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Purpose of review

We conducted a systematic literature review to summarize the available evidence regarding the incidence,
risk factors, and clinical characteristics of ventilator-associated pneumonia (VAP) in patients undergoing
mechanical ventilation because of acute respiratory distress syndrome secondary to SARS-CoV-2 infection
(C-ARDS).

Recent findings

Sixteen studies (6484 patients) were identified. Bacterial coinfection was uncommon at baseline (<15%)
but a high proportion of patients developed positive bacterial cultures thereafter leading to a VAP
diagnosis (range 21–64%, weighted average 50%). Diagnostic criteria varied between studies but most
signs of VAP have substantial overlap with the signs of C-ARDS making it difficult to differentiate between
bacterial colonization versus superinfection. Most episodes of VAP were associated with Gram-negative
bacteria. Occasional cases were also attributed to herpes virus reactivations and pulmonary aspergillosis.
Potential factors driving high VAP incidence rates include immunoparalysis, prolonged ventilation, exposure
to immunosuppressants, understaffing, lapses in prevention processes, and overdiagnosis.

Summary

Covid-19 patients who require mechanical ventilation for ARDS have a high risk (>50%) of developing
VAP, most commonly because of Gram-negative bacteria. Further work is needed to elucidate the disease-
specific risk factors for VAP, strategies for prevention, and how best to differentiate between bacterial
colonization versus superinfection.
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INTRODUCTION

Critical care physicians worldwide face the chal-
lenge of managing patients with acute respiratory
failure because of SARS CoV-2 pneumonia and
Covid-related Acute Respiratory Distress Syndrome
(C-ARDS). Most of the pathogenetic characteristics,
clinical manifestations, and treatment strategies for
C-ARDS are similar to ARDS due to other etiologies
[1

&

] but some specific features do characterize the
clinical course of C-ARDS. In particular, many cen-
ters have reported high rates of ventilator-associated
pneumonia (VAP) complicating the course of C-
ARDS. An increasing body of literature characterizes
the incidence, risk factors, diagnostic features, and
adequacy of treatment of VAP among C-ARDS
patients undergoing mechanical ventilation. This
article will summarize literature-to-date regarding
VAP in C-ARDS patients.
 2021 Wolters Kluwer H
METHODS

We performed a systematic search strategy using
PubMed, EMBASE, and Web of Science for all studies
of any design addressing VAP in adult patients
affected by C-ARDS and requiring invasive
ealth, Inc. All rights reserved.
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KEY POINTS

� VAP incidence rates among C-ARDS patients (>50%)
are much higher than prepandemic rates in non-Covid
patients on mechanical ventilation.

� Diagnosing VAP in patients with C-ARDS is very
challenging because of the considerable overlap in
clinical signs of ARDS, VAP, and common
complications, such as pulmonary edema or atelectasis.

� Possible factors responsible for increased VAP rates
include immunoparalysis, prolonged ventilation,
exposure to immunosuppressants, under staffing, lapses
in prevention processes, and overdiagnosis.

VAP among SARS-CoV-2 ARDS patients Fumagalli et al.
mechanical ventilation. Only studies with a defini-
tion of VAP based on the US Centers for Disease
Control and Prevention’s National Healthcare
Safety Network or European Center for Disease Con-
trol recommendations [2–4] were included. Addi-
tional articles were sought by checking the reference
lists of included articles.
RESULTS

We identified 16 studies (2 studies investigated the
same cohort), including 6484 C-ARDS patients
requiring invasive mechanical ventilation, designed
to investigate the incidence, risk factors, and clinical
course of patients developing at least one episode of
VAP (Table 1) [5

&

–7
&

,8
&&

–11
&&

,12
&

,13
&

,15
&&

,16
&

,17,
18

&

,19–21]. The median observation period of
included studies was 3 months (range 1–12 months)
consistent with the high Covid-19 occupancy rates
of ICUs worldwide.
INCIDENCE OF VENTILATOR-ASSOCIATED
PNEUMONIA IN CORONAVIRUS DISEASE-
RELATED ACUTE RESPIRATORY
DISTRESS SYNDROME

