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Clinical outcomes in patients co‑infected 
with COVID‑19 and Staphylococcus aureus: 
a scoping review
Jenna R. Adalbert1,2*, Karan Varshney2,3, Rachel Tobin3 and Rafael Pajaro4 

Abstract 

Background:  Endemic to the hospital environment, Staphylococcus aureus (S. aureus) is a leading bacterial patho-
gen that causes deadly infections such as bacteremia and endocarditis. In past viral pandemics, it has been the prin-
cipal cause of secondary bacterial infections, significantly increasing patient mortality rates. Our world now combats 
the rapid spread of COVID-19, leading to a pandemic with a death toll greatly surpassing those of many past pandem-
ics. However, the impact of co-infection with S. aureus remains unclear. Therefore, we aimed to perform a high-quality 
scoping review of the literature to synthesize the existing evidence on the clinical outcomes of COVID-19 and S. 
aureus co-infection.

Methods:  A scoping review of the literature was conducted in PubMed, Scopus, Ovid MEDLINE, CINAHL, ScienceDi-
rect, medRxiv, and the WHO COVID-19 database using a combination of terms. Articles that were in English, included 
patients infected with both COVID-19 and S. aureus, and provided a description of clinical outcomes for patients were 
eligible. From these articles, the following data were extracted: type of staphylococcal species, onset of co-infection, 
patient sex, age, symptoms, hospital interventions, and clinical outcomes. Quality assessments of final studies were 
also conducted using the Joanna Briggs Institute’s critical appraisal tools.

Results:  Searches generated a total of 1922 publications, and 28 articles were eligible for the final analysis. Of the 
115 co-infected patients, there were a total of 71 deaths (61.7%) and 41 discharges (35.7%), with 62 patients (53.9%) 
requiring ICU admission. Patients were infected with methicillin-sensitive and methicillin-resistant strains of S. aureus, 
with the majority (76.5%) acquiring co-infection with S. aureus following hospital admission for COVID-19. Aside from 
antibiotics, the most commonly reported hospital interventions were intubation with mechanical ventilation (74.8 %), 
central venous catheter (19.1 %), and corticosteroids (13.0 %).

Conclusions:  Given the mortality rates reported thus far for patients co-infected with S. aureus and COVID-19, 
COVID-19 vaccination and outpatient treatment may be key initiatives for reducing hospital admission and S. aureus 
co-infection risk. Physician vigilance is recommended during COVID-19 interventions that may increase the risk of 
bacterial co-infection with pathogens, such as S. aureus, as the medical community’s understanding of these infection 
processes continues to evolve.

Keywords:  COVID-19, Staphylococcus aureus, Co-infection, Antibiotics, Hospitalization, Infection

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Upon passage of the March 11th anniversary of the offi-
cial declaration of the coronavirus disease 2019 (COVID-
19) pandemic [1], the causative severe acute respiratory 
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syndrome coronavirus 2 (SARS-CoV-2) pathogen has 
infected over 181  million individuals and resulted in 
more than 3.9 million deaths worldwide as of July 1, 2021 
[2]. In addition to rapid spread through high transmis-
sion rates [3], infection with COVID-19 can result in 
severe complications such as acute respiratory distress 
syndrome (ARDS), thromboembolic events, septic shock, 
and multi-organ failure [4]. In response to this novel 
virus, the clinical environment has evolved to accom-
modate the complexities of healthcare delivery in the 
pandemic environment [5]. Accordingly, a particularly 
challenging scenario for clinicians is the management 
of patients with common infections that may be com-
plicated by subsequent COVID-19 co-infection, or con-
versely co-infected with a pathogen following primary 
infection with COVID-19 [6]. Bacterial co-infection in 
COVID-19 patients may exacerbate the immunocom-
promised state caused by COVID-19, further worsening 
clinical prognosis [7].

