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Abstract— Mortality of any respiratory viral disease is
usually attributed in part to other reasons than the damaging
effect of the virus alone. One of these reasons is the bacterial
super-infection. For this reason, this scoping review attampts
to evaluate the significant contribution of bacterial super-
infection on the mortality among hospitalized COVID-19
patients and determine the true prevalence of bacterial super-
infections in that population. Accordingly, a systematic search
was employed with precise criteria on the MEDLINE,
SCOPUS, PUBMED, and GOOGLE SCHOLAR databases
published in the English language three years from January
2020 to January 2023. The prevalence of bacterial super-
infection (BSI) among COVID-19 patients constitutes a point
of contention among publications. This heterogeneity among
publications came from the semantic dilemma of co-infection
and super-infection.Co-infection was determined to be found in
a relatively narrow range (1.2-3.1%), while prevalence of
bacterial super-infection among COVID-19 patients varied
from 18.2 to 50%. The bacterial super-infection significantly
increases COVID-19 mortality, with the Odd ratio ranging
from 1.76 to 10.53 [CIl 95%]. Bacterial super-infection among
hospitalized COVID-19 patients represents a non-recognized
threat, especially during the first wave of the pandemic. The
Prevalence of bacterial super-infection is comparable with
those observed in previous influenza and SARS epidemics. A
significant contribution of bacterial super-infection, especially
the pulmonary to mortality of COVID-19 patients, was
observed clearly
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I. INTRODUCTION

Three years ago, the world was taken aback by the
new emerging viral disease caused by severe acute
respiratory syndrome Coronavirus 2 ( SARS-Cov-2) called

COVID-19, which spread from Hubie-China like wildfire,
reaching the pandemic level within a few weeks(World
Health Organization, 2020). Many medical decisions have
been made with very limited and no clinical experience or
adequate scientific evidence, so typically, during such chaos
situation, the attention is initially directed to the clinical
management of the initial infection, neglecting the lurking
threat behind the COVID-19, bacterial super-infection (BSI)
that occurs after viral infection[2].

Many immune suppurative drugs (Tocilizumab) and
broad-spectrum antibiotics were used worldwide, raising the
question of how much bacterial infection is among those
populations and the cost. The impacts of bacterial super-
infection (BSI) during a respiratory viral epidemic can be
viewed in three main points; firstly, it constitutes an
important pressure factor on healthcare facilities by
prolonging hospital stay and increasing the need for
intensive care unit (ICU) admission [3], [4]. Secondly,
associated with the worsening clinical outcome of viral
pneumonia, this fact has been noticed during H5N1
Influenza and SARS pandemics. Many previous
epidemiological studies stated that the BSI with respiratory
viruses could significantly increase the pneumonia severity,
which ultimately increases the mortality rate of viral
pneumonia; the best example is the synergism between the
influenza virus and S.pneumonia that account for the
majority of death of influenza pandemic [5]-[8].

Thirdly, worsening the already horrible situation of
antibiotic resistance globally. Such a situation was
experienced during the previous pandemic of SARS during
2002-2003 as the rate of methicillin resistance of
staphylococcus raised more than seven times that of pre-
pandemic[9]. Due to difficulty distinguishing the clinical
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and radiological findings of viral pneumonia from those
Klebsiella), it is difficult to rule out the bacterial co-
infection or suer-infection at admission time, leading to a
significant increase in the prescription of broad-spectrum
antibiotics [10]. It has been stated that antibiotic usage
(96-100%) in managing COVID-19 was much higher than
the reported secondary bacterial infections among
COVID-19 patients, especially during the first wave of
the pandemic[11], [12].

Reviewing the documents of previous
pandemics/epidemics shows that the effect of secondary
bacterial infections can be described as inevitable. For
example, 30-55% of 2009 HINI Influenza deaths
worldwide were due to the consequences of secondary
bacterial infections[13], [14]. Indeed, half of the non-
surviving COVID-19 patients were found to be secondary
bacterial infection positive[11].

