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Abstract: The diagnosis of ventilator-associated pneumonia (VAP) recurrence in patients with coron-
avirus disease 2019 (COVID-19) pneumonia is challenging, and the incidence of recurrence is high.
This study aimed to investigate the incidence and recurrence of VAP. Furthermore, we investigated
the causative microorganisms of VAP and recurrent VAPs in patients with COVID-19. This retrospec-
tive, single-centre case series study was conducted during the COVID-19 pandemic from October
2020 to June 2021 at VieCuri MC Venlo. VAP and recurrent VAP were defined based on three criteria
(clinical, radiological, and microbiological). During the study period, 128 mechanically ventilated
patients with COVID-19 were included. The incidence ranged from 9.2 to 14 VAP /1000 ventilator
days, which was higher than that in the non-COVID-19 controls. The most commonly cultured
microorganisms in VAP were Pseudomonas (9/28; 32%), Klebsiella (8/28; 29%), Escherichia coli (5/28;
18%), and Staphylococcus aureus (5/28; 18%). VAP recurred often (5/19, 26%). The overall VAP rate
confirmed previous findings of an increased incidence of VAP in critically ill patients with severe
COVID-19 requiring mechanical ventilation. VAP recurrences occur often and are mainly relapses.
A duration of antibiotic therapy longer than 7 days and therapeutic drug monitoring should be
considered for VAP caused by Gram-negative microorganisms.

Keywords: COVID-19; mechanical ventilation; ventilator-associated pneumonia; recurrence; incidence;
causative microorganism

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic caused 769.369.823 confirmed
cases worldwide, including 6.954.336 deaths by 10 August 2023 (WHO Corona Dash-
board, www.who.it, accessed on 10 August 2023). Severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) is the causative agent of COVID-19. A large percentage
(17-32%) of hospitalised patients for SARS-CoV-2 infection require admission to the in-
tensive care unit (ICU), and 80% of these patients require invasive mechanical ventilation
for a long period of time. These patients are at an increased risk of developing bacterial
superinfections, including ventilator-associated pneumonia (VAP), which may contribute
to an unfavourable prognosis [1,2]. VAP is associated with increased mortality, increased
duration of mechanical ventilation, and ICU stay. VAP incidence in non-COVID-19 ICU
patients receiving mechanical ventilation for more than two days ranges from 5% to 40%,
while VAP incidence in patients with COVID-19 is higher, ranging from 50% to 80% [3,4].
In a multicentre cohort study, the incidence rate of VAP in patients with COVID-19 was
18 VAPs per 1000 ventilator days, which is in the higher range compared to the incidence
rate of 1-19 VAPs per 1000 ventilator days in non-COVID-19 patients [5]. Potential ex-
planations for the high incidence of VAP in patients with COVID-19 include the long
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duration of invasive mechanical ventilation, high incidence of acute respiratory distress
syndrome (ARDS), and immunosuppressive treatment. Specific risk factors for VAP, such as
bacterial-viral interactions in the lung microbiota, may also play a role in the pathogenesis
of VAP [1,2,5-7].

VAP can be challenging to diagnose, especially in patients with COVID-19, as radio-
graphic infiltrates, systemic inflammation, and impaired oxygenation are already present
and may mimic the clinical picture that typifies VAP [1,8]. Recurrence rates of VAP are high
in mechanically ventilated patients with COVID-19 and affect 40% of patients after the first
episode of VAP [3]. This may have resulted in additional days of antibiotic treatment or
mechanical ventilation. The risk factors for VAP recurrence include fever and mechanical
ventilation on day 8 and ARDS, which increase the duration of invasive mechanical ventila-
tion and consequently increase the risk of developing recurrent pulmonary infection [9].
Frequently, the growth of Gram-negative bacteria has been shown in multiple studies, with
a high rate of Pseudomonas aeruginosa infection, while the outcome of patients with more
than two episodes of VAP due to Pseudomonas infection is extremely poor [1,5,7].

The primary objective of this study was to assess the incidence and recurrence rates
of VAP in mechanically ventilated patients with COVID-19 pneumonia. The secondary
objective was to assess the results of cultures obtained from respiratory specimens during
the first episode and VAP recurrence.

2. Materials and Methods
2.1. Study Design

This single-centre, observational, retrospective study was conducted between October
2020 and June 2021 at VieCuri MC Venlo, Netherlands. VieCuri MC is a large, non-university
teaching hospital. Data were collected from patients” medical records in a digital patient
database and management system (HIX™, Chipsoft, The Netherlands). This study was
approved by the Medical Ethics Committee which waived the need for informed consent
because of its retrospective nature (2022_074).

