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Abstract

The coronavirus pandemic is a global health crisis of re-
cent 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 compli-
cation of viral infections is a secondary superimposed bac-
terial infection or a superinfection. Based on limited pub-
lished data, the relatively high incidence of severe infec-
tion 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 su-
perinfection. 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-

tion by nosocomial pathogens. The most common type of
infection observed among COVID-19 patients is ventila-
tor-associated pneumonia (VAP), followed by bacteremia
with sepsis and urinary tract infections (UTls). Antibiotics
are commonly prescribed to keep these infections at bay
which is promoting antimicrobial resistance (AMR). In de-
veloping countries like India, where there is well-estab-
lished 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 epide-
miological data on superinfections that can be used in
forming effective antimicrobial stewardship strategies;
which can have a crucial role in optimal antimicrobial pre-

scribing. ©2021 The Author(s).
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Introduction

COVID -19 has swiftly emerged as a pandemic caus-
ing 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 infec-
tions 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 inten-
sive 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 process-
es.

In developing countries like India, where there is
well-established high burden of multidrug-resistant
organisms in ICU settings, superinfections in COV-
ID-19 patients can pose a biggest challenge in the treat-
ment leading to increase mortality. Effective antibiotic
stewardship has a crucial role in limiting unnecessary
use of antimicrobials and is “need of the hour.” Super-
infections are well documented in influenza and other
respiratory viral illnesses [14, 15]. However, data re-
lated to COVID-19 are limited and still emerging. No
prospective studies have specifically investigated CO-
VID-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 anti-
microbials, antimicrobial resistance (AMR), and anti-
microbial stewardship. Studies included in the review
were identified by PubMed search conducted from
May 01, 2020, to July 30, 2020, using terms “COV-
ID-19,” “novel coronavirus,” “superinfections,” “Role
of antimicrobials in COVID-19,” “Antimicrobial resis-
tance” and “Antimicrobial Stewardship.” We also in-
cluded studies from 2003-2018 done on SARS and in-
fluenza.

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, cortico-
steroid use, mechanical ventilation, and prolonged
hospital and ICU stays [7] though relatively uncom-
mon, superinfections can also complicate coronavirus
disease in an immunocompetent patient [8, 9].

Possible Pathophysiology of Superinfections

Following viral infection, mechanical, and immu-
nological mechanisms impair the host defenses of the
respiratory tract, which may leave the patient vulner-
able 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-in-
flammatory cytokines such as interleukin-6, interleu-
kin-2, soluble interleukin-2 receptor, tumor necrosis
factor-alpha, and anti-inflammatory cytokines, for ex-
ample, 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 rou-
tinely employed by majority of the laboratories, surro-
gate inflammatory markers such as C-reactive protein
(CRP), and procalcitonin (PCT) can be done to recog-
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nize critically ill patients. The serial PCT measurement
plays an important role for predicting evolution to-
wards more severe COVID-19 disease. Its production
and subsequent release into circulation from extra thy-
roidal sources is tremendously boosted in bacterial in-
fections and actively sustained by interleukin-6 and tu-
mor 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 un-
complicated COVID-19 patients, and its significant
rise would reflect super added bacterial infection or se-
vere form of disease [11].

Definitions

Superinfection is diagnosed when the patients ex-
hibited clinical signs and symptoms of pneumonia or
bacteremia combined with a positive culture of a new
pathogen from a lower respiratory tract samples (in-
cluding the sputum, transtracheal aspirates, or bron-
choalveolar lavage fluid) or blood samples taken 248 h
after admission [13]. VAP is identified based on 3 cri-
teria: new or progressive persistent radiographic infil-
trates, clinical observations suggesting infection (new
onset of fever, purulent sputum, leukocytosis, in-
creased minute ventilation, arterial oxygenation de-
cline 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 UTT is de-
fined 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 hospital-
ized COVID-19 patients is pneumonia (VAP) followed
by bacteremia and UTIs [17].