Studies regarding secondary bacterial infection
during a respiratory viral epidemic are crucial for
diagnosing, managing, and preventing these infections,
planning for pandemic preparedness, and ensuring the
wise use of antibiotics that minimize the risk of
developing multidrug-resistant strains [15]. Previous
documents have undertaken the prevalence, incidence,
and identification of secondary bacterial pulmonary
infection of SARS-Cov-2 patients; however, the
contribution of secondary bacterial infection in the
mortality of COVID-19 has not been well previously
discussed. Similarly, most previous studies have not
included the strength of the association of risk factors for
pulmonary bacterial super-infection and prognostic value.
Therefore, this review aimed to determine the prevalence
and evaluate the secondary bacterial pulmonary

caused by bacteria (Penumoniacoccal, Staphylococcal, and
infection's associated outcome among hospitalized
COVID-19 patients.

Il. METHODOLOGY
This scoping review was conducted based on a
comprehensive  systematic search of MEDLINE,
SCOPUS, PUBMED, and GOOGLE SCHOLAR

databases published in the English language in the period
of three years from January 2020 to January 2023, with
the following different combinations of keywords;
"Bacterial-super infection, COVID-19"/ or "bacterial co-
infection of COVID19 patients" / or "COVID-19 patients
with  secondary bacterial infections"/or "Bacterial
infection of COVID ICU patients."/ or SARS-Cov-2
super-infection /or “bacterial infection novel coronavirus”
/ or “covid-19 risk factors” /or "prediction of COVID”.
Only those articles that met the inclusion criteria were
considered in this review.

A. Inclusion criteria

1- Peer-reviewed research articles

2- The article included the CDC's definition of
Super-infection

3-  Articles that focused on pulmonary infection

4-  Only patients with PCR-confirmed COVID-19

B. Exclusion Criteria

1- Short communication

2- Reviews

3- Letters

4- Correspondences

5-  Unpublished or not peer-reviewed articles
6- Case study

Total Articles
(n=150)

Excluded articles : exclusion criteria
and duplicate studies (n=95)

Included articles
(n=55)

Prevalence of super-infection and co-
infection of hospitalized patients (n=42)

I

Significance of super-infection
on the hospital mortality (n=13)

Excluded due to

Bacterial Super-infection
of hospitalized patients
(n=22)

|

(1=20)

Bacterial co-infection of
hospitalized patients

F Odd ratio (n=7)

Included articles: The association was in term of

Odd ratio (n=6)

Figure (1)flow chart for studies included and screening procedure

I11. PREVALENCE OF BACTERIAL SUPER-INFECTION IN
HospPITALIZED COVID-19 PATIENTS

Measuring the proportion of COVID-19 patients with
SBI is critical to inform us as to how extent the bacterial
infections are spreading among COVID-19 patients, which
hopefully helps minimize the overuse of antibiotics and to
estimate the contribution of SBI in the worsening of the
clinical outcome. The prevalence of SBI among COVID-19
patients constitutes a point of contention among
publications. Previous meta-analysis reviews reported high
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heterogeneity (I ranging from 92-49%) among studies [16],
[17]. Notably, this heterogeneity among publications came
from the semantic dilemma of co-infection and super-
infection[16]. Many authors failed to correctly use those
terms, which reflected an underestimation or overestimation
of the SBI among COVID-19 patients.

In this review, the most acceptable CDC definition of
co-infection and  secondary/super-infection  will be
considered; a co-infection coincides with the primary
infection or concomitant infection roughly identified within
the first 48 of hospital admission, while secondary/super-
infection is defined as those infections that occur after the