The incidence of VAP can be expressed either as an
incidence proportion (number of new VAP cases/
total number of patients studied) or as an incidence-
density (total number of VAP episodes/total amount
of days at risk). The baseline incidence-density of
VAP before Covid-19 varied widely both within and
between countries but on average ranged between 2
to 20 events per 1000 ventilator-days [22,23]. Differ-
ences in case mix, care patterns, staffing, and above
all surveillance criteria are acknowledged among the
reasons for incidence variability [24]. Rates are sub-
stantially higher within some populations; one
study, for example, reported a raw incidence rate
of at least one episode of microbiologically
 Copyright © 2021 Wolters Kluwe
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confirmed bacterial VAP of 29% among 339 patients
with severe ARDS [25].

The incidence of VAP amongst patients with C-
ARDS in our review also varied widely, ranging from
21 to 64% (pooled mean 50%). Only five studies
(two multicenter and three single center) reported
VAP incidence-densities. These ranged from 18 to 45
episodes per 1000 ventilator-days (pooled mean 27
episodes per 1000 ventilator-days) [11

&&

,12
&

,16
&

,20].
Gamberini et al. [8

&&

] identified late-onset VAP as a
factor contributing to the prolonged duration of
mechanical ventilation duration associated with
C-ARDS. Many studies also reported recurrent VAP
episodes (up to four events in a single patient)
despite appropriate antimicrobial treatment. The
first VAP episode typically occurred between the
8th and 12th day after initiation of invasive
mechanical ventilation.

Crude mortality rates among the whole popula-
tion of critically ill SARS-CoV-2-positive patients
ranged between 30 and 40%. The average duration
of mechanical ventilation was 12–30 days. In a sin-
gle meta-analysis including 20 studies drawn from
12 countries, the pooled crude mortality rate for
patients with C-ARDS disease who developed VAP
was 43% [26]. This compared with a crude mortality
rate of 40–55% amongst ARDS non-Covid patients
with VAP [27,28]. Previous studies conducted in
non-COVID patients identified VAP attributable
mortality rate about 10% [29].
MICROBIOLOGY

Microorganisms associated with VAP also vary
between studies. In most locations, Gram-negative
bacteria have been reported to be the predominant
microorganisms (>70% in most series) followed by
Gram-positives (mostly Staphylococcus aureus). As
most cases of Covid-related VAP are diagnosed more
than 7 days from initiation of invasive mechanical
ventilation (late VAP), patients are at increased risk
for multidrug-resistant (MDR) bacterial strains.

A number of studies reported on COVID-19-Asso-
ciated Pulmonary Aspergillosis (CAPA). The incidence
of CAPA ranged from 4 to 30% [30,31] and varied
depending on the sensitivity of Aspergillus diagnostic
tests and the use of immunosuppressive therapies for
COVID-19 (e.g. anti-IL-6 and/or steroids). One survey
limited to Europe estimated a combined incidence of
possible, probable, and proven CAPA of 15% of ICU C-
ARDS patients [32]. The potential clinical significance
of CAPA was highlighted ina study by White et al. [33],
who reported more than 50% mortality among
patients developing CAPA, none of whom received
antifungal therapy. Studies were inconsistent in the
criteria adopted for CAPA diagnosis, hence it is
r Health, Inc. All rights reserved.
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VAP among SARS-CoV-2 ARDS patients Fumagalli et al.
impossible to quantify the burden of care attributable
to CAPA. However, the current evidence suggests a
high prevalence of Aspergillus pneumonia among
SARS-COV-2-positive critically ill patients compared
with the whole population of ICU-admitted patients.
Patients affected by CAPA show a high mortality rate
[34].

The clinical implication of viral coinfection
remains to be determined. At present, it seems that
most viral coinfections do not lead to worse out-
comes. However, reactivation or co-infection with a
Herpesviridae family virus (e.g. cytomegalovirus or
herpes simplex virus) has been described even in
absence of immunosuppressive factors [35,36]. Maes
et al. [13

&

], while measuring SARS-CoV-2 viral loads
in bronchoalveolar fluid of C-ARDS patients,
reported that 42% of samples were positive for Her-
pesviridae organisms. Previous studies in non-SARS-
CoV-2-infected ICU immunocompetent patients
found an association between cytomegalovirus reac-
tivation and poorer outcomes [37]; however, it
 Copyright © 2021 Wolters Kluwe

FIGURE 1. Risk factors for developing ventilator-associated
syndrome patients. The disease, treatment, and pandemic logistic
independently or synergistically, to the high rate of VAP observed
illustrated. ARDS, acute respiratory distress syndrome; MV, mecha
ventilator-associated pneumonia.