During the COVID-19 pandemic, the availability of ICU beds increased to 32. The rela-
tive number of confirmed COVID-19 cases in this region was the highest in the Netherlands.
This study included all consecutive patients with COVID-19 aged >18 years, confirmed
with a positive RT-PCR test on SARS-CoV-2 in respiratory specimens, who were admitted
to the ICU and invasively ventilated. Lung protective ventilation (tidal volume 6 mL/kg,
plateau pressure < 30 cm HyO, driving pressure < 15 cm H,O, and prone positioning when
necessary) was applied to all invasively ventilated patients. Pressure control ventilation
was the initial setting, which was, according to our weaning protocol, switched to pressure
support if the patient was improving. When patients fulfilled the criteria of our weaning
protocol (consisting of PEEP < 8 cm H,O, PS < 8 cm HO, FiO; < 40%, hemodynamically
stable, GCS > 8, and able to cough), a spontaneous breathing trial of 30 min was performed
and when successful, the patient was extubated. HFNC or nasal oxygen was instituted after
extubation. If a patient had multiple admissions, only the first was included in the analysis.
No additional exclusion criteria were applied. We used data from the local registries of the
VAP. These data were collected at our institution for epidemiological and other reasons.
Our ICU also conducts complication registration, including registration for the diagnosis of
VAP. During daily visits and multidisciplinary consultations, each invasively ventilated
patient was examined to fulfil the criteria for diagnosing VAP. Measures for preventing VAP
used in our ICU include daily interruption/decreasing of sedation, daily assessment of
readiness to extubate, change of ventilator circuit only if visibly soiled, elevation of the head
of the bed to 30-45 degrees (prone positioning was also applied), regular oral care with
chlorhexidine, stress ulcer prophylaxis, and monitoring of residual gastric volumes. Our
ICU team did not perform selective decontamination of the digestive tract (SDD). During
the COVID-19 pandemic, personal protective equipment (full-length fluid impermeable
gowns, FFP2 masks, gloves, and glasses) was used, and one-to-one nursing-to-patient
ratios were maintained.
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Bacterial cultures were obtained with endotracheal aspiration. A catheter was inserted
via the endotracheal tube into the trachea, and when inserted to the appropriate depth,
intermitted suction was applied while withdrawing the catheter. The specimen was col-
lected in a sterile container. In our hospital, semiquantitative cultures are performed. The
clinical microbiological laboratory in our hospital is under the surveillance of a quality
management system, accredited by ISO 15189, using standard operating procedures and
according to the national “Workgroup Infection Prevention” guidelines. Standard culture
plates, which are periodically checked, are used and determination of microorganisms is
performed via MaldiTof.

According to national and international recommendations, empiric antibiotic therapy
was started in case of VAP suspicion. Antibiotic stewardship was performed with daily
visits by a pharmacist and a clinical microbiologist. Antibiotic treatment and dosage were
adjusted according to patient-related factors and culture results. In our hospital, VAP is
treated for seven days.

2.2. Data Definition

The ventilator days of both VAP and non-VAP patients with COVID-19 were collected
to calculate the incidence rate of VAP. VAP was defined as new or worsening chest X-ray
infiltrates occurring more than 48 h after the initiation of invasive mechanical ventilation
and a positive respiratory secretion culture with a pathogenic microorganism plus both
of the following: (1) new onset of fever (body temperature > 38 °C) and/or leucocytosis
(<35 x 10°/L or >11 x 10°/L), and (2) new onset or change in respiratory secretions
and/or worsening of oxygenation. The primary endpoint of the study was the incidence of
VAP expressed per 1000 ventilator days.

VAP recurrence was defined as new-onset VAP following the regression of clinical
signs and inflammatory biomarkers after complete antibiotic treatment. VAP recurrence
was diagnosed on the basis of the same clinical, radiological, and microbiological criteria
as the first episode of VAP. A distinction between recurrence and relapse was made based
on microbiological signals. VAP recurrence was defined as the bacterial growth of microor-
ganisms different from the first episode of VAP. Relapse was defined as the recurrence of at
least one of the initial causative microorganisms [7].

2.3. Data Collection

Data collected included demographic characteristics, duration of ICU admission, date
of intubation, duration of mechanical ventilation received during ICU admission, and
endotracheal aspiration specimens. Medication data included dosages and durations of
dexamethasone, tocilizumab, and antibiotics. These results were compared with those of a
non-COVID population that was mechanically ventilated in our ICU from 1 January 2019
to 31 December 2019.