Ventilator-Associated Pneumonia

Mechanical ventilation is frequently required by se-
vere COVID-19 patients admitted in ICUs along with
heavy sedation, prone positioning, and muscle block-
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ers for prolonged period which can increase the risk of
acquiring secondary nosocomial infection mainly ven-
tilator-associated pneumonia (VAP). Mechanical ven-
tilation 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 indis-
tinguishable from VAP; therefore, the microbiological
evidence from deep respiratory secretions presently re-
mains the sole criterion to support diagnosis in such
patients [15]. A retrospective study done on 918 pa-
tients 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 hospi-
tals 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] docu-
mented bacteremia in 24.6% cases.

Urinary Tract Infection

The prevalence of hospital-acquired urinary tract
infections (UTIs) ranges between 1.4-3.3% and uri-
nary catheters representing the major risk factor asso-
ciated with acquiring UTT in hospitalized patients [28].
However, the data among COVID-19 patients are in-
adequately 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 ob-
served 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 espe-
cially 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 lym-
phopenia in more than 80% reported COVID-19 pa-
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tients. Direct infection of T cells and depletion has
been studied in SARS and the impaired lymphocyte de-
fense resulting in bacterial secondary infections [33].

The various organisms cultured from COVID-19
patients includes multidrug-resistant Klebsiella pneu-
moniae, Pseudomonas aeruginosa, Serratia marcescens,
Enterobacter cloacae, Acinetobacter baumannii, Esch-
erichia 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 as-
sociated with invasive pulmonary aspergillosis in the
ICU; a well-supported hypothesis [36]. Invasive asper-
gillosis 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 COV-
ID-19 patients are Aspergillus flavus, Aspergillus fumig-
atus, Candida albicans, and Candida glabrata [9, 34].
Tables 1 and 2 summarizes clinical studies citing su-
perinfections 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 re-
ceived antimicrobial therapy, while less than 10% on
an average had bacterial or fungal superinfection or
coinfections [5]. Antimicrobial agents have been typi-
cally 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, an-
tibacterial agents were started empirically in 95% of
cases [18], while Zhou and colleagues [24] noted sec-
ondary 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 con-
firmed 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] as-
sessed 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 out-
comes in terms of mortality with no statistically sig-
nificant findings with respect to delayed hospital-ac-
quired infections during ICU stay. However, it was ob-
served 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, van-
comycin, and linezolid. However, the details on sus-
ceptibility patterns and dosing are unavailable [6, 7, 20,
21, 41]. Voriconazole (minimum inhibitory concen-
tration 0.125 mg/L) was used for the treatment of inva-
sive aspergillosis caused by Aspergillus fumigatus [48,
49].

Gibinigie and colleagues [50] after reviewing the ef-
fectiveness and safety of azithromycin in treating CO-
VID-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 azithro-
mycin and hydroxychloroquine.

In March 2020, Duployez et al. [40] recorded a case
of pneumonia caused by Staphylococcus aureus secret-
ing Panton Valentine Leukocidin toxin, which compli-
cated COVID-19 in a 30-year-old man admitted in
ICU with mechanical ventilation. Initially he was treat-
ed with oxacillin plus clindamycin and azithromycin
for COVID-19, which was later changed to piperacil-
lin-tazobactam and linezolid and then to meropenem,
gentamicin, and linezolid; however, the patient died
after 17 days of admission. In 2003, during the SARS-
CoV outbreak, there was an increase in S. aureus su-
perinfection causing VAP, the similarities between
SARS-CoV-2 and previous coronaviruses, and methi-
cillin-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].
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As per the National Institute for Health and Care
Excellence, UK (May 2020), the treatment guidance for
severe hospital-acquired pneumonia in COVID-19 pa-
tients includes broad-spectrum antibiotics such as
piperacillin-tazobactam, ceftazidime and levofloxacin.
Vancomycin, teicoplanin and linezolid if MRSA is sus-
pected [45].

