ventilator Associated Events (VAEs) by COVID-19 Time Periods
Variables Pre-COVID (N=4665) Alpha (N=3700) Delta (N=1256) Omicron (N=1283) P-Value Total (N=11298)

ANY VAE .000001
No 4,337 (93.0%) 3,319 (89.7%) 1,075 (85.6%) 1,141 (88.9%) 10,232 (90.6%)
Yes 328 (7.0%) 381 (10.3%) 181 (14.4%) 142 (11.1%) 1,066 (9.4%)

IVAC/PVAP .00002
No 4,489 (96.2%) 3,500 (94.6%) 1,169 (93.1%) 1,221 (95.2%) 10,757 (95.2%)
Yes 176 (3.8%) 200 (5.4%) 87 (6.9%) 62 (4.8%) 541 (4.8%)

PVAP .00004
No 4,586 (98.3%) 3,592 (97.1%) 1,209 (96.3%) 1,253 (97.7%) 11,028 (97.6%)
Yes 79 (1.7%) 108 (2.9%) 47 (3.7%) 30 (2.3%) 270 (2.4%)

MDRO PVAP .5025
No 4,652 (99.7%) 3,682 (99.5%) 1,251 (99.6%) 1,280 (99.8%) 11,257 (99.6%)
Yes 13 (0.3%) 18 (0.5%) 5 (0.4%) 3 (0.2%) 41 (0.4%)
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3.1 Model 1: Association Between COVID-19 and the Odds
of Any VAE

Crude and adjusted logistic regression models were used to evaluate the

association between COVID-19 and the odds of Any VAE presented in Table 3.3. In

the crude model, the odds of getting any VAE during the alpha period is 1.52 times

higher compared to the Pre-COVID period (OR=1.518; 95% CI=1.301-1.771;

P-value <.0001). The delta period had the highest association compared to the

other COVID-19 time periods. The odds of getting any VAE during the delta

period is 2.23 times higher compared to Pre-COVID (OR=2.226; 95% CI =

1.835-2.701; P-value <.0001). This association also decreased after adjusting for age

group, race, gender, admission type and admission source (OR=1.568; 95% CI =

1.273-1.932; P-value <.0001). During the omicron period, the odds of getting any

VAE is 1.65 times higher compared to Pre-COVID (OR=1.646; 95% CI =

1.337-2.025; P-value <.0001). There was a decrease in the association when

adjusted for age group, race, gender, admission type and admission source

(OR=1.255; 95% CI = 1.011-1.558; P-value=0.0394).

Table 3.3: The Association between COVID-19 and the Odds of Any VAE
Variables Any VAE

Crude OR (95%CI) P-Value Adjusted OR (95%CI) P-Value
Time Category
Pre-COVID Referent Referent
Alpha 1.518 (1.301-1.771) <.0001 1.128 (0.954-1.333) 0.159
Delta 2.226 (1.835-2.701) <.0001 1.568 (1.273-1.932) <.0001
Omicron 1.646 (1.337-2.025) <.0001 1.255 (1.011-1.558) 0.039

The association between COVID-19 and the odds of Any VAE was also

11



examined based on whether a patient had COVID-19 prior to admission at the

hospital. A Prior COVID analysis could only be made during the COVID-19 period

and will not cover the Pre-COVID period. This association is represented in

Table 3.4 and Table A.1. If a patient had Prior COVID, the odds of getting Any

VAE during the delta period is 1.59 times higher compared to the alpha period.

There was no significant association when a patient did not have Prior COVID.

Table 3.4: The Association between COVID-19 and the Odds of Any VAE
Variables Any VAE

(Prior COVID)

Crude OR (95%CI) P-Value Adjusted OR (95%CI) P-Value
Time Category
Alpha Referent Referent
Delta 1.587 (1.167-2.158) 0.003 1.540 (1.126-2.107) 0.007
Omicron 1.034 (0.710-1.505) 0.862 1.026 (0.701-1.500) 0.897