1070-5295 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
remains unclear whether cytomegalovirus reactiva-
tion plays a causative role or if it is just a surrogate
for identifying patients with severe disease. Future
studies are needed to elucidate the outcome and
benefits of antiviral prophylaxis or treatment for
cytomegalovirus reactivation.
RISK FACTORS FOR VENTILATOR-
ASSOCIATED PNEUMONIA IN COVID-
RELATED ACUTE RESPIRATORY
DISTRESS SYNDROME

Multiple elements might contribute to the high rate
of VAP observed in C-ARDS patients. Potential risk
factors for developing VAP among C-ARDS patients
are schematically illustrated in Fig. 1.
Disease-related risk factors

Three features of C-ARDS might contribute to the
high reported incidence of VAP.
r Health, Inc. All rights reserved.

pneumonia among covid-related acute respiratory distress
s-related risk factors, which may have contributed,
among mechanically ventilated C-ARDS patients are
nical ventilation; PPE, personal protective equipment; VAP,
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Respiratory system
SARS-CoV-2 pathogenesis

SARS-CoV-2 infection has been associated to a cer-
tain degree of ‘immunoparalysis’. The severity of
SARS-CoV-2 pneumonia is associated with the
degree of lymphopenia and to the burden of the
cytokine release syndrome attracting T cells into
lung tissue [38]. SARS-CoV-2 can infect human cir-
culating monocytes and macrophages leading to
these cells’ deaths, thus inducing immunoparalysis
of thehost,whichmayfacilitateSARS-CoV-2 infection
progression [39]. Other authors have hypothesized
that pulmonary vascular endothelial inflammation
and subsequent thrombosis might make the lung
parenchyma a favorable substrate for bacterial growth
and prevent antimicrobial penetration [40,41

&

].

Acute respiratory distress syndrome
severity

Patients admitted to the ICU that require invasive
mechanical ventilation secondary to SARS-CoV-2
infection meet the criteria for at least moderate
but most frequently severe ARDS according to the
Berlin definition criteria. The average PaO2/FiO2

ratio at ICU admission ratio among the studies
analyzed was 95–170 mmHg. Many patients with
disease of this severity require high levels of sedation
to reduce their oxygen consumption and to help
with ventilator tolerance. Others also require neu-
romuscular blocking agents to facilitate adequate
ventilation and oxygenation. Both of these pharma-
cological interventions are usually continued well
beyond the first 48 h after endotracheal intubation
contributing to increased risk of VAP [42].

Among the ARDS rescue therapies, prone posi-
tioning has been widely adopted in C-ARDS patients
both to treat hypoxemia and possibly to mitigate
ventilator-induced lung injury. Although prone
positioning may improve drainage of secretions
from the oral cavity, data from a sub-analysis of
the PROSEVA trial showed that prone positioning
does not reduce VAP incidence [43].

Extracorporeal membrane oxygenation (ECMO)
has been used, whenever available, to treat patients
with the most severe cases of C-ARDS that are unre-
sponsive to other rescue therapies. Grasselli et al.
[44] showed an incidence of VAP of 35% in critically
ill patients undergoing venovenous ECMO. The
study also highlighted that VAP in ECMO patients
is associated with longer duration of ICU stay and
lower survival rate (40% in patients with VAP com-
pared with 27% in other patients). Luyt et al. [10

&&

]
did a single-center analysis comparing the charac-
teristics of 50 patients with Covid-related ARDS
versus 45 patients with influenza-related ARDS on
ECMO. The authors reported that patients with C-
 Copyright © 2021 Wolters Kluwer H
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ARDS requiring ECMO had a lower rate of bacterial
coinfection at ICU admission (18 versus 40%) but a
higher incidence of VAP (86 versus 62%). In the C-
ARDS group, VAP recurred in 79% of patients despite
appropriate antimicrobial therapy.