initial infection (diagnosed in >48hours). Usually, the
causative agent of super-infection exhibits antibiotics
resistant to previously used antibiotics (18). Bacterial co-
infection at the time of hospital admission is usually
associated with an increase the clinical severity and
death[7]; however, in the COVID-19 pandemic, the
prevalence of bacterial co-infection was determined to be
found in a relatively narrow range (1.2-3.1%) in studies that
clearly defined co-infection[18]-[22] based on CDC
definition. A good explanation of the low co-infection rate
during the COVID-19 pandemic in comparison with the
previous pandemic (H1N1, SARS) was speculated by
Garcia-Vidal and his colleagues [20], the macrophage
hyper-activation had some role in lowering the co-infection
in addition to accumulative experience from previous
pandemics as empirical antibiotics therapy begins at early
hospital admission. More recently, A few studies (all
published in 2022) recorded rates of bacterial co-infection
out of that range like Coenen et al. [23], who reported
12.4%, and Bolker et al. reported 11.2[24] Cohen et al.
reported 60% it is seems that the Prevalence of bacterial co-
infection raised during 2022. Only Zhua and his colleagues
were an outlier as they reported that 91.8% (236/242) had
bacterial co-infection at admission time [25]. Nevertheless,
it appears that estimation of the true prevalence of bacterial
co-infection based on the previous studies is almost
impossible since all these studies were conducted
retrospectively during the first or second wave of the
pandemic when the major focus was directed against the
primary viral infection and no bacteriological tests
performed at the time of admission. Thus it is believed that
bacterial co-infection went underestimated.

On the other hand, super-infections are relatively prevalent,
particularly in severely ill patients. All studies concerning
the super-infections showed that the Prevalence of bacterial
super-infection among COVID-19 patients varied from 18.2
to 50%[26]-[33]. However, the prevalence can be higher in
some studies; in Egypt, Takwa et al., 2020 reported
100%[34] and in Iran, said 95%[35],[33]. Interestingly,
super-infection is exclusively recorded in the intensive care
unit (ICU), particularly in the later phase of ICU admission,
indicating a direct association with the length of ICU
stay[20], [29]. In a closer look at the association between
ICU stay and incidence of super-infections, it can be
speculated that some unique and extra risk factors directed
upon patients in the ICU settings include; massive
administration of immunosuppressive drugs (tocilizumab
and corticosteroids), mechanical ventilation, the exhausted
immune response of ICU patients. Additionally, ICU wards
were usually overcrowded at more than 350% of their
original capacity during the peaks of the outbreak, which
necessitated the translocation of healthcare workers that
were ordinarily not practiced to work in the ICU settings
leading to an increase in super-infections in the ICU
wards[36]. However, the true prevalence of BSI has usually
been underestimated because of the competing risk of death
during early ICU admission, which might occur before SBI
development[31].
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V. PATHOGENESIS OF BACTERIAL-SUPER INFECTION

(VIRAL-BACTERIAL INTERACTION)

The role of bacterial infections in the pathogenesis of the
infectious disease caused by a newly emerging respiratory
virus is usually not fully understood. Viral infections,
particularly respiratory tract infections, are frequently
followed by bacterial infections of the virus-affected organ,
associated with high morbidity and mortality. However, two
general forms of bacterial-viral interactions worsen the
disease outcome; the direct form, in which the virus takes
advantage of bacterial components to facilitate cell
penetration, and the indirect form, which include the
consequences of viral infection that increase bacterial
pathogenicity [37].

Much of what we know so far comes from animal model
studies demonstrating that complex molecular mechanisms
underpin a virus's ability to predispose to bacterial infection.
Resolving the virus-induced inflammatory process opens a
window of a period (7-14 days) during which the
susceptibility for bacterial super-infection is usually high
(25). Two mechanisms are involved in the predisposition for
bacterial infection during this period (window of
susceptibility); the mechanical mechanism, which enhances
bacterial adhesion and colonization, and the immunological
mechanism, which enhances bacterial pathogenicity[38].

