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Abstract
The coronavirus pandemic is a global health crisis of recent times and the biggest threat we have faced after the
Second World War. This viral infection (COVID-19) is not
the only cause of deaths in this pandemic. A usual complication of viral infections is a secondary superimposed bacterial infection or a superinfection. Based on limited published data, the relatively high incidence of severe infection and mortality in COVID-19 patients is attributed to
these infections. It is reasonable to anticipate that nearly
half of the patients who have died from COVID-19 had superinfection. Patients who have severe form of the disease
and those requiring prolonged stay in intensive care units
(ICUs) are more prone to developing super added infec-
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tion by nosocomial pathogens. The most common type of
infection observed among COVID-19 patients is ventilator-associated pneumonia (VAP), followed by bacteremia
with sepsis and urinary tract infections (UTIs). Antibiotics
are commonly prescribed to keep these infections at bay
which is promoting antimicrobial resistance (AMR). In developing countries like India, where there is well-established high burden of multidrug-resistant organisms in
hospital settings, superinfections in COVID-19 patients
can pose a biggest challenge in the treatment leading to
increase mortality. There is a need of prospective studies,
which should include clinical, microbiological, and epidemiological data on superinfections that can be used in
forming effective antimicrobial stewardship strategies;
which can have a crucial role in optimal antimicrobial prescribing.
© 2021 The Author(s).
Published by S. Karger AG, Basel
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Introduction

COVID -19 has swiftly emerged as a pandemic causing significant morbidity and mortality accounting for
over 8,00,000 deaths worldwide [1]. Regardless of its
viral origin, a usual practice by clinicians is to initiate
antibiotic therapy because fever and radiological proof
of infiltrates are regarded as hallmarks of bacterial
community-acquired pneumonia, which requires
treatment by antibiotics [2]. Additionally, the reason
for prolonged use of broad-spectrum antimicrobials in
severely ill hospitalized patients is to either prevent or
to manage infections acquired nosocomially based on
earlier experience with influenza [3]. This has led to
widespread inappropriate use of antibiotics.
The definite incidence of bacterial superinfections
in COVID-19 is not known so far; it seems to be lower
than in severe influenza cases [4, 5]. A few reports,
mostly from China, have reported secondary infections in the range of 5–27% of severe acute respiratory
syndrome (SARS)-CoV-2 infected adults in several
hospitals, which included 50–100% of those who died
[6–12]. These infections are more commonly seen in
patients with severe disease who are critically ill and in
intensive care receiving mechanical ventilation. The
reported incidence of super added infection in intensive care unit (ICU) cases ranges between 13.5 and 44%
in patients with COVID-19, the most frequent type of
infection seen is ventilator-associated pneumonia
(VAP) due to bacterial or fungal causes, followed by
bacteremia with sepsis and urinary tract infections
(UTIs) [8, 12, 13]. An association between COVID-19
and superinfection can be possibly attributed to major
lung damage caused by viral replication which results
in cytokine storm and complex inflammatory processes.
In developing countries like India, where there is
well-established high burden of multidrug-resistant
organisms in ICU settings, superinfections in COVID-19 patients can pose a biggest challenge in the treatment leading to increase mortality. Effective antibiotic
stewardship has a crucial role in limiting unnecessary
use of antimicrobials and is “need of the hour.” Superinfections are well documented in influenza and other
respiratory viral illnesses [14, 15]. However, data related to COVID-19 are limited and still emerging. No
prospective studies have specifically investigated COVID-19 superinfections till date.
In this article, we review the constrained published
data on bacterial and fungal superinfections among
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COVID-19 patients, and provide view on role of antimicrobials, antimicrobial resistance (AMR), and antimicrobial stewardship. Studies included in the review
were identified by PubMed search conducted from
May 01, 2020, to July 30, 2020, using terms “COVID-19,” “novel coronavirus,” “superinfections,” “Role
of antimicrobials in COVID-19,” “Antimicrobial resistance” and “Antimicrobial Stewardship.” We also included studies from 2003-2018 done on SARS and influenza.
Superinfections and Risk Factors