Implicated as a leading bacterial pathogen in both com-
munity- and healthcare-associated infections, Staphy-
lococcus aureus (S. aureus) is commonly feared in the 
hospital environment for its risk of deadly outcomes such 
as endocarditis, bacteremia, sepsis, and death [8]. In past 
viral pandemics, S. aureus has been the principal cause 
of secondary bacterial infections, significantly increas-
ing patient mortality rates [9]. For viral influenza infec-
tion specifically, S. aureus co-infection and bacteremia 
has been associated with mortality rates of almost 50%, 
in contrast to the 1.4% morality rates observed in patients 
infected with influenza alone [10]. Given the parallels 
between the clinical presentation, course, and outcomes 
of influenza and COVID-19 viral infection [11], mortal-
ity rates in COVID-19 patients co-infected with S. aureus 
may reflect those observed in influenza patients. How-
ever, while recent studies have focused on the incidence 
and prevalence of COVID-19 and S. aureus co-infection, 
the clinical outcomes of patients co-infected with these 
two specific pathogens remains unclear given that exist-
ing studies consolidate S. aureus patient outcomes with 
other bacterial pathogens [12–14].

Given that the literature informing our knowledge of 
COVID-19 is a dynamic and evolving entity, the purpose 
of this scoping review is to evaluate the current body of 
evidence reporting the clinical outcomes of patients co-
infected with COVID-19 and S. aureus. To date, there has 
been no review focusing specifically on the clinical treat-
ment courses and subsequent outcomes of COVID-19 
and S. aureus co-infection. In response to the urgency of 
the pandemic state and high rates of COVID-19 hospital 
admissions, we aim to identify important areas for fur-
ther research and explore potential implications for clini-
cal practice.

Methods
Search strategy and study selection
To provide a scoping review of initial insight into the 
breadth of developing data on COVID-19 and S. aureus 
co-infection, we followed the five-stage methodology of 
scoping review practice presented by Levac, Colquhoun, 
and O’Brien [15]. In accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) extension for Scoping Reviews [16], we 
conducted electronic searches in PubMed, Scopus, Ovid 
MEDLINE, CINAHL, ScienceDirect, medRxiv (preprint), 
and the WHO COVID-19 database between July 3, 2021 
and July 16, 2021. Search terms were combined with the 
use of Boolean operators and included subject headings 
or key terms specific to COVID-19 (i.e. severe acute res-
piratory syndrome coronavirus 2 OR SARS-CoV2 OR 
2019 novel coronavirus OR 2019-nCoV OR coronavirus 
disease 2019 virus OR COVID-19 OR Wuhan coronavi-
rus) and Staphylococcus aureus (i.e. methicillin-resistant 
staphylococcus aureus OR MRSA OR methicillin-suscep-
tible Staphylococcus aureus OR MSSA OR staphylococ-
cal infections). A comprehensive list of our scoping terms 
and search strategies is included in the Appendix (Äddi-
tional file 1: Table  S1). Two independent, experienced 
reviewers (JA and KV) screened the titles and abstracts 
of eligible studies and performed full-text review on 
qualified selections. For this review, we broadly consid-
ered articles of any design that included patients infected 
with both COVID-19 and S. aureus, provided a descrip-
tion of the timeline and ultimate clinical outcomes for 
these patients (i.e. death or discharge from hospital) at 
study completion, and were available in English. Studies 
were excluded if they did not report final outcomes since 
our scoping review purpose was to evaluate the quality of 
existing literature that described the clinical course and 
mortality rate of patients co-infected with these patho-
gens. We excluded duplicate records and disagreements 
regarding study inclusion were resolved by consensus or 
feedback from the senior author.

Data extraction
For the final articles selected, we completed data extrac-
tion in duplicate, and any discrepancies were resolved 
through discussion or consult with the senior author. 
While several studies also included reports on patients 
infected with COVID-19 alone or co-infected with an 
alternative pathogen, we extracted data solely for patients 
with COVID-19 and S. aureus co-infection. Our data 
extraction items included study methodology, author 
and study location, type of staphylococcal species, onset 
of S. aureus infection, S. aureus culture site and infection 
source, patient sample size, age, gender, presentation, 
comorbidities or additional co-infections, prior history 
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of S. aureus infection, diagnostic findings, hospital treat-
ments and interventions, complications, total length of 
hospital admission, intensive care unit transfer, and final 
patient mortality outcomes upon study completion.