2.4. Statistical Analysis

All continuous data are reported as medians with interquartile ranges (IQR) and cate-
gorical data as numbers and percentages. Baseline patient characteristics were compared
between the VAP and non-VAP groups using the Chi-square or Fisher’s exact test for cate-
gorical variables and the Mann-Whitney U test for non-parametric continuous variables.
Data analyses were performed using IBM SPSS Statistics version 26 (IBM Corp., Armonk,
NY, USA). A two-tailed p-value of <0.05 was considered significant in all analyses.

3. Results
3.1. Patients

During the study period, 190 patients with COVID-19 were admitted to our ICU, of
whom 62 were excluded due to the absence of invasive mechanical ventilation. In total,
128 eligible patients were included in the present study, with a median age of 65 years and
30% females (38/128) (Table 1).
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Table 1. Characteristics and demographics of included patients with and without ventilator-assisted
pneumonia (VAP).

Total No VAP VAP

Patient Characteristics & Demographics (n = 127) (1 = 108) (1 = 19) p-Value !
Age? 68 (45) 66 (45) 72 (36) 0.04
Female, n (%) 37 (29) 34 (32) 3 (16) 0.27
ICU length of stay 2 14 (80) 11 (62) 41 (80) <0.001
Duration of mechanical ventilation 2 10 (79) 9 (52) 32 (74) <0.001
In-hospital mortality, n (%) 39 (31) 29 (27) 10 (53) 0.03
Co-morbidities

Overweight (BMI > 25), n (%) 111 (87) 96 (89) 15 (79) 0.26
Diabetes Mellitus, n (%) 37 (29) 32 (30) 5 (26) 0.79
COPD, n (%) 27 (21) 25 (23) 2(11) 0.36
Chronic kidney disease, n (%) 10 (8) 10 (9) 0 0.36
Treatment

Antibiotics < 24 h after admission, n (%) 82 (64) 70 (65) 12 (63) 0.88
Dexamethasone (6 mg; 10 days), n (%) 127 (99) 107 (99) 19 (100) 1.00
Tocilizumab (8 mg/kg), n (%) 29 (23) 27 (25) 2 (11) 0.24

! Mann-Whitney U test for continuous variables and Fisher’s exact test for categorical variables. 2 Presented
as median (interquartile range). ICU, intensive care unit; BMI, body mass index; COPD, chronic obstructive
pulmonary disease.

Dexamethasone (1 dd 6 mg for 10 days) was administered to all patients, and cef-
triaxone or other broad-spectrum antibiotics were administered on the first day of ICU
admission to 82 patients (82/128; 84%). Tocilizumab (8 mg/kg) was administered to 25%
of patients (32/128; 25%). Treatment protocols for COVID-19 were evolving during the
pandemic, and tocilizumab was added to the protocol during the study period, explaining
the low number of patients receiving tocilizumab.

3.2. Invasive Mechanical Ventilation

All patients were invasively ventilated for more than 48 h with a total of 2.072 ven-
tilator days (mean duration of mechanical ventilation: 16 d; range 1-61 d of mechanical
ventilation). Eighteen definite VAPs and ten probable VAPs occurred during the study
period, with an incidence of 9.2-14/1000 ventilator days. This incidence is considerably
increased compared with the historical data of non-COVID-19 ICU patients, where a total of
nine VAPs were diagnosed in 1.680 ventilation days (5.4/1000 ventilator days). Duration of
mechanical ventilation, length of ICU stay, and mortality were negatively affected by VAP.

3.3. VAP Recurrence

VAP recurrence occurred in five patients (5/19; 26% (95% CI = 9-51%), with an

incidence of 40/1000 ventilator days and a range—2-5 recurrences per patient (Figure 1 and
Table 2).

Table 2. Ventilator-associated pneumonia (VAP) episodes and recurrence/relapse in patients with
COVID-19 with culture results.