Bacterial and fungal superinfections occur more
commonly in critically ill hospitalized patients with
risk factors such as advanced age, underlying systemic
diseases, patients with immunosuppression, corticosteroid use, mechanical ventilation, and prolonged
hospital and ICU stays [7] though relatively uncommon, superinfections can also complicate coronavirus
disease in an immunocompetent patient [8, 9].
Possible Pathophysiology of Superinfections

Following viral infection, mechanical, and immunological mechanisms impair the host defenses of the
respiratory tract, which may leave the patient vulnerable to bacterial and fungal proliferation [10]. Two
non-exclusive mechanisms, which predispose a patient
to superinfection are as follows:
1 Mechanical ventilation.
2 Dysregulation of the immune system of the host.
The interplay between virus and host cell induces
immune response which results in synthesis of pro-inflammatory cytokines such as interleukin-6, interleukin-2, soluble interleukin-2 receptor, tumor necrosis
factor-alpha, and anti-inflammatory cytokines, for example, interleukin-4 and interleukin-10, which proves
harmful to host cells. This cytokine release syndrome,
exhaustion of immune system, and lung damage may
predispose to acquiring superinfection. In severe cases,
induced cytokine storm, decreased CD4 and CD8 T
cells, and suppressed interferon-gamma production by
CD4 T cells have been correlated with disease severity
[11, 12]. The cytokine analysis is costly and not routinely employed by majority of the laboratories, surrogate inflammatory markers such as C-reactive protein
(CRP), and procalcitonin (PCT) can be done to recogNag/Kaur

nize critically ill patients. The serial PCT measurement
plays an important role for predicting evolution towards more severe COVID-19 disease. Its production
and subsequent release into circulation from extra thyroidal sources is tremendously boosted in bacterial infections and actively sustained by interleukin-6 and tumor necrosis factor-alpha. However, the biomarker’s
synthesis is inhibited by interferon-gamma, which is
present in high concentrations during viral infections,
so PCT value stays within the reference range in uncomplicated COVID-19 patients, and its significant
rise would reflect super added bacterial infection or severe form of disease [11].
Definitions

Superinfection is diagnosed when the patients exhibited clinical signs and symptoms of pneumonia or
bacteremia combined with a positive culture of a new
pathogen from a lower respiratory tract samples (including the sputum, transtracheal aspirates, or bronchoalveolar lavage fluid) or blood samples taken ≥48 h
after admission [13]. VAP is identified based on 3 criteria: new or progressive persistent radiographic infiltrates, clinical observations suggesting infection (new
onset of fever, purulent sputum, leukocytosis, increased minute ventilation, arterial oxygenation decline and/or need of vasopressors, and high PCT/CRP),
and positive microbiological culture [14, 15]. Sepsis
and septic shock are defined according to the 2016
third international Consensus Definition for sepsis
and septic shock [13]. Catheter-associated UTI is defined as a UTI where an indwelling urinary catheter is
in place for more than 2 calendar days on the date of
event, with day of device placement being day 1, and
an indwelling catheter in place on the date of event or
the day before [16].
Types of Superinfection

The most usual type of infection noted in hospitalized COVID-19 patients is pneumonia (VAP) followed
by bacteremia and UTIs [17].
Ventilator-Associated Pneumonia
Mechanical ventilation is frequently required by severe COVID-19 patients admitted in ICUs along with
heavy sedation, prone positioning, and muscle blockSuperinfections in COVID-19 Patients