Data synthesis and analysis
Microsoft Excel 2016 (Redmond, WA, USA) was used to 
collect and chart data extracted from the studies that met 
the inclusion criteria. Data was synthesized and analyzed 
descriptively, with frequency counts performed for indi-
vidual and grouped study metrics. The purpose of syn-
thesizing the extracted information through this method 
was to create an overview of existing knowledge and 

identify gaps in the current literature on COVID-19 and 
S. aureus co-infection.

Quality assessment
Given that the majority of existing literature reporting 
outcomes data for COVID-19 and S. aureus co-infection 
were case reports, we utilized the Joanna Briggs Insti-
tute’s critical appraisal tools [17] to provide a metric for 
our scoping assessment of the methodological quality of 
the included studies. Application of these tools enabled 
examination of study quality in the areas of inclusion cri-
teria, sample size, description of study participants, set-
ting, and the appropriateness of the statistical analysis. 

Records identified from:
PubMed (n = 100)
Scopus (n = 644)
Ovid MEDLINE (n = 144)
CINAHL (n = 38)
ScienceDirect (n = 168)
WHO COVID-19 (n = 265)
medRxiv (n = 563)

Records removed before 
screening:

Duplicate records removed 
(n = 597)

Titles and abstracts screened
(n = 1325) Records excluded (n = 1233)

Full-text articles assessed for 
eligibility (n = 92)

Reports excluded (n = 64):

• Incidence or prevalence study 
with no patient-specific 
outcome data (n = 57)

• Not available in English (n = 3)
• History of S. aureus infection

but no current infection (n = 2)
• Genome analysis with no 

patient data (n = 2)

Studies included in review
(n = 28)

Identification of studies via databases 
Id

en
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n
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g
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ed

Fig. 1  Process of searching and selecting articlesincluded in the scoping review based on the PRISMA 2020 flow diagram
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As in previous reviews [18, 19], the tools were modified 
to produce a numeric score with case reports assessed 
based on an eight-item scale, case series on a ten-item 
scale, and cohort studies on an eleven-item scale. Studies 
were assessed with the methodological quality tool spe-
cific to their design (i.e. case report, case series, cohort) 
by two independent reviewers (JA and KV) and discrep-
ancies were resolved through discussion. While debate 
exists regarding the minimal number of patients required 
for study qualification as a “case series” [20], we consid-
ered studies reporting individual patient data as “case 
reports” and those reporting aggregate patient data as 
“case series.” Our complete quality assessment, including 
tools and scores, is available in the Appendix (Additional 
file 1: Tables S2–S4).

Results
Our search strategy produced a total of 1922 potential 
publications with patients co-infected by COVID-19 
and S. aureus.  For transparent and reproducible meth-
ods, the PRISMA 2020 flow diagram for new system-
atic reviews was utilized to display the search results 
of our scoping review (Fig.  1). Following deduplication 
(n = 597) and a comprehensive screen of study titles and 
abstracts for irrelevant material (n = 1233), we reviewed 
92 full texts for inclusion eligibility. Of these texts, 64 
did not include patient outcomes for COVID-19 and S. 
aureus co-infected patients: 57 were incidence or preva-
lence studies with no patient-specific outcomes data, 
two included patients with COVID-19 and a history of S. 
aureus infection but no current COVID-19 and S. aureus 
co-infection, two were genome analysis studies with no 
patient data, and three were unavailable in English (Addi-
tional file 1: Table S5).