Respiratory viral infections cause cell death and disrupt
mucins, exposing new attachment sites for bacteria [39].
Previous research on influenza virus A, demonstrated by
Peltola et al. (2006)[40], showed the colonization rate of S.
pneumonia of airways increased significantly in animal
models (Ferrets) after being experimentally infected with
H3N2 subtype influenza A. The bacterial adhesion is
enhanced by virus activation of Tumor Growth Factor beta
(TGF-B), which up-regulates the expression of fibronectin
and integrins ( bacterial receptor on mammalian cells)[41].
Because of its sialidase activity, the influenza virus
neuraminidase can alter the carbohydrate moieties on the
surface of mammalian cells exposing new bacterial
receptors[42], [43]. Similarly, respiratory syncytial virus
(RSV) glycoprotein expressed on the surface of infected
cells acts as a receptor for pneumococci[44]. Surface
glycoprotein adhesion molecule-1 (ICAM-1) has been
shown to have up-regulated expression during RSV and
viral infection. ICAM-1 was recognized as a cognate ligand
for the non-typeable H. influenza Type IV pilus. It is
proposed that the immune response during viral infection
opens new bacterial attachments sites by upregulation in the
expression of receptor molecules used by bacteria, as
illustrated by Cundell et al. that increased performance of
the G-protein-coupled platelet-activating factor (PAF) is
utilized by some bacteria such as S. pneumoniae for their
attachment and colonization in the endothelial cells[45].
The ciliary function of respiratory cells is impaired by virus
infection which ultimately lead to decrease the clearance of
inspired bacteria[46].

On the other hand, the immunological mechanism is
marked by impaired antibacterial effector function of
myeloid immune cells [47]-[49]. Studies of the influenza
virus showed the loss or dysfunction of innate immune
effectors cells, particularly neutrophils, and macrophages,
causing poor control of bacterial infection[38]. Recently,



several studies have proposed the term " Emergency
myelopoiesis,” which describes the immune response to a
severe viral infection that induces a progenitor bone marrow
in the predisposing for bacterial super-infection is
demonstrated by the great work of Shambat and his
colleagues, as they found that critically ill patients with
acute COVID-19 had altered neutrophil and monocyte
effector cytokines, which hindered their ability to respond to
bacterial challenges. His findings suggest that acute
COVID-19 is characterized by immature hyper-activated,
dysfunctional neutrophils and monocytes with reduced
effector responses like; reduced production of reactive
oxygen species and myeloperoxidase upon secondary
bacterial challenge.

Similarly, Peyneau et al. 2022[50] found that the
antimicrobial activity of neutrophils and monocytes (
phagocytosis, oxidative burst, and netosis) is initially hyper-
activated but decreased capacity to reactivate, rendering the
OCVID-19 patients with a great susceptibility to microbial
infection. The impaired myeloid cell functions are
significantly higher in ICU patients than Non-ICU.
Additionally, the dysfunctional myeloid cells have
immunosuppressive characteristics, resulting in reduced
lymphoid cell count in the later stages of severely
hospitalized COVID patients[12]. A direct association of
the SARS-Cov-2 mediated hypercytokinemia and bacterial

cell to massive production of suppressive immature
neutrophils during the severe course of COVID-19
disease[49]. The contribution of immunological mechanism
super-infection. Significant inflammatory cytokines were
observed primarily in COVID-19 patients with bacterial
super-infection[49].

V. THE SIGNIFICANCE OF PULMONARY BACTERIAL SUPER-
INFECTION IN THE MORTALITY OF COVID-19 PATIENTS

Initially, looking at the risk factors regarding COVID-
19 mortality is essential. Previous studies concerning the
mortality of CVID-19 have stated many risk factors,
including age, sex, comorbidities, severe clinical feature at
admission, length of ICU stay, obesity, and elevated level of
CRP[51], [52]. However, a thorough assessment of the
extent to which these risk factors contribute to COVID-19
mortality, or at the very least, how to prioritize these risk
factors, has not been disclosed. In this review, the major
focus will be on bacterial super-infection. Among the risk
factors mentioned above, it is obvious that the mortality of
COVID-19 is governed by two reciprocally feeding risk
factors, namely, the severity at presentation and bacterial
super-infection. Figure (2) organizing the most studied risk
factors of COVID-19 mortality.

corticosteroid

Gender : ) ICU admission
L Severily of | o | Bacterial Suer-
Comrbiditie clinical .a infection Longhospitalstay
1 ]
Obesity t
Mortality