12



3.2 Model 2: Association Between COVID-19 and the Odds
of IVAC/PVAP

Research suggests that most IVACs are due to pneumonia [11] and so it is

important to examine the association between COVID-19 and the odds of

IVAC/PVAP to understand the difference in effects between this combination and a

stand alone PVAP outcome. The results of this association are shown in Table 3.5

Table 3.5: The Association between COVID-19 and the Odds of IVAC/PVAP
Variables IVAC/PVAP

Crude OR (95%CI) P-Value Adjusted OR (95%CI) P-Value
Time Category
Pre-COVID Referent Referent
Alpha 1.457 (1.185-1.793) 0.0004 1.092 (0.872-1.368) 0.444
Delta 1.898 (1.457-2.474) <.0001 1.337 (1.005-1.780) 0.046
Omicron 1.295 (0.963-1.742) 0.087 0.982 (0.721-1.335) 0.906

The odds of getting an IVAC/PVAP during the alpha period is 1.46 times 

higher compared to the Pre-COVID period (OR=1.457; 95% CI=1.185-1.793;

P-value=0.0004). During the delta period, the odds of getting an IVAC/PVAP is 

1.90 times higher compared to Pre-COVID (OR=1.898; 95% CI=1.457-2.474;

P-value<.0001). The association decreased after adjusting for age group, race, 

gender, admission type and admission source (OR=1.337; 95% CI=1.005-1.780;

P-value=0.046). The delta period had the highest association compared to the other 

COVID-19 periods (Table 3.5). The odds of getting an IVAC/PVAP when a patient 

had Prior COVID-19 or no Prior COVID-19 at the time of admission was not 

significant for both groups and this result is shown in Table A.2 and Table A.3

13



3.3 Model 3: Association Between COVID-19 and the Odds 
of PVAP

An analysis of the association between COVID-19 and PVAP is presented in

Table 3.6. The odds of getting a PVAP during the alpha period is 1.75 times higher

compared to Pre-COVID (OR=1.745; 95% CI=1.302-2.341; P-value=0.0002).

During the delta period, the odds of getting a PVAP is 2.26 times higher compared

to Pre-COVID (OR=2.257; 95% CI=1.564-3.256; P-value<.0001). The association

decreased after adjusting for age group, race, gender, admission type and admission

source (OR=1.683; 95% CI=1.137-2.491; P-value=0.009) Table 3.6. There was no

significant association between COVID-19 and the odds of PVAP when a patient

had prior COVID or not (Table A.4) and (Table A.5).

Table 3.6: The Association between COVID-19 and the Odds of PVAP

Variables PVAP

Crude OR (95%CI) P-Value Adjusted OR (95%CI) P-Value
Time Category
Pre-COVID Referent Referent
Alpha 1.745 (1.302-2.341) 0.0002 1.363 (0.995-1.868) 0.054
Delta 2.257 (1.564-3.256) <.0001 1.683 (1.137-2.491) 0.009
Omicron 1.390 (0.909-2.126) 0.129 1.097 (0.707-1.701) 0.679

3.4 Secondary Analysis of the Association Between
COVID-19 and the Odds of MDRO PVAP

The incidence of PVAP due to MDR organisms has increased significantly in the

last decade [9]. The association between COVID-19 and MDRO PVAP was also
14



assessed and presented in table Table 3.7 below. There was no significant

association between COVID-19 and the odds of MDRO PVAP. We believe that the

association the sample size of patients with MDRO PVAP was not large enough to

detect any significant associations.

Table 3.7: The Association between COVID-19 and the Odds of MDRO PVAP
Variables MDRO PVAP

Crude OR (95%CI) P-Value Adjusted OR (95%CI) P-Value
Time Category
Pre-COVID Referent Referent
Alpha 1.749 (0.856-3.575) 0.125 1.308 (0.597-2.869) 0.502
Delta 1.430 (0.509-4.019) 0.497 0.967 (0.318-2.940) 0.952
Omicron 0.839 (0.239-2.948) 0.784 0.630 (0.173-2.298) 0.485
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CHAPTER 4

DISCUSSION AND CONCLUSION

This study examined how COVID-19 is associated with different ventilator

associated events in an inpatient setting. In terms of getting any VAE, the delta

period had the highest association in patients getting any VAE, followed by the

omicron period (OR=2.23 vs 1.65). When a patient has Prior COVID, the odds of

getting any VAE during the delta period is 1.59 times higher compared to the alpha

period (OR=1.587; 95% CI=1.167-2.158; P=0.003). The odds of getting an

IVAC/PVAP during the delta period is 1.90 times higher compared to Pre-COVID

(OR=1.898; 95% CI=1.457-2.474; P <.00001). Also, the odds of getting a PVAP

during the delta period is 2.26 times higher compared to Pre-COVID (OR=2.257;

95% CI=1.564-3.256; P <.00001).