ers for prolonged period which can increase the risk of
acquiring secondary nosocomial infection mainly ventilator-associated pneumonia (VAP). Mechanical ventilation has been reported among 21–88% ICU patients
in COVID-19 case series in various studies [4, 18–23].
The clinical picture of COVID-19 pneumonia is indistinguishable from VAP; therefore, the microbiological
evidence from deep respiratory secretions presently remains the sole criterion to support diagnosis in such
patients [15]. A retrospective study done on 918 patients in China, reported VAP in 32.3% cases, while
Zhou and colleagues [24] documented VAP in 10 of 32
patients needing invasive mechanical ventilation [17].
Another study reported hospital-acquired pneumonia
associated with mechanical ventilation in 20% cases
among survivors and 6% cases in non-survivors [18].
Bacteremia
Blood stream infections seem uncommon in CO
VID-19 patients. A study from New York City hospitals reported very low rate of true bacteremia (1.6%)
among COVID-19-positive patients [25]. Low rates of
bacteremia have also been reported among patients
with SARS [26, 27]. In a study done by Yang et al. [18],
bacteremia was seen in 3% cases among non-survivors
of COVID-19 patients. In contrast, He et al. [17] documented bacteremia in 24.6% cases.
Urinary Tract Infection
The prevalence of hospital-acquired urinary tract
infections (UTIs) ranges between 1.4–3.3% and urinary catheters representing the major risk factor associated with acquiring UTI in hospitalized patients [28].
However, the data among COVID-19 patients are inadequately reported and investigated. A study done by
Yang et al. [18] reported UTI in 3% cases.
Etiological Agents of Superinfections
Superinfections related to COVID-19 have been observed to be caused by bacterial and fungal agents as
per various studies [9, 29].
Bacterial Agents
Bacterial superinfections can significantly increase
the morbidity and mortality of viral infections especially in critically ill patients [30]. Two studies from
China reported secondary bacterial infection in 47.6
and 42.8% cases, respectively [31, 32]. The elevated risk
for bacterial superinfection may be attributed to lymphopenia in more than 80% reported COVID-19 paDubai Med J
DOI: 10.1159/000515067
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tients. Direct infection of T cells and depletion has
been studied in SARS and the impaired lymphocyte defense resulting in bacterial secondary infections [33].
The various organisms cultured from COVID-19
patients includes multidrug-resistant Klebsiella pneumoniae, Pseudomonas aeruginosa, Serratia marcescens,
Enterobacter cloacae, Acinetobacter baumannii, Escherichia coli, Staphylococcus aureus, and Bacillus cereus
[25, 31, 34, 35],
Fungal Agents
Severe COVID-19 patients requiring intensive care
may also be at risk of acquiring fungal superinfection.
Alveolar damage facilitating invasion by fungus and
acute respiratory distress syndrome are frequently associated with invasive pulmonary aspergillosis in the
ICU; a well-supported hypothesis [36]. Invasive aspergillosis is a well-documented complication of severe
influenza pneumonia [37]. In an autopsy-based study,
during 2003 SARS outbreak, 10% (2/20) had invasive
aspergillosis [38]. A few of the most common fungal
agents documented to cause superinfection in COVID-19 patients are Aspergillus flavus, Aspergillus fumigatus, Candida albicans, and Candida glabrata [9, 34].
Tables 1 and 2 summarizes clinical studies citing superinfections in COVID-19 patients.
Empirical Use of Antimicrobials
The data review from COVID-19 cases largely from
China found that more than 70% of the patients received antimicrobial therapy, while less than 10% on
an average had bacterial or fungal superinfection or
coinfections [5]. Antimicrobial agents have been typically used empirically rather than against diagnosed
infection because it is difficult to rule out bacterial and
fungal superinfections based on signs and symptoms
alone.
In a study done on 52 critically ill adult patients, antibacterial agents were started empirically in 95% of
cases [18], while Zhou and colleagues [24] noted secondary infections in 50% non-surviving patients and
antibiotic use rate was 94–100% [29]. One more study
from China reported antibiotic use in 97% of confirmed COVID-19 patients. In a study conducted on
1,099 patients, intravenous antibiotics and antifungal
were administered in 58 and 2.8% cases, respectively,
and the majority of the patients who had received these
therapies had severe disease, including mechanical
ventilation [39, 46] .
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A retrospective study carried by Buetti et al. [47] assessed the impact of early administration of antibiotics
(i.e., before ICU admission) on mortality and delay in
hospital-acquired infections. In their study, a total 48
COVID-19 patients were enrolled and the patients
were divided into 2 groups on the basis of whether the
patient received antibiotic or not. A total of 19 patients
were given antibiotics before ICU admission because
of suspicion of superinfection. They reported that both
groups (with and without antibiotics) had similar outcomes in terms of mortality with no statistically significant findings with respect to delayed hospital-acquired infections during ICU stay. However, it was observed that UTIs were frequent in the without
antibiotic group, and candidemia was experienced
more in the antibiotic group [40].
The most common antibiotics used empirically at
several hospitals in Wuhan, included azithromycin,
fluoroquinolones, cephalosporins, carbapenems, vancomycin, and linezolid. However, the details on susceptibility patterns and dosing are unavailable [6, 7, 20,
21, 41]. Voriconazole (minimum inhibitory concentration 0.125 mg/L) was used for the treatment of invasive aspergillosis caused by Aspergillus fumigatus [48,
49].
Gibinigie and colleagues [50] after reviewing the effectiveness and safety of azithromycin in treating COVID-19 concluded that there was paucity of evidence
to support the use of azithromycin for the COVID-19
treatment outside the context of clinical trials, unless it
is used to treat bacterial superinfection, and there are
very limited data on a possible synergy between azithromycin and hydroxychloroquine.
In March 2020, Duployez et al. [40] recorded a case
of pneumonia caused by Staphylococcus aureus secreting Panton Valentine Leukocidin toxin, which complicated COVID-19 in a 30-year-old man admitted in
ICU with mechanical ventilation. Initially he was treated with oxacillin plus clindamycin and azithromycin
for COVID-19, which was later changed to piperacillin-tazobactam and linezolid and then to meropenem,
gentamicin, and linezolid; however, the patient died
after 17 days of admission. In 2003, during the SARSCoV outbreak, there was an increase in S. aureus superinfection causing VAP, the similarities between
SARS-CoV-2 and previous coronaviruses, and methicillin-resistant Staphylococcus aureus warrants the
need for empirical coverage with antibiotics in ICU
settings based on the local antibiogram in countries
with high organism burden [40].
Nag/Kaur