Patient =~ VAP Episode Definite/Probable VAP ~ Recurrence/Relapse = Endotracheal Aspirate Ve];l tilator Days
efore VAP

1 1st Definite - E. coli; Klebsiella 9

2 Ist Definite - Serratia 5

3 Ist Definite - Klebsiella; E. faecium 26

4 1st Definite - Pseudomonas 16

5 Ist Definite - Pseudomonas 44

6 Ist Definite - Pseudomonas 8
2nd * Definite Relapse * Pseudomonas 12

3rd Probable Relapse Pseudomonas 19
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Table 2. Cont.
. . . . . Ventilator Days
Patient VAP Episode Definite/Probable VAP Recurrence/Relapse  Endotracheal Aspirate
before VAP

7 1st Definite - S. aureus 6
2nd Definite Recurrence Klebsiella 13

3rd Definite Relapse Klebsiella 20

4th Definite Relapse Klebsiella 28

5th * Definite Relapse * Klebsiella 30

3 Ist Definite . S. aureus; Bm;zllus cereus; 9

C. albicans
9 Ist Definite - S. aureus 6
10 1st Definite - E. coli 22
11 Ist Definite - Serratia 9
12 lst Probable ) Pseudomonas; Klebsiella; 10
S. aureus
.. Pseudomonas (2 species);

2nd Definite Relapse Klebsiella 17

13 1st Definite - E. faecalis; S. aureus 6
14 1st Probable - S. pneumonia 9
15 1st Probable - E. faecalis; C. albicans 9
16 1st Probable - E. coli 9
2nd Probable Recurrence E. cloaca 24

17 1st Probable - E. cloaca 8
18 1st Probable - Pseudomonas 19
19 Ist Probable - E. coli; C. albicans 16
2nd Probable Relapse E. coli; C. albicans 23

Mean ventilator days before 1st VAP 13

VAP occurred in patients with COVID-19, with the first episode occurring at an average of 13 days after the
initiation of invasive ventilation. Causative microorganisms found in the endotracheal aspirate are shown. There
were VAP recurrences in five patients, of which two relapses were dubious because they were diagnosed during
antibiotic treatment for VAP. In patient 12, two different species of Pseudomonas species were found. * Analysed
as relapse; however, cultures were obtained within 7 days of antibiotic treatment for the previous episode of VAP.

COVID-19
L]

128 patients

Invasive Mechanical Ventilation

No VAP
109 patients

VAP
19 patients

Recurrence VAP
5 patients

Figure 1. Patient selection flowchart: Number of invasively ventilated patients with COVID-19 with

no ventilator-associated pneumonia (VAP) or with VAP and recurrence of VAP.

There were two recurrences and seven relapses. Of these seven relapses, two were
seen as part of the first episode of VAP because the duration of treatment was less than
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seven days when cultures were repeated (Table 2). No data were available on the recurrence
of VAP during the pre-COVID-19 period.

The first episode of VAP was diagnosed by the attending physician 13 days after initi-
ating invasive mechanical ventilation (Table 2). Recurrence/relapse of VAP was diagnosed
four times on day 7 after the first episode of VAP and once after 15 days (Table 2).

3.4. Pathogens in VAP

The results of the cultures with different pathogens in VAP are shown in Table 2.
The most commonly cultured microorganisms in VAP were Pseudomonas (9/28; 32%
(95% CI = 16-52%)), Klebsiella (8/28; 29% (95% CI = 13-49%)), Escherichia coli (5/28; 18%
(95% CI = 6-37%)), and Staphylococcus aureus (5/28; 18% (95% CI = 6-37%)).

In all VAP recurrences or relapses, the same Gram-negative causative microorganisms
(Pseudomonas, Klebsiella and E. coli) were found (Table 2). VAP treatment with antibiotics
was adjusted according to the resistance patterns of the microorganisms. The duration of
antimicrobial treatment for VAP or recurrence/relapse of VAP was maximal 7 days.

4. Discussion

This case series was designed to investigate the incidence and causative microorgan-
isms of recurrent VAP in patients with COVID-19. We found an increased incidence of
VAP in critically ill patients with COVID-19 (9.2-14/1000 ventilator days) compared to
that in non-COVID-19 patients from a similar cohort (5.4/1000 ventilator days). We also
demonstrated that VAP recurrence was high in patients with COVID-19 (40/1000 ventilator
days), occurring in 26% (in 5 of 19 patients with VAP; (95% CI = 9-51%)) after the first
episode of VAP, and was mostly due to a relapse (caused by the same microorganism as
the first episode of VAP). Although this was a case series study, our results suggest that
VAP has a negative effect on the duration of mechanical ventilation, length of ICU stay, and
mortality, as previously described [1,2,5-7].