Publication types and geography
Following full-text review, 28 studies qualified for inclu-
sion in our review, resulting in a total of 115 patients. 
Of these 28 included studies, 22 were case reports 
(describing single patients with individual data), two 
were case series (describing 7–42 patients with aggre-
gate data), and four were cohort studies (describing 
4–40 patients with aggregate data). Countries of study 
publication included the United States (n = 7) [7, 9, 
21–25], Italy (n = 7) [26–32], Japan (n = 2) [33, 34], 
Iran (n = 2) [35, 36], the United Kingdom (n = 2) [37, 
38], Spain (n = 2) [39, 40], Bahrain (n = 1) [41], China 
(n = 1) [42], France (n = 1) [43], the Philippines (n = 1) 
[44], Korea (n = 1) [45], and Canada (n = 1) [46], with 
publication dates ranging from April 15, 2020 to June 
16, 2021. Table 1 describes the characteristics of these 
included studies and available information on their 
respective patient demographics in detail.

Publication quality
Figure  2 represents the quality assessment scores pro-
duced by the Joanna Briggs Institute’s critical appraisal 
tools. Scores ranged from 2 to 8 for case reports (out of 8 
points total) (n = 22), 6–9 for case series (out of 10 points 
total) (n = 2), and 6–8 for cohort studies (out of 11 points 
total) (n = 4). The mean quality assessment score for 
these publications compared within their respective cat-
egories was 6.8 for case reports, 7.5 for case series, and 
7.3 for cohort studies. In terms of most common study 
design limitations, the metric of patient post-intervention 
clinical conditions was least clearly described for case 
reports, neither of the case series consecutively included 
participants, and strategies to address incomplete follow-
up were only reported for one of the four cohort studies.

Patient demographics
For the 115 total patients included in our review that 
were co-infected with COVID-19 and S. aureus, their 
demographic (Table 1) and clinical data (Table 2) were 
described with varying completeness. Staphylococ-
cal species and patient outcomes are reported in both 
tables to enable direct comparison with patient demo-
graphics and clinical course. Across our patient sam-
ple, the mean patient age was 54.8 years (SD = 21.6), 
65.3% (n = 75) were male, 32.1% (n = 37) were female, 
and 3 patients (2.6%) did not have their gender speci-
fied in the study. Patients presented with a diversity of 
comorbidities with diabetes mellitus (33.9%, n = 39), 
hypertension (32.2%, n = 37), and cardiovascular dis-
ease (28.7%, n = 33) reported as the most common. 
Five patients presented with no comorbidities and 
four studies reported no information on patient medi-
cal history related to comorbidities. The most com-
mon presenting symptoms reported by patients at 
hospital admission included cough (13.9%, n = 16), 
fever (13.9%, n = 16), and dyspnea (13.0%, n = 15).

Infection characteristics
In terms of specific staphylococcal species co-infec-
tion, 51.3% (n = 59) of patients were infected with 
methicillin-sensitive staphylococcus aureus (MSSA) 
and 49.6% (n = 57) were infected with methicillin-
resistant staphylococcus aureus (MRSA), with a sin-
gle patient co-infected with both MRSA and MSSA. 
One patient co-infected with MSSA had a fatal Pan-
ton-Valentine Leukocidin toxin-producing strain of 
MSSA (PVL-MSSA). In addition to COVID-19 and 
S. aureus co-infection, 26.1% (n = 30) of patients 
were co-infected with one or more separate patho-
gens such as Klebsiella pneumoniae (n = 6), Candida 
spp. (n = 6), Enterococcus spp. (n = 5), Haemophilus 