Outcome

Two studies from China among laboratory con-
firmed 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 pa-
tients in China, the clinical condition of 21 (11.7%) pa-
tients worsened in a short time-span and the mean du-
ration from admission to death was 13.7 days. The rea-
son was attributed to presence of secondary bacterial
infection [47].

Yang and colleagues [18] in their study on 52 criti-
cally ill patients with COVID-19 documented mechan-
ical 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 du-
ration from admission to ICU and death was 7 days.
Twenty-one (40%) patients had chronic diseases, in-
cluding cerebrovascular diseases in 7 (13-5%) patients.
Among non-survivors, secondary infections were ob-
served in 4 patients with highly drug-resistant organ-
isms.

He et al. [17] reported that the mortality of COV-
ID-19 patients with nosocomial infections was 15.4%,
which was remarkably higher than COVID-19 patients
with no nosocomial infections. Invasive devices, diabe-
tes, glucocorticoid treatment, and combination of an-
tibiotics were found to be significant predictors of nos-
ocomial infections.

BIOMARKERS (PCT and CRP)

In a meta-analysis, the risk of severe COVID-19 in-
fection 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 de-
veloping secondary bacterial infection [52].

In a study involving 1,099 patients, 2 groups were
made based on disease severity: severe (173) and non-
severe (926). Mechanical ventilation was required in 61
patients among the severe group. Majority of the pa-
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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 infec-
tions and it rises late in infection, while PCT increases
promptly within 6-12 h upon stimulation and can dif-
ferentiate between bacterial and viral systemic infec-
tions 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 an-
tibiotic 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 sub-
optimal 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 COV-
ID-19 has not provided information on superinfec-
tions in their studies [21, 23]; it is doubtful if superin-
fection events were not found in these patients, or sim-
ply the data were not furnished.

The reason for discordant observations between dif-
ferent 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 se-
verely 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 com-
mon in hospitalized severely ill patients, with frequen-
cy in ICU patients. Since COVID-19 is still affecting a
large cohort of people and these infections have ad-
verse 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 rec-
ognized, which ultimately leads to AMR. The use of
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azithromycin is endorsed by the WHO to only cover
bacterial superinfections, and the shortage of azithro-
mycin 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 su-
perinfections due to non-availability of specific cost-
effective and rapid diagnostic tests.

The empirical use of antimicrobials should be re-
served for severely ill COVID-19 patients, with con-
stant reassessment of their necessity and should be
stopped as early as possible if the bacterial superinfec-
tion probability is considered low (e.g., negative bacte-
riologic tests, persistently low inflammatory biomark-
ers, 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 an-
tibiotic susceptibility profile. Almost all the studies are
from China, which may limit the generalizability of the
findings. No study specifies the data regarding Clos-
tridium 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 inter-
ventions and carefully designed large individual pro-
spective studies investigating exact incidence of CO-
VID-19 superinfections, and AMR pattern.

Antimicrobial stewardship principles can help guid-
ing in appropriate use of antibiotics and should include
reserving antibiotics for severe cases, collection of nec-
essary microbiology samples before antibiotics, daily
assessment of possible de-escalation based on microbi-
ology 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 COV-
ID-19, and misses the prevention of bacterial or fungal
hospital-acquired infections. Strict and effective infec-
tion control policies should be made to prevent pa-
tients 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 de-
velop superinfection while hospitalized. Rapid diagno-
sis 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 com-
monly prescribed to keep these infections at bay espe-
cially in ICUs, which is promoting AMR. Epidemio-
logical, clinical, and microbiological data on hospital-
acquired superinfections are needed to update
antimicrobial stewardship that is crucial in optimal an-
timicrobial prescribing. Adherence to rigorous infec-
tion prevention practices in hospitals is crucial in lim-
iting nosocomial infections. Further, the emergence of
COVID-19 is a sharp reminder for continuous and ur-
gent need for the research and development of newer
antimicrobials in future.
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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 and
Candida glabrata

Candida albicans

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