Weinberger et al found that VAEs were more frequent in COVID-19 positive

patients, and the rate of VAEs per 100 episodes of mechanical ventilation was higher

in 2020 (during COVID-19) than in prior years [22]. Also, Blonz et al showed that

there was an unusually high incidence of VAP in patients admitted to the ICU for

severe COVID-19 [2]. Conversely, Rhee et al [19] found that VAE rates per episode

decreased, rates per ventilator day were stable, and most cases were caused by acute

respiratory distress syndrome (ARDS). According to the CDC, the delta variant is

more than twice as infectious as the original virus. Its high infectiousness could be

due to its ability to replicate rapidly in the body. A study from China reported that

people infected with the delta variant can carry 1,000 times the viral load as those

infected with the original virus [1]. Because of the different structure of the spike
16



protein, the delta variant infects lung cells more easily, making it the most

contagious version of the coronavirus in the world, and leading to more people

becoming sicker [1].

The overall findings illustrate that COVID-19 is associated with an increase in

patients getting VAEs in hospitalized settings, based on the fact that the delta

variant had an increased association with IVAC/PVAP and PVAP. Research is

needed to explore the relationship between antimicrobial prescription and the effects

of COVID-19 vaccinations on patients with ventilator associated events.

17



CHAPTER 5

STRENGTHS AND LIMITATIONS

The strengths of this study include the use of VAE criteria as an objective and

consistent means of measuring complication in patients. Data from electronic

medical record used and collected prospectively by Physicians and Care Providers at

the UAB hospital. The UAB hospital is the largest hospital in the State of Alabama

and was consistently associated with high numbers of COVID-19 patients.

Limitations include the use of a single center data source and the center’s focus

on COVID-19 care during the pandemic period, which may have introduced a

selection bias that limits generalizability. The study did not also consider ventilator

days, which may lead to underestimation of the odds ratios leading to bias.

18



REFERENCES

[1] Yasmeen Abutaleb, Carolyn Y Johnson, and Joel Achenbach. The war has
changed’: Internal cdc document urges new messaging, warns delta infections
likely more severe. Washington Post, 2021.

[2] Gauthier Blonz, Achille Kouatchet, Nicolas Chudeau, Emmanuel Pontis, Julien
Lorber, Anthony Lemeur, Lucie Planche, Jean-Baptiste Lascarrou, and Gwen-
hael Colin. Epidemiology and microbiology of ventilator-associated pneumonia
in covid-19 patients: a multicenter retrospective study in 188 patients in an un-
inundated french region. Critical Care, 25(1):1–12, 2021.

[3] Anthony F Boyer, Noah Schoenberg, Hilary Babcock, Kathleen M McMullen,
Scott T Micek, and Marin H Kollef. A prospective evaluation of ventilator-
associated conditions and infection-related ventilator-associated conditions.
Chest, 147(1):68–81, 2015.

[4] Margaret Chan. Ten years in public health 2007-2017: Report by Dr. Margaret
Chan: Director-General of the World Health Organization. World Health Orga-
nization, 2018.

[5] Jennifer Cole and Emily Barnard. The impact of the covid-19 pandemic on
healthcare acquired infections with multidrug resistant organisms. American
Journal of Infection Control, 49(5):653–654, 2021.

[6] Joseph F Dasta, Trent P McLaughlin, Samir H Mody, and Catherine Tak Piech.
Daily cost of an intensive care unit day: the contribution of mechanical ventila-
tion. Critical care medicine, 33(6):1266–1271, 2005.