Figure (2): orginazation the various COVID-19 mortality associated risk factors. ICU: Intense Care Unit, ITP: Invasive Therauetic Procedure

Previous studies have mentioned various risk factors for
pulmonary bacterial super-infection among hospitalized
COVID-19 patients. Nevertheless, the identified risk factors
are the acute initial clinical figure at presentation (Bardi et
al., 2021; Nasir et al, 2021), corticosteroid
administration[53], and the use of invasive therapeutic
procedures such as an endotracheal tube, central venous
catheters(Buehler et al., 2021), admission to ICU (Sevik, S
et al. 2022) and length of hospital stay, particularly in ICU.
On the other hand, the severity of clinical features at
admission, which is the second player of mortality, is
thrived by older age, gender, and comorbidities. For age,
most studies agreed that age >60 years constitutes an
important risk of severe clinical presentation due to
impaired immunity as those patients have reduced
production of T and B cells as well as reduced innate
immunity, which alters the viral clearance in addition to
dysregulating immune cells that produce large quantities of
cytokines culminated by a cytokine storm[54], [55]. Older
age was also implicated as a predictor of ICU admission
with an odd ratio (3.28, [1.71-6.25])[56]. Similarly, almost
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all previous studies regarding mortality risk factors
accounted for those comorbidities independently associated
with a severe form of COVID-19, ultimately leading to
death[55], [57]-[59]. Regarding the gender differences,
females may have the advantage of COVID-19 resistance as
females' adaptive immune responses have higher CD4 and
CD8 T-cells than males. Additionally, the essintial immune
regulatory genes are located on chromosome X, and females
have a higher level of TL7 expression than males(Abdullah
et al. 2012).

The role of super-infection in COVID-19 was evidenced
based on the previous respiratory epidemic (Influenza).
However, many previous kinds of research and review
articles have undertaken the role of bacterial super-infection
in the severity of COVID-19. It is interesting to find the role
of BSI in the mortality of hospitalized COVID-19. Previous
studies have mentioned the BSI as a significant mortality
prognostic factor, in addition to older age, the high level of
D-dimer, and sequential organ failure assessment (SOFA)
(zZhou P, 2020). The bacterial super-infection appears to
significantly increase COVID-19 mortality, with the Odd



ratio ranging from 1.76 to 10.53, as presented in Table (1).
Italy found an increase in the super-infection rate from
21.7% to 57.6% during ICU stay. Additionally, most studies
found that the association of bacterial super-infections with
mortality of COVID-19 patients was around 35%, exceeding
other prognostic factors(Bardi et al., 2021; Nasir et al.,
2021; Shafran et al., 2021). The death rate associated with
bacterial super-infection in COVID-19 was significantly
higher than in the Influenza patients group (Shafran et al.,
2021).

Table (1): studies regarding the association of bacterial super-
infections to COVID-19 mrtality exressed in term of odd ration
Reference Odd ratio Study population
[61] 4.42(1.63-11.9) 100
[56] 2.54 (1.056.18) 590
[36] 2.7(1.2-5.9) 140
[62] 3.720 (1.992-6.950) 410
[63] 2.80(1.98-4.02) 1398
[58] 7.2 (4.25-9.05) 173

VI. CONCLUSIONS

Bacterial super-infection among hospitalized COVID-19
patients represents a non-recognized threat, especially
during the first wave of the pandemic. The prevalence of
bacterial super-infection is comparable with those observed
in previous influenza and SARS epidemics. A significant
contribution of bacterial super-infection, especially the
pulmonary to mortality of COVID-19 patients, was
observed clearly in the previous studies.

VII. LIMITS OF THE REVIEW

In this review, some studies concerning the prevalence
of bacterial super-infection were included, although there
was no clear discrimination between the bacterial super-
infection from colonization based on the CDC definition.
Only studies conducting bacterial culture or PCR to detect
bacterial infection in pulmonary samples were considered in
this review. Similarly, concerning the Prevalence of
secondary bacterial infection, that range only represents the
prevalence in ICU patients.
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