Patients with C-ARDS tend to be ventilated for
longer than ARDS patients without COVID-19.
Among patients enrolled in the LUNG SAFE survey
[45], a large observational study in ARDS patients
gathered before the COVID-19 pandemic, median
duration of mechanical ventilation was 8 days
(interquartile range, 4–15 days), whereas patients
with C-ARDS require longer periods of mechanical
ventilation, with a median of 10 days (interquartile
range, 6–17 days). The duration of mechanical ven-
tilation is an independent risk factor for VAP. Fur-
thermore, severity of disease and quantity and
duration of corticosteroid use increase the risk for
critical illness myopathy and prolonged depen-
dence on mechanical ventilation. Finally, VAP itself
tends to prolong duration of mechanical ventilation
[8

&&

,11
&&

,14] leading to a vicious circle between dura-
tion of mechanical ventilation, VAP incidence, and
further prolongation of mechanical ventilation.

Ventilator-associated pneumonia diagnosis

There is substantial overlap between the cardinal
clinical signs of SARS-CoV-2 pneumonia, ARDS,
and bacterial pneumonia. All are associated with
pulmonary infiltrates, impaired oxygenation, fever,
and abnormal white blood cell counts. The airways
and endotracheal tubes of patients on mechanical
ventilation rapidly become colonized with poten-
tially pathogenic organisms frequently leading to
positive cultures. Clinically, this makes it very diffi-
cult to differentiate between true bacterial superin-
fection and bonafide cases of VAP versus bacterial
colonization alone superimposed on ARDS. Clini-
cians should preferentially rely on trajectory changes
to diagnose VAP (new and progressive deterioration
in oxygenation, new fever, new leukocytosis, change
in secretions) but even these dynamic changes are
nonspecific and potentially attributable to progres-
sion of ARDS, nonpulmonary infection, thromboem-
bolic disease, fluid shifts, and/or drug reactions rather
than VAP. This makes it likely that estimates of the
incidence of VAP based primarily on new positive
cultures overestimate the true incidence of VAP.
Treatment-related risk factors
Empirical antibiotic overtreatment

Antimicrobial therapy exposure is associated with a
shift in patients’ commensal flora towards more
ealth, Inc. All rights reserved.
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pathogenic organisms. In addition, antimicrobials
exert selection pressure favoring the emergence of
MDR bacterial strains.

Azithromycin was hypothesized to have an anti-
viral activity against SARS-CoV-2 during the early
months of the pandemic, and was thus, widely
administered by both outpatient and inpatient pro-
viders to patients with either possible or confirmed
SARS-CoV-2 infection. Randomized controlled trial
data have since demonstrated the futility of azithro-
mycin to reduce the duration of SARS-CoV-2 symp-
toms and risk of hospitalization [46

&&

]. In addition,
during the early months of the pandemic, the Sur-
viving Sepsis Campaign [47] suggested administer-
ing empirical antibiotic therapy to patients with
severe C-ARDS in order to treat/prevent bacterial
confection. Accordingly, in many cohorts, the rate
of antimicrobial therapy at the time of ICU admis-
sion is very high (>90%) despite lack of evidence for
bacterial coinfection [48–51].

Among the studies included in the present
review, the documented incidence of bacterial coin-
fection upon admission was low, ranging from 1 to
21% [11

&&

,18
&

,20] with prevalence of Gram-positive
organisms including Streptococcus spp. and methicil-
lin-susceptible S. aureus [20]. Rouzé et al. [52] per-
formed a large scale (>1000 patients) comparison
between viral–bacterial coinfection in patients with
respiratory failure because of SARS-CoV-2 versus
influenza virus. Severity of disease was similar
between groups with about 70% patients intubated
within 48 h from hospital admission and a high
percentage (85–90%) of patients received empirical
antimicrobial therapy in both groups. Bacterial
coinfection was detected in 10 versus 33% of
patients, respectively in the SARS-CoV-2 and influ-
enza groups.

In summary, the current literature evidence
does not support the use of broad-spectrum antibi-
otic therapy at ICU admission in C-ARDS patients
based exclusively on the severity of the disease
without evidence of bacterial coinfection.