[7] Centers for Disease Control and Prevention. Antibiotic: antimicrobial resistance.
Accessed on June 06, 2022., 2011. URL http://www.cdc.gov/drugresistan
ce/index.html.

[8] Centers for Disease Control and Prevention. Ventilator associated events. ac-
cessed on January 16, 2022., page 3, 2022. URL https://www.cdc.gov/nhsn
/PDFs/pscManual/10-VAE_FINAL.pdf.

[9] Philip E Grgurich, Jana Hudcova, Yuxiu Lei, Akmal Sarwar, and Donald E
Craven. Management and prevention of ventilator-associated pneumonia caused
by multidrug-resistant pathogens. Expert review of respiratory medicine, 6(5):
533–555, 2012.

19

http://www. cdc. gov/drugresistance/index. html
http://www. cdc. gov/drugresistance/index. html
https://www.cdc.gov/nhsn/PDFs/pscManual/10-VAE_FINAL.pdf
https://www.cdc.gov/nhsn/PDFs/pscManual/10-VAE_FINAL.pdf


[10] Andre C Kalil, Mark L Metersky, Michael Klompas, John Muscedere, Daniel A
Sweeney, Lucy B Palmer, Lena M Napolitano, Naomi P O’Grady, John G
Bartlett, Jordi Carratalà, et al. Management of adults with hospital-acquired
and ventilator-associated pneumonia: 2016 clinical practice guidelines by the in-
fectious diseases society of america and the american thoracic society. Clinical
Infectious Diseases, 63(5):e61–e111, 2016.

[11] Michael Klompas, Yosef Khan, Kenneth Kleinman, R Scott Evans, James F
Lloyd, Kurt Stevenson, Matthew Samore, Richard Platt, and CDC Preven-
tion Epicenters Program. Multicenter evaluation of a novel surveillance paradigm
for complications of mechanical ventilation. PLoS One, 6(3):e18062, 2011.

[12] Michael Klompas, Richard Branson, Eric C Eichenwald, Linda R Greene,
Michael D Howell, Grace Lee, Shelley S Magill, Lisa L Maragakis, Gregory P
Priebe, Kathleen Speck, et al. Strategies to prevent ventilator-associated pneu-
monia in acute care hospitals: 2014 update. Infection Control & Hospital Epi-
demiology, 35(S2):S133–S154, 2014.

[13] Shelley S Magill, Michael Klompas, Robert Balk, Suzanne M Burns, Clifford S
Deutschman, Daniel Diekema, Scott Fridkin, Linda Greene, Alice Guh, David
Gutterman, et al. Developing a new, national approach to surveillance for
ventilator-associated events. American Journal of Critical Care, 22(6):469–473,
2013.

[14] Shelley S Magill, Qunna Li, Cindy Gross, Margaret Dudeck, Katherine Allen-
Bridson, and Jonathan R Edwards. Incidence and characteristics of ventilator-
associated events reported to the national healthcare safety network in 2014.
Critical care medicine, 44(12):2154, 2016.

[15] Ashley D Meagher, Margaret Lind, Lara Senekjian, Chinenye Iwuchukwu,
John B Lynch, Joseph Cuschieri, and Bryce RH Robinson. Ventilator-associated
events, not ventilator-associated pneumonia, is associated with higher mortality
in trauma patients. Journal of Trauma and Acute Care Surgery, 87(2):307–314,
2019.

[16] John Muscedere, Tasnim Sinuff, Daren K Heyland, Peter M Dodek, Sean P
Keenan, Gordon Wood, Xuran Jiang, Andrew G Day, Denny Laporta, Michael
Klompas, et al. The clinical impact and preventability of ventilator-associated
conditions in critically ill patients who are mechanically ventilated. Chest, 144
(5):1453–1460, 2013.

20



[17] Susumu Nakahashi, Hiroshi Imai, Hideaki Imanaka, Shinichiro Ohshimo, Tomoko
Satou, Masanori Shima, Masami Yanagisawa, Chizuru Yamashita, Toru Ogura,
Tomomi Yamada, et al. Ventilator-associated events: prevalence and mortality
in japan. Journal of Thoracic Disease, 10(12):6942, 2018.