As per the National Institute for Health and Care
Excellence, UK (May 2020), the treatment guidance for
severe hospital-acquired pneumonia in COVID-19 patients includes broad-spectrum antibiotics such as
piperacillin-tazobactam, ceftazidime and levofloxacin.
Vancomycin, teicoplanin and linezolid if MRSA is suspected [45].
Outcome
Two studies from China among laboratory confirmed cases, reported the median duration of illness
onset to ICU admission and subsequent development
of secondary infection has 10.5 and 17 days (13–19
days), respectively. The median time to death was 18–5
days indicating that superinfections were often end
events [13, 24] In a study done on 179 hospitalized patients in China, the clinical condition of 21 (11.7%) patients worsened in a short time-span and the mean duration from admission to death was 13.7 days. The reason was attributed to presence of secondary bacterial
infection [47].
Yang and colleagues [18] in their study on 52 critically ill patients with COVID-19 documented mechanical ventilation in 37 patients, the median duration
from onset of symptoms to ICU admission was 9.5
days. Mortality was seen in 32/37 cases, the median duration from admission to ICU and death was 7 days.
Twenty-one (40%) patients had chronic diseases, including cerebrovascular diseases in 7 (13–5%) patients.
Among non-survivors, secondary infections were observed in 4 patients with highly drug-resistant organisms.
He et al. [17] reported that the mortality of COVID-19 patients with nosocomial infections was 15.4%,
which was remarkably higher than COVID-19 patients
with no nosocomial infections. Invasive devices, diabetes, glucocorticoid treatment, and combination of antibiotics were found to be significant predictors of nosocomial infections.
BIOMARKERS (PCT and CRP)
In a meta-analysis, the risk of severe COVID-19 infection was seen to be 5 times more in patients with
raised PCT. The patients who had raised PCT at the
time of admission had significantly higher risk of developing secondary bacterial infection [52].
In a study involving 1,099 patients, 2 groups were
made based on disease severity: severe (173) and nonsevere (926). Mechanical ventilation was required in 61
patients among the severe group. Majority of the paSuperinfections in COVID-19 Patients