Use of corticosteroids and
immunomodulatory agents

After publication of the RECOVERY trial [53] and
confirmation of its results in a subsequent meta-
analysis [54], systemic steroid administration has
become the mainstay of the treatment of C-ARDS
among patients requiring respiratory support, from
supplemental oxygen alone up to invasive mechan-
ical ventilation. The use of steroids has sometimes
been cited as a risk factor for developing VAP. How-
ever, the CoDEX trial reported a shorter duration of
mechanical ventilation among the patients treated
 Copyright © 2021 Wolters Kluwe
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with high-dose dexamethasone and similar inci-
dence of VAP (13%) as compared with patients
receiving standard care [55]. In the C-ARDS litera-
ture, there is no evidence that corticosteroid therapy
is associated with an increased incidence of VAP.

Immunosuppressive therapies (particularly IL-6
antagonists) have been also proposed and tested as a
potential strategy to modulate the disproportionate
inflammatory response triggered by SARS-CoV-2
infection. IL-6 antagonists cause a transient but long
lasting (about 4 weeks) immunosuppressive state,
which might favor the occurrence of bacterial super-
infections, such as VAP. Given the inconsistency of
data regarding outcomes of patient receiving anti-
IL-6, a prospective meta-analysis of published data
and ongoing trials was recently published by the
WHO REACT working group [56]. This analysis sug-
gested a possible benefit of treating with IL-6 antag-
onists among patients hospitalized with C-ARDS,
decreasing both the requirement for invasive
mechanical ventilation and mortality at 28 days.
However, once patients are intubated, it seems that
there are no benefits of starting IL-6 antagonist
therapy. More definitive evidence is required to
understand the effect of IL-6 antagonists among
the patients during mechanical ventilation.
Pandemic logistics-related risk factors
Staffing

The SARS-CoV-2 pandemic spread quickly to several
countries overwhelming hospital capacity in many
regions [57]. Many healthcare systems were under-
staffed and unable to provide an effective response
to the pandemic. Imbalance between workload and
resources and reduced personnel might affect
patients’ outcomes, and infectious disease preven-
tion strategies might be inadvertently missed [58].
Before the most recent pandemic, Schwab et al. [59]
detected a linear negative association between the
nurse-to-ventilated-patient ratio and the risk for
nosocomial infection occurrence (bloodstream
infections and VAP).

Bundles

Previous literature has demonstrated the efficacy of
combining multiple prevention measures in order
to reduce VAP incidence, including: regular hand
hygiene, use of noninvasive ventilation, head of bed
elevation, daily interruption of sedation and assess-
ment of readiness to wean, regular oral care, main-
taining endotracheal cuff pressure at at least
20 cmH2O, removal of condensate from ventilator
circuits, avoidance of gastric overdistention,
r Health, Inc. All rights reserved.
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avoidance of stomach acid suppressants, and use of
sterile water to rinse respiratory equipment. Indeed,
VAP prevention bundles are low tech and low cost,
yet they can have a substantial impact on VAP rates.
However, in a scenario of inadequate nurse-to-ven-
tilated-patient ratio, use of underexperienced staff,
and possible shortages of personal protective equip-
ment, it is likely that the implementation and opti-
mization of VAP prevention bundles suffered. Even
in adequately resourced centers, however, VAP rates
can be high. Blonz et al. [12

&

], for example, analyzed
VAP incidence in C-ARDS patients in an ICU with
adequate capacity relative to bed requests and an
adequate nurse : patient ratio. Despite the adequacy
of ICU and personnel capacity, the authors detected
a 50% incidence of at least one microbiologically
confirmed VAP episode.
DIAGNOSIS OF VENTILATOR-ASSOCIATED
PNEUMONIA IN COVID-RELATED ACUTE
RESPIRATORY DISTRESS SYNDROME

Diagnosing VAP in patients with C-ARDS is a con-
siderable challenge. Detecting new infiltrates on top
of patients’ baseline infiltrates is elusive and it is
often very difficult to know whether to attribute
changes in opacities to progression of ARDS, pulmo-
nary edema, atelectasis, or pneumonia. Clinicians
are advised to consider patients’ concurrent clinical
signs and trajectories while recognizing that these
too are neither sensitive nor specific. Corticosteroid
therapy or ECMO support might mask hyperpyrexia
and other inflammatory changes. We advise micro-
biologic sampling in patients with a constellation of
concurrent, new, progressive, and persistent find-
ings, such as new fever after a period of normother-
mia accompanied by worsening oxygenation, new
hypotension, new leukocytosis, and increases in
airway secretions. Individually, these signs are not
diagnostic but if present and persistent, a time-lim-
ited trial of antimicrobial therapy is reasonable.