These results confirm those of previous studies showing a higher incidence rate of
VAP in patients with COVID-19 [1,2,5-7]. This could be explained by the pathogenesis
of the viral infection. SARS-CoV-2 binds to the acetylcholine-2 receptor which is present
in pulmonary tissue and leads to the internalisation of the virus into alveolar cells. Virus
replication in alveolar cells mediates damage and induces an inflammatory response by
releasing cytokines and interferons. This damage leads to ARDS, a risk factor for VAP
development. The additional immunosuppressive effect of the deep lymphopenia caused
by the virus, presumably caused by the release of interferons, and treatment with im-
munosuppressive agents (dexamethasone and tocilizumab (an IL-6 receptor monoclonal
antibody)) [10-12] lead to the predisposition of bacterial superinfection. However, VAP
incidence did not increase after instituting dexamethasone as a treatment for COVID-19
infection and was not associated with an increased duration of mechanical ventilation [11].
In another study, in patients with COVID-19 treated with dexamethasone, VAP also oc-
curred earlier (on day 7 instead of day 13) [13]. In this study, all patients were treated with
dexamethasone, and VAP occurred on day 13. To our knowledge, whether the addition of
tocilizumab to the treatment regimen resulted in an increase in VAP incidence in patients
with COVID-19 has not been investigated. Also, the effect of SDD on the incidence of VAP
in patients with COVID-19 is still unknown. The incidence of VAP in hospitals that have
implemented SDD has not yet been assessed.

In our study, VAP incidence was high compared to that in non-COVID-19 patients.
Recurrence or relapse of VAP occurred in five patients (5/19 patients with VAP; 26%;
(95% CI = 9-51%). However, in two patients, a relapse of VAP was diagnosed within 7 days
after the diagnosis of the previous VAP. Whether this was a relapse or a new episode of
VAP remains unclear. Endotracheal aspiration is performed when patients do not recover
clinically or persistently produce purulent sputum. Antibiotic treatment was adjusted
according to the resistance pattern of the microorganisms found in the cultures as soon as
possible to decrease the chance of microorganisms becoming resistant.
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The results of our study are consistent with those of previous studies showing that
Pseudomonas, Klebsiella, E. coli, and S. aureus are the most common causative microorganisms
of VAP in patients with COVID-19 [1,2].

Relapse of VAP is mostly caused by Gram-negative microorganisms. The duration
of antimicrobial therapy in these patients was 7 days. Generally, the duration of VAP
treatment is 7 days, which does not result in an increase in the number of VAP relapses com-
pared to a longer duration of treatment. However, this is not applicable to non-fermenting
Gram-negative bacilli, for which a short course can lead to a higher VAP relapse rate [14]. In
COVID-19 pneumonia, VAP recurrence rates are high (40% of patients with VAP had at least
one recurrence; in the normal IC population, the recurrence rate ranged from 8% to 25% [3]),
although the treatment duration was 7 days. This is probably due to the pulmonary
inflammation caused by COVID-19, which makes the lung parenchyma more prone to
bacterial superinfection. Furthermore, non-fermenting Gram-negative bacilli possess multi-
ple virulence mechanisms that enable colonisation and subsequent tissue invasion [15]. A
longer duration of treatment, especially for VAP caused by Gram-negative microorganisms,
should be considered, which has been confirmed by a Cochrane review addressing multiple
studies [14]. The COVID-19 pandemic led to increases in antimicrobial resistance in the
ICU setting, indicating the importance of antibiotic stewardship programmes and infection
control measures [16]. This is an important factor in the treatment of VAP. Furthermore,
therapeutic drug monitoring (TDM) should be considered. Homeostatic changes due to
disease processes and required interventions on top of chronic co-morbidity are present in
critically ill patients. This leads to alterations in pharmacokinetic and pharmacodynamics
processes. The distribution volume is altered due to endothelial dysfunction leading to
capillary leakage, and renal clearance is often altered in critically ill patients. In the ICU,
bacterial pathogens may demonstrate higher minimal-inhibitory concentration (MIC) when
compared to general wards. These variabilities can lead to sub-optimal antibiotic exposure,
and TDM is a safe and effective way to ensure the achievement of therapeutic antimicrobial
exposure [17]. For example, higher dosages and longer exposures of beta-lactam antibiotics
(i.e., piperacillin/tazobactam) or fluoroquinolones (i.e., ciprofloxacin), which are used in
our hospital for the treatment of Gram-negative microorganisms, may be beneficial for
critically ill patients [17]. Currently, the Dutch national guidelines for antibiotic therapy
“Stichting Werkgroep Antibiotica Beleid” (SWAB) recommend piperacillin/tazobactam in
a fixed dosage of 4500 mg four times a day for five days, extended to seven days only in
case of sepsis, while international guidelines (European Society of Intensive Care Medicine
(ESICM) and Infectious Diseases Society of America (IDSA)) recommend a therapy du-
ration of a minimum of seven days. The IDSA also recommends pharmacokinetic and
pharmacodynamic optimised dosing by using antibiotic blood concentration, extended and
continuous infusion, and weight-based dosing when applicable [18,19].