tients had raised CRP (81.5%) and PCT (13.7%) levels
in the severe group as compared to CRP (56.4%) and
PCT (3.7%) among the non-severe group [49].
In addition, CRP lacks specificity for bacterial infections and it rises late in infection, while PCT increases
promptly within 6–12 h upon stimulation and can differentiate between bacterial and viral systemic infections and true bacteremia from contaminated blood
cultures. It has better discriminatory ability than CRP
and white blood count [53]. Randomized controlled
trials conducted as per the type of infection documents
that PCT, when used for diagnosis, can reduce the antibiotic exposure in hospitals in VAP and severe sepsis/
shock [54, 55]. Although measurements of PCT may be
an important tool to limit antimicrobial use, the suboptimal specificity of PCT should be considered always
as elevated levels, and it may also occur in advanced
stages of COVID-19 without proven bacterial co- or
superinfection [2].
In contrary to the above data on superinfections,
studies conducted in 2 hospitals on 788 hospitalized
patients and 24 patients in ICU observed no incidence
of superinfections [4, 56]. Some case series on COVID-19 has not provided information on superinfections in their studies [21, 23]; it is doubtful if superinfection events were not found in these patients, or simply the data were not furnished.
The reason for discordant observations between different studies may be attributed to different hospital
antibiotic policies and also institutional ecology. The
low incidence of superinfections observed with respect
to COVID-19 could be due to the high mortality in severely ill patients and under reporting of data.
Implications and Ideas for Future Research
This study explored research studies, and the data
are lacking on superinfections and antimicrobial use in
COVID-19 patients; however, all the findings reviewed
are in favor of superinfections, which are more common in hospitalized severely ill patients, with frequency in ICU patients. Since COVID-19 is still affecting a
large cohort of people and these infections have adverse outcomes in certain groups, current studies are
insufficient regarding how much is the actual impact
of these infections on disease severity and outcomes in
such patients. Further prospective large multicenter
studies on superinfection in COVID-19 patients are
imminently required.
High rate of antimicrobial prescribing has been recognized, which ultimately leads to AMR. The use of
Dubai Med J
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azithromycin is endorsed by the WHO to only cover
bacterial superinfections, and the shortage of azithromycin has already been reported to the FDA. One of
the reasons why antibiotic use is going on almost across
the board is the lack of rapid diagnosis of bacterial superinfections due to non-availability of specific costeffective and rapid diagnostic tests.
The empirical use of antimicrobials should be reserved for severely ill COVID-19 patients, with constant reassessment of their necessity and should be
stopped as early as possible if the bacterial superinfection probability is considered low (e.g., negative bacteriologic tests, persistently low inflammatory biomarkers, and CT scan non-compatible with COVID).
There are very limited data on bacterial and fungal
secondary infections and among hundreds of studies,
only a very few reports secondary infections and that
also without detailed causative pathogens and their antibiotic susceptibility profile. Almost all the studies are
from China, which may limit the generalizability of the
findings. No study specifies the data regarding Clostridium difficle infection, which is associated with the
use of broad-spectrum antibiotics.
As India has some of the highest rates of antibiotic
use and multidrug-resistant pathogens, there is a need
for strict infection control practices in the intensive
care setting, potential antimicrobial stewardship interventions and carefully designed large individual prospective studies investigating exact incidence of COVID-19 superinfections, and AMR pattern.
Antimicrobial stewardship principles can help guiding in appropriate use of antibiotics and should include
reserving antibiotics for severe cases, collection of necessary microbiology samples before antibiotics, daily
assessment of possible de-escalation based on microbiology results and clinical judgment, and short duration
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as possible. Further research is also needed in current
infection control guidelines, which are only aimed to
prevent transmission and cross-infection by COVID-19, and misses the prevention of bacterial or fungal
hospital-acquired infections. Strict and effective infection control policies should be made to prevent patients from acquiring nosocomial infections, and there
is a need for time-to-time revision of these policies. As
pandemic is a signal to global policy makers, there is a
continuous need for research for the development of
newer classes of antibiotics.
Conclusion