From a ventilatory standpoint, development of
VAP is characterized by worsening of both intra-
pulmonary shunt, usually measured as increase in
either PEEP or fraction of inspired oxygen, and/or
increase of dead space fraction measured as rise of
the ventilatory ratio (minute ventilation to arterial
pCO2), and/or decrease of lung compliance. Accu-
rate daily monitoring of gas exchange and lung
mechanics might produce timely detection of pul-
monary superinfection.

Regarding the microbiological surveillance for
VAP, quantitative culture might add information to
differentiate between VAP and airways colonization.
Quantitative multiarray real-time PCR represents a
possible adjunctive test that may render rapid results
 Copyright © 2021 Wolters Kluwer H
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(3-4h), detect viral superinfection, and possibly iden-
tify the presence of selected drug-resistant bacteria.

Procalcitonin (PCT) is often usedas abiochemical
marker to identify bacterial superinfection but the
accuracy of this assay in this setting is limited. Studies
from the outset of the pandemic [60,61] reported low
PCT levels (<0.5 ng/ml) among C-ARDS patients at
ICU admission. Patients with severe C-ARDS, how-
ever, can have high PCT levels without bacterial co-
infection [62]. Variation in PCT levels might be
blunted during viral infection because of the viral
driven interferon-g release, thus limiting the useful-
ness of PCT to identify bacterial infection [63]. Inter-
estingly Rouzè et al. [52], investigating incidence of
coinfection among C-ARDS and influenza-related
ARDS found that procalcitonin was marginally
higher in patients coinfected with SARS-CoV-2 and
bacteria [0.9 (0.3–4.3) versus 0.5 (0.2–1.5)] but less so
compared with those coinfected with influenza and
bacteria [6.4 (1.4–50.2) versus 1.5 (0.5–9.8)].
TREATMENT OF VENTILATOR-
ASSOCIATED PNEUMONIA IN
CORONAVIRUS DISEASE-RELATED ACUTE
RESPIRATORY DISTRESS SYNDROME

The mainstay of VAP treatment remain timely and
appropriate antibiotics. These are best informed
through lower respiratory tract sampling via bron-
choalveolar lavage or endotracheal aspirate. Empiric
therapy uninformed by cultures is likely to lead to
antibiotic overuse [20]. C-ARDS patients with VAP
are at high risk of infection with MDR pathogens
because of their prolonged hospitalizations and fre-
quent exposure to antimicrobials. Clinicians
should, therefore, have a low threshold for broad-
spectrum therapy informed by local ecology, dura-
tion of hospitalization, and patients’ prior microbi-
ologic testing. For patients with signs of septic
shock, empiric combination therapy, and or use
of a newer generation cephalosporin-beta-lactamase
inhibitor combination or carbapenem-beta-lacta-
mase inhibitor should be considered to increase
the probability of active initial coverage. The high
rate of recurrent VAP raises the question of whether
there is possible advantage to prolonging antibiotic
treatment beyond 7 days; however, we are not aware
of data supporting this hypothesis. Trends of PCT
levels are of unknown value for determining the
timing of both initiation and discontinuation of
antibacterials in C-ARDS.
CONCLUSION

Patients developing ARDS following infection by
SARS-CoV-2 and requiring invasive mechanical
ealth, Inc. All rights reserved.
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ventilation are exposed to a high risk (>50%) of
developing at least one episode of VAP along the
course of their critical illness. VAP might be caused
by a variety of Gram-positive and negative bacteria
depending on geographic locations. Disease, treat-
ment, diagnostic challenges, and pandemic logistic-
related risk factors all have contributed to the high
incidence of VAP in C-ARDS patients. Despite recent
promising studies, current diagnostics criteria, and
treatment strategies largely reflect those adopted in
the pre-SARS-CoV-2 era.
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