[18] Yolanda Peña-López, Sergio Ramírez-Estrada, Marta Serrano-Megías, Leonel La-
gunes, Jordi Rello, EUVAE Study Group, et al. Short-acting sedative-analgesic
drugs protect against development of ventilator-associated events in children:
secondary analysis of the euvae study. Respiratory Care, 66(5):798–805, 2021.

[19] Chanu Rhee, Jeremy F Weinberger, Michael Klompas, CDC Prevention Epicen-
ters Program, et al. Changes in the epidemiology of ventilator-associated events
over the course of the coronavirus disease 2019 (covid-19) pandemic. Infection
Control & Hospital Epidemiology, pages 1–3, 2021.

[20] Jennifer P Stevens, George Silva, Jean Gillis, Victor Novack, Daniel Talmor,
Michael Klompas, and Michael D Howell. Automated surveillance for ventilator-
associated events. Chest, 146(6):1612–1618, 2014.

[21] Jeremy Weinberger, Noelle Cocoros, and Michael Klompas. Ventilator-associated
events: epidemiology, risk factors, and prevention. Infectious Disease Clinics, 35
(4):871–899, 2021.

[22] Jeremy Weinberger, Chanu Rhee, and Michael Klompas. Incidence, characteris-
tics, and outcomes of ventilator-associated events during the covid-19 pandemic.
Annals of the American Thoracic Society, 19(1):82–89, 2022.

[23] Shichao Zhu, Wen Wang, Yan Kang, Qiao He, Hui Zhang, Yuhua Deng, Lin Cai,
Rui Zhang, Xin Sun, and Zhiyong Zong. Clinical outcomes and risk factors for
mortality from ventilator-associated events: a registry-based cohort study among
30,830 intensive care unit patients. Infection Control & Hospital Epidemiology,
43(1):48–55, 2022.

21



APPENDIX A

RESULTS FROM PRIMARY ANALYSIS
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A.1 Results from Primary Analysis

Table A.1: The Association between COVID-19 and the Odds of Any VAE
Variables Any VAE

(No Prior COVID)

Crude OR (95%CI) P-Value Adjusted OR (95%CI) P-Value
Time Category
Alpha Referent Referent
Delta 1.260 (0.977-1.626) 0.075 1.253 (0.970-1.619) 0.084
Omicron 1.646 (0.903-1.489) 0.247 1.138 (0.885-1.464) 0.315

Table A.2: The Association between COVID-19 and the Odds of IVAC/PVAP
Variables IVAC/PVAP

(Prior COVID)

Crude OR (95%CI) P-Value Adjusted OR (95%CI) P-Value
Time Category
Alpha Referent Referent
Delta 1.330 (0.900-1.968) 0.153 1.243 (0.835-1.852) 0.285
Omicron 0.617 (0.353-1.079) 0.090 0.581 (0.330-1.022) 0.059

Table A.3: The Association between COVID-19 and the Odds of IVAC/PVAP
Variables IVAC/PVAP

(No Prior COVID)

Crude OR (95%CI) P-Value Adjusted OR (95%CI) P-Value
Time Category
Alpha Referent Referent
Delta 1.090 (0.759-1.565) 0.643 1.100 (0.765-1.581) 0.609
Omicron 1.060 (0.746-1.504) 0.746 1.036 (0.728-1.473) 0.845
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Table A.4: The Association between COVID-19 and the Odds of PVAP
Variables PVAP

(Prior COVID)

Crude OR (95%CI) P-Value Adjusted OR (95%CI) P-Value
Time Category
Alpha Referent Referent
Delta 1.460 (0.860-2.466) 0.162 1.415 (0.828-2.421) 0.205
Omicron 0.657 (0.302-1.428) 0.289 0.616 (0.282-1.346) 0.224

Table A.5: The Association between COVID-19 and the Odds of PVAP
Variables PVAP

(No Prior COVID)

Crude OR (95%CI) P-Value Adjusted OR (95%CI) P-Value
Time Category
Alpha Referent Referent
Delta 1.003 (0.621-1.620) 0.991 1.012 (0.626-1.637) 0.961
Omicron 0.849 (0.522-1.382) 0.511 0.848 (0.517-1.376) 0.496
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