Superinfections are a major risk factor for adverse
outcome in COVID-19, and hospitalized patients with
severe disease are more susceptible to developing these
infections. An estimated 1 in 7 COVID-19 patients develop superinfection while hospitalized. Rapid diagnosis of secondary bacterial infections can improve the
outcome, especially in high-risk groups, so there is a
continuous need of prospective studies for assessing
the diagnostic performance of biomarkers to rule out
or rule in bacterial superinfection. Antibiotics are commonly prescribed to keep these infections at bay especially in ICUs, which is promoting AMR. Epidemiological, clinical, and microbiological data on hospitalacquired superinfections are needed to update
antimicrobial stewardship that is crucial in optimal antimicrobial prescribing. Adherence to rigorous infection prevention practices in hospitals is crucial in limiting nosocomial infections. Further, the emergence of
COVID-19 is a sharp reminder for continuous and urgent need for the research and development of newer
antimicrobials in future.

Nag/Kaur

Superinfections in COVID-19 Patients

Dubai Med J
DOI: 10.1159/000515067

7

41 inpatients & ICU
admission 13
99 inpatients ICU
admission not
specified

69 hospitalized
patients & ICU
admission not
specified
5 hospitalized
patients & ICU
admission 2
11 hospitalized
patients and ICU
admission not
specified
918 inpatients and
ICU admission not
specified

1 ICU patient

Huang et al. [13] (Wuhan,
China, single hospital)
prospective study

Chen et al. [42] (Wuhan, China,
single hospital retrospective
observational study

Wang et al. [43] (Wuhan,
China, single hospital)
retrospective observational
study

Lescure et al. [44] (France, 3
hospitals) case series

Dong et al. [39] (Wuhan, China,
3 hospitals) case series

He et al. [17] (Wuhan, China,
single hospital Retrospective
data analysis

Duployez et al. [40] (France,
single hospital case report

Yang et al. [18] (Wuhan, China)
single hospital

52 critically ill
patients and ICU
admission 52

171 Inpatients and
ICU admission 50

Zhou et al. [24] (Wuhan, China,
2 hospitals) retrospective
multicenter cohort study

Bacteremia

52 inpatients and
ICU admission 52

Patients enrolled in study
and ICU admission, n

Yang et al. [18] (Wuhan, China,
single hospital) retrospective
observational study

VAP

Author (place), type of study

9.5 days

1 day

–

–

10 days

–

100%

–

–

20%

Not
17%
mentioned

–#

2%

100%

65/918 had
nosocomial
infections 21/65
(32.3%) had VAP

9%

20%

1%

4%

–#

10%

31.2%

11.5%

10%

18.7%

42.3%

Super-infection

10.5 days

12 days

9.5 days

Median time from Invasive
onset of symptoms mechanical
to ICU admission ventilation
isolated

22%

30%

58%

KPC-producing Klebsiella pneumoniae

100%

58%

–

100%

PVL-secreting Staphylococcus aureus

27%

–

–

–

20%

Not specified 15%

Not specified 19%

14.6%

97%

33.3%

Overall mortality in Corticosteroid
critically ill patients use

Nosocomial infections by coagulase-negative 15.4%
Staphylococci, Acinetobacter, Pseudomonas
aeruginosa, Enterococcus faecium, Klebsillea
pneumoniae, Escherichia coli, and Candida
albicans (not particularly specified for VAP)