Page 5 of 17Adalbert et al. BMC Infect Dis          (2021) 21:985 	

Ta
bl

e 
1 

St
ud

y 
an

d 
pa

tie
nt

 c
ha

ra
ct

er
is

tic
s

Fi
rs

t A
ut

ho
r

Co
un

tr
y

Pu
bl

ic
at

io
n 

da
te

St
ud

y 
de

si
gn

Q
ua

lit
y 

A
ss

es
sm

en
t

N
A

ge
M

al
e/

Fe
m

al
e

Ty
pe

Co
-in

fe
ct

io
n

Co
m

or
bi

di
tie

s
O

ut
co

m
e

A
da

ch
i

Ja
pa

n
05

/1
5/

20
Ca

se
 re

po
rt

8/
8

1
84

Fe
m

al
e

M
SS

A
Kl

eb
sie

lla
 p

ne
u-

m
on

ia
e

N
on

e
D

ea
th

Ba
gn

at
o

Ita
ly

08
/0

5/
20

Ca
se

 re
po

rt
8/

8
1

62
Fe

m
al

e
M

SS
A

Ca
nd

id
a 

tr
op

ic
al

is
H

yp
er

te
ns

io
n

D
is

ch
ar

ge

C
ha

nd
ra

n
U

ni
te

d 
Ki

ng
do

m
05

/2
0/

21
Ca

se
 re

po
rt

7/
8

1
N

R
Fe

m
al

e
M

SS
A

N
on

e
Ty

pe
 2

 d
ia

be
te

s 
m

el
lit

us
D

ea
th

C
he

n
C

hi
na

11
/0

1/
20

Ca
se

 re
po

rt
6/

8
1

29
M

al
e

M
SS

A
 a

nd
 M

RS
A

H
ae

m
op

hi
lu

s 
in

flu
en

za
e

N
R 

(n
ot

 re
po

rt
ed

)
D

is
ch

ar
ge

C
ho

ud
hu

ry
U

SA
07

/0
4/

20
Ca

se
 re

po
rt

7/
8

1
73

M
al

e
M

SS
A

N
on

e
Ty

pe
 2

 d
ia

be
te

s 
m

el
lit

us
, c

hr
on

ic
 

fo
ot

 o
st

eo
m

ye
lit

is
, 

ao
rt

ic
 s

te
no

si
s, 

pr
os

th
et

ic
 a

or
tic

 
va

lv
e,

 a
tr

ia
l fi

br
ill

a-
tio

n,
 p

rio
r S

. a
ur

eu
s 

in
fe

ct
io

n

H
os

pi
ce

Cu
su

m
an

o
U

SA
11

/1
2/

20
Ca

se
 s

er
ie

s
9/

10
42

65
.6

 (m
ea

n)
M

al
es

 (n
 =

 2
1)

, 
Fe

m
al

es
 (n

 =
 2

1)
M

SS
A

 (n
 =

 2
3)

 a
nd

 
M

RS
A

 (n
 =

 1
9)

En
te

ro
co

cc
us

 fa
ec

a-
lis

 (n
 =

 3
), 

Ca
nd

id
a 

sp
p.

 (n
 =

 2
), 

Kl
eb

-
sie

lla
 p

ne
um

on
ia

e 
(n

 =
 2

), 
Es

ch
er

ia
 

co
li 

(n
 =

 1
), 

Ba
ci

llu
s 

sp
p.

 (n
 =

 1
), 

M
ic

ro
-

co
cc

us
 s

pp
. (

n 
=

 1
), 

St
ap

hy
lo

co
cc

us
 

ep
id

er
m

id
is 

(n
 =

 1
), 

Pr
ot

eu
s m

ira
bi

lis
 

(n
 =

 1
)

H
yp

er
te

ns
io

n 
(n

 =
 2

9)
, d

ia
be

te
s 

m
el

lit
us

 (n
 =

 2
1)

, 
ca

rd
io

va
sc

ul
ar

 d
is

-
ea

se
 (n

 =
 1

9)
, l

un
g 

di
se

as
e 

(n
 =

 7
), 

ch
ro

ni
c 

ki
dn

ey
 

di
se

as
e 

(n
 =

 6
), 

m
al

ig
na

nc
y 

(n
 =

 5
), 

en
d-

st
ag

e 
re

na
l d

is
ea

se
 

(n
 =

 4
), 

or
ga

n 
tr

an
sp

la
nt

 (n
 =

 3
), 

liv
er

 d
is

ea
se

 (n
 =

 1
)

D
ea

th
 a

t 3
0 

da
ys

 
(n

 =
 2

8)

D
e 

Pa
sc

al
e

Ita
ly

05
/3

1/
21

Pr
os

pe
ct

iv
e 

co
ho

rt
8/

11
40

64
 (m

ea
n)