Further studies are needed to investigate the continuum of VAP and relapse and recur-
rence of VAP, especially in COVID-19 patients. Improvements in the criteria for diagnosing
VAP and relapse/recurrence of VAP are needed. Also, additional preventive measures,
such as SDD and fine-tuning of treatment options such as TDM, should be investigated.

This study had some limitations. First, due to the relatively small sample size, this
study could only show large effect sizes (>0.7 or proportion differences larger than 33%)
while comparing patients with VAP to patients without VAP. Furthermore, there were
no ICU admissions of non-COVID-19 patients during the study period, which made a
case-control study impossible. Second, this was a single-centre, observational, retrospective
study, which implies a risk of bias. The analysis was performed by first selecting the
endotracheal aspirate results instead of clinical suspicion or signs of VAP. Both can lead
to selection bias. Third, diagnosing VAP in COVID-19 pneumonia is challenging because
many features of VAP, such as pulmonary X-ray abnormalities, fever, elevated inflammatory
markers, and hypoxaemia, are similar to those of COVID-19 pneumonia. No quantitative
cultures were used, and it was difficult to distinguish between colonisation and infection.
Furthermore, not all data were noted in the electronic patient files, which complicated
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the diagnosis of VAP and led to information bias. In addition, owing to the interhospital
transport of patients, follow-up was lost. This may have biased the results.

5. Conclusions

The incidence rate and recurrence of VAP are higher in patients with COVID-19
compared to those in non-COVID-19 patients and are mainly relapses. However, the
causative microorganisms were mostly comparable to those in non-COVID-19 patients with
VAP. A longer duration and a higher dosage of antimicrobial treatment with therapeutic
drug monitoring should be considered, especially when VAP relapse(s) occurs because of
Gram-negative microorganisms.

Author Contributions: Conceptualisation: M.v.D.; Data curation: M.v.D. and M.E-].; Formal analysis:
M.E-]. and Ev.O,; Investigation: M.v.D. and J.L.M.L.L.; Methodology: M.v.D., JLM.L.L. and Ev.O.;
Project administration: M.v.D.; Resources: M.v.D.; Supervision: J.L.M.L.L.; Validation: M.E-J. and
F.v.O.; Visualisation: M.v.D., M.E-]. and ].L.M.L.L.; Writing—original draft: M.v.D.; Writing—review
and editing: J.L.M.L.L. and M.E-]. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the guidelines
of the Declaration of Helsinki and approved by the Institutional Review Board of VieCuri MC
(protocol code 2022_074) on 29 June 2022.

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the
present study.

Data Availability Statement: All the data from this study are available from the corresponding
author upon request.

Acknowledgments: The authors would like to express their special thanks to their colleagues in the
departments of clinical microbiology and clinical pharmacy for their support and participation in the
antibiotic stewardship team.

Conflicts of Interest: The authors disclose that they do not have any potential conflict of interest.

References

1.

Maes, M.; Higginson, E.; Pereira-Dias, J.; Curran, M.D.; Parmar, S.; Khokhar, E; Cuchet-Lourenco, D.; Lux, J.; Sharma-Hajela, S.;
Ravenhill, B.; et al. Ventilator-associated pneumonia in critically ill patients with COVID-19. Crit. Care 2021, 25, 25. [CrossRef]
[PubMed]

Rouze, A.; Martin-Loeches, I.; Povoa, P.; Makris, D.; Artigas, A.; Bouchereau, M.; Lambiotte, F.; Metzelard, M.; Cuchet, P.; Boulle
Geronimi, C.; et al. Relationship between SARS-CoV-2 infection and the incidence of ventilator-associated lower respiratory tract
infections: A European multicenter cohort study. Intensive Care Med. 2021, 47, 188-198. [CrossRef] [PubMed]

Gragueb-Chatti, I.; Hyvernat, H.; Leone, M.; Agard, G.; Peres, N.; Guervilly, C.; Boucekine, M.; Hamidi, D.; Papazian, L.;
Dellamonica, J.; et al. Incidence, Outcomes and Risk Factors of Recurrent Ventilator Associated Pneumonia in COVID-19 Patients:
A Retrospective Multicenter Study. J. Clin. Med. 2022, 11, 7097. [CrossRef] [PubMed]