Gram-positive cocci and gram-negative
cocci

Acinetobacter baumannii and Aspergillus
flavus

Enterobacter cloacae, and Acinetobacter
baumannii, Candida albicans

Klebsiella pneumoniae, Acinetobacter
baumannii, and Aspergillus flavus

Not specified

Not specified

KPC-producing Klebsiella pneumoniae,
ESBL-positive Klebsiella pneumoniae,
Pseudomonas aeruginosa, Serratia marcescens
Aspergillus flavus, and Aspergillus fumigatus

*Organisms

Table 1. Clinical studies citing superinfections in COVID-19 patients [13, 17, 18, 24, 25, 35, 39–45]

95%

100%

75.4%

71%

20%

98.5%

71%
antibiotic
and
15%
antifungals

93%

95%

95%

Overall
antibiotic use
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4 days

Single hospitalized
patient
548 admitted
patients and ICU
admission not
specified
836 patients and
ICU admission 113

Osakwe [35] (New York, single
hospital) case report

Li et al. [45] (Wuhan, China,
single hospital retrospective
Study

Hughes et al. [41] (UK, 2 NHS
hospitals retrospective case
series

918 inpatients and
ICU admission not
specified

He et al. [17] (Wuhan, China,
single hospital
–

9.5 days

–

–

–

–

–

4.6%

–

–

–

21.5%

2%

5.3% (line related
bacteremia), 0.9%
(bacteremia
secondary to
ventilator
associated)

7.7%

100%

24.6%

1.6%

Super-infection
isolated

Not specified

Candida albicans

Enterococcus spp., Pseudomonas aeruginosa,
Candida albicans, and Enterobacter cloacae

15.4%

Died

NR

16.5%

0%

Bacillus cereus/thuringiensis
Not specified

15.4%

–

–

–

–

–

–

–

–

Overall mortality in Corticosteroid
critically ill patients use

Not specified

Escherichia coli, Staphylococcus aureus,
Klebsiella pneumoniae, and Enterobacter
cloacae complex

*Organisms

VAP, ventilator-associated pneumonia; ICU, intensive care unit. * Antimicrobial susceptibility patterns of the isolates were not specified in studies. # Not mentioned.

52 critically ill
patients and ICU
admission 52

Yang et al. [18] (Wuhan, China)
single hospital

Urinary tract infection

–

918 inpatients and
ICU admission not
specified

He et al. [17] (Wuhan, China,
single hospital retrospective
data analysis

–

1,859 admitted
patients and ICU
admission not
specified

Sepulveda et al. [25] (New York,
New York city hospitals)
Retrospective cohort study

Median time from Invasive
onset of symptoms mechanical
to ICU admission ventilation

Patients enrolled in study
and ICU admission, n

Author (place), type of study

Table 1(continued)

75.4%

95%

NR

1.3%

100%

75.4%

–

Overall
antibiotic use

Table 2. Summary of etiological agents implicated in superinfections among COVID-19 patients

Etiological agent

VAP/secondary pneumonia

Bacteremia

UTI

Bacterial agents

Klebsiella pneumoniae, Pseudomonas
aeruginosa, Serratia marcescens,
Acinetobacter baumannii, Enterobacter
cloacae, and Staphylococcus aureus

Klebsiella pneumoniae,
Coagulase negative, Staphylococci,
Staphylococcus aureus,
Escherichia coli,
Enterobacter cloacae complex,
Bacillus cereus/thuringiensis,
Enterococcus species, and
Pseudomonas aeruginosa

Not specified

Fungal agents

Aspergillus flavus, Aspergillus fumigates,
and Candida albicans

Candida albicans

Candida albicans and
Candida glabrata

VAP, ventilator-associated pneumonia; UTI, urinary tract infection.
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