Papazian, L.; Klompas, M.; Luyt, C.E. Ventilator-associated pneumonia in adults: A narrative review. Intensive Care Med. 2020, 46,
888-906. [CrossRef] [PubMed]

Giacobbe, D.R.; Battaglini, D.; Enrile, E.M.; Dentone, C.; Vena, A.; Robba, C.; Ball, L.; Bartoletti, M.; Coloretti, I.; Di Bella, S.; et al.
Incidence and Prognosis of Ventilator-Associated Pneumonia in Critically Ill Patients with COVID-19: A Multicenter Study. J. Clin.
Med. 2021, 10, 555. [CrossRef]

Ippolito, M.; Misseri, G.; Catalisano, G.; Marino, C.; Ingoglia, G.; Alessi, M.; Consiglio, E.; Gregoretti, C.; Giarratano, A.;
Cortegiani, A. Ventilator-Associated Pneumonia in Patients with COVID-19: A Systematic Review and Meta-Analysis. Antibiotics
2021, 10, 545. [CrossRef]

Rouyer, M.; Strazzulla, A.; Youbong, T.; Tarteret, P.; Pitsch, A.; de Pontfarcy, A.; Cassard, B.; Vignier, N.; Pourcine, F;
Jochmans, S.; et al. Ventilator-Associated Pneumonia in COVID-19 Patients: A Retrospective Cohort Study. Antibiotics 2021,
10, 988. [CrossRef] [PubMed]

Francois, B.; Laterre, PF,; Luyt, C.E.; Chastre, J. The challenge of ventilator-associated pneumonia diagnosis in COVID-19 patients.
Crit. Care 2020, 24, 289. [CrossRef] [PubMed]

Siempos, LI.; Athanassa, Z.; Falagas, M.E. Frequency and predictors of ventilator-associated pneumonia recurrence: A meta-
analysis. Shock 2008, 30, 487—-495. [CrossRef] [PubMed]


https://doi.org/10.1186/s13054-021-03460-5
https://www.ncbi.nlm.nih.gov/pubmed/33430915
https://doi.org/10.1007/s00134-020-06323-9
https://www.ncbi.nlm.nih.gov/pubmed/33388794
https://doi.org/10.3390/jcm11237097
https://www.ncbi.nlm.nih.gov/pubmed/36498679
https://doi.org/10.1007/s00134-020-05980-0
https://www.ncbi.nlm.nih.gov/pubmed/32157357
https://doi.org/10.3390/jcm10040555
https://doi.org/10.3390/antibiotics10050545
https://doi.org/10.3390/antibiotics10080988
https://www.ncbi.nlm.nih.gov/pubmed/34439038
https://doi.org/10.1186/s13054-020-03013-2
https://www.ncbi.nlm.nih.gov/pubmed/32503590
https://doi.org/10.1097/SHK.0b013e31816f1f7c
https://www.ncbi.nlm.nih.gov/pubmed/18461027

J. Clin. Med. 2023, 12, 5821 90f9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Rahman, S.; Montero, M.T.V,; Rowe, K,; Kirton, R.; Kunik, F,, Jr. Epidemiology, pathogenesis, clinical presentations, diagnosis and
treatment of COVID-19: A review of current evidence. Expert. Rev. Clin. Pharmacol. 2021, 14, 601-621. [CrossRef] [PubMed]
Gragueb-Chatti, I.; Lopez, A.; Hamidi, D.; Guervilly, C.; Loundou, A.; Daviet, F; Cassir, N.; Papazian, L.; Forel, ].M,;
Leone, M.; et al. Impact of dexamethasone on the incidence of ventilator-associated pneumonia and blood stream infections in
COVID-19 patients requiring invasive mechanical ventilation: A multicenter retrospective study. Ann. Intensive Care 2021, 11, 87.
[CrossRef] [PubMed]

Cour, M,; Simon, M.; Argaud, L.; Monneret, G.; Venet, F. Effects of dexamethasone on immune dysfunction and ventilator-
associated pneumonia in COVID-19 acute respiratory distress syndrome: An observational study. J. Intensive Care 2021, 9, 64.
[CrossRef] [PubMed]

Group, R.C;; Horby, P; Lim, W.S; Emberson, J.R.; Mafham, M.; Bell, J.L.; Linsell, L.; Staplin, N.; Brightling, C,;
Ustianowski, A.; et al. Dexamethasone in Hospitalized Patients with COVID-19. N. Engl. ]. Med. 2021, 384, 693-704.
[CrossRef]

Pugh, R.; Grant, C.; Cooke, R.P.; Dempsey, G. Short-course versus prolonged-course antibiotic therapy for hospital-acquired
pneumonia in critically ill adults. Cochrane Database Syst. Rev. 2015, 2015, CD007577. [CrossRef] [PubMed]
Rodriguez-Aguirregabiria, M.; Asensio-Martin, M.J.; Nanwani-Nanwani, K.L. Recurrent ventilator-associated pneumonia caused
by “difficult to treat” resistance Pseudomonas aeruginosa. Rev. Esp. Quimioter. 2022, 35 (Suppl. 1), 117-119. [CrossRef] [PubMed]
Serapide, F; Quirino, A.; Scaglione, V.; Morrone, H.L.; Longhini, F; Bruni, A.; Garofalo, E.; Matera, G.; Marascio, N.;
Scarlata, G.G.M.; et al. Is the Pendulum of Antimicrobial Drug Resistance Swinging Back after COVID-19? Microorganisms
2022, 10, 957. [CrossRef] [PubMed]

Abdul-Aziz, M.H.; Alffenaar, ].C.; Bassetti, M.; Bracht, H.; Dimopoulos, G.; Marriott, D.; Neely, M.N.; Paiva, J.A.; Pea, F;
Sjovall, E; et al. Antimicrobial therapeutic drug monitoring in critically ill adult patients: A Position Paper. Intensive Care Med.
2020, 46, 1127-1153. [CrossRef] [PubMed]

Torres, A.; Niederman, M.S.; Chastre, J.; Ewig, S.; Fernandez-Vandellos, P.; Hanberger, H.; Kollef, M.; Li Bassi, G.; Luna, C.M,;
Martin-Loeches, I.; et al. International ERS/ESICM/ESCMID/ALAT guidelines for the management of hospital-acquired pneu-
monia and ventilator-associated pneumonia: Guidelines for the management of hospital-acquired pneumonia (HAP)/ventilator-
associated pneumonia (VAP) of the European Respiratory Society (ERS), European Society of Intensive Care Medicine (ESICM),
European Society of Clinical Microbiology and Infectious Diseases (ESCMID) and Asociacion Latinoamericana del Torax (ALAT).
Eur. Respir. ]. 2017, 50, 1700582. [CrossRef] [PubMed]

Kalil, A.C.; Metersky, M.L.; Klompas, M.; Muscedere, ].; Sweeney, D.A.; Palmer, L.B.; Napolitano, L.M.; O’Grady, N.P,; Bartlett, ].G.;
Carratala, J.; et al. Management of Adults with Hospital-acquired and Ventilator-associated Pneumonia: 2016 Clinical Practice
Guidelines by the Infectious Diseases Society of America and the American Thoracic Society. Clin. Infect. Dis. 2016, 63, e61-e111.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/17512433.2021.1902303
https://www.ncbi.nlm.nih.gov/pubmed/33705239
https://doi.org/10.1186/s13613-021-00876-8
https://www.ncbi.nlm.nih.gov/pubmed/34057642
https://doi.org/10.1186/s40560-021-00580-6
https://www.ncbi.nlm.nih.gov/pubmed/34663481
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1002/14651858.CD007577.pub3
https://www.ncbi.nlm.nih.gov/pubmed/26301604
https://doi.org/10.37201/req/s01.25.2022
https://www.ncbi.nlm.nih.gov/pubmed/35488840
https://doi.org/10.3390/microorganisms10050957
https://www.ncbi.nlm.nih.gov/pubmed/35630400
https://doi.org/10.1007/s00134-020-06050-1
https://www.ncbi.nlm.nih.gov/pubmed/32383061
https://doi.org/10.1183/13993003.00582-2017
https://www.ncbi.nlm.nih.gov/pubmed/28890434
https://doi.org/10.1093/cid/ciw353
https://www.ncbi.nlm.nih.gov/pubmed/27418577

	Introduction 
	Materials and Methods 
	Study Design 
	Data Definition 
	Data Collection 
	Statistical Analysis 

	Results 
	Patients 
	Invasive Mechanical Ventilation 
	VAP Recurrence 
	Pathogens in VAP 

	Discussion 
	Conclusions 
	References