M
al

es
 (n

 =
 3

3)
, 

Fe
m

al
es

 (n
 =

 7
)

M
SS

A
 (n

 =
 1

4)
, 

M
RS

A
 (n

 =
 2

6)
Ba

ct
er

oi
de

te
s 

(n
 =

 1
8)

, P
ro

te
o-

ba
ct

er
ia

 (n
 =

 7
), 

A
ct

in
ob

ac
te

ria
 

(n
 =

 3
), 

Te
ne

ric
ut

es
 

(n
 =

 2
), 

Fu
so

ba
ct

e-
ria

 (n
 =

 1
)1

D
ia

be
te

s 
m

el
lit

us
 

(n
 =

 8
), 

ca
rd

io
-

va
sc

ul
ar

 d
is

ea
se

 
(n

 =
 7

), 
lu

ng
 

di
se

as
e 

(n
 =

 7
), 

im
m

un
os

up
-

pr
es

si
on

 (n
 =

 4
), 

ne
op

la
sm

 (n
 =

 4
), 

ch
ro

ni
c 

ki
dn

ey
 

di
se

as
e 

(n
 =

 3
)

D
ea

th
 (n

 =
 2

6)

D
up

lo
ye

z
Fr

an
ce

04
/1

6/
20

Ca
se

 re
po

rt
8/

8
1

35
M

al
e

M
SS

A
 (P

VL
-

se
cr

et
in

g)
N

on
e

N
on

e
D

ea
th

Ed
ra

da
Ph

ili
pp

in
es

05
/0

7/
20

Ca
se

 re
po

rt
6/

8
1

39
Fe

m
al

e
M

SS
A

In
flu

en
za

 B
, K

le
b-

sie
lla

 p
ne

um
on

ia
e

N
on

e
D

is
ch

ar
ge

El
Se

ira
fi

Ba
hr

ai
n

06
/2

3/
20

Ca
se

 re
po

rt
6/

8
1

59
M

al
e

M
RS

A
N

on
e

N
R

D
ea

th

Fi
lo

ca
m

o
Ita

ly
05

/1
1/

20
Ca

se
 re

po
rt

8/
8

1
50

M
al

e
M

SS
A

N
on

e
N

on
e

D
is

ch
ar

ge

H
am

za
vi

Ira
n

08
/0

1/
20

Ca
se

 re
po

rt
6/

8
1

14
M

al
e

M
SS

A
N

on
e

Ce
re

br
al

 p
al

sy
D

ea
th



Page 6 of 17Adalbert et al. BMC Infect Dis          (2021) 21:985 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Fi
rs

t A
ut

ho
r

Co
un

tr
y

Pu
bl

ic
at

io
n 

da
te

St
ud

y 
de

si
gn

Q
ua

lit
y 

A
ss

es
sm

en
t

N
A

ge
M

al
e/

Fe
m

al
e

Ty
pe

Co
-in

fe
ct

io
n

Co
m

or
bi

di
tie

s
O

ut
co

m
e

H
os

hi
ya

m
a

Ja
pa

n
11

/0
2/

20
Ca

se
 s

er
ie

s
6/

10
1

47
M

al
e

M
SS

A
N

on
e

Pr
ev

io
us

 c
er

eb
ra

l 
he

m
or

rh
ag

e
D

is
ch

ar
ge

“”
“”

“”
“”

“”
1

39
M

al
e

M
SS

A
G

ro
up

 B
 S

tr
ep

to
co

c-
cu

s
H

yp
er

te
ns

io
n

D
is

ch
ar

ge

H
us

sa
in

U
ni

te
d 

Ki
ng

do
m

05
/2

2/
20

Ca
se

 re
po

rt
8/

8
1

69
Fe

m
al

e
M

SS
A

N
on

e
Pr

os
th

et
ic

 a
or

tic
 

va
lv

e 
w

ith
 re

du
ce

d 
ej

ec
tio

n 
fra

ct
io

n

D
ea

th

Le
ve

sq
ue

Ca
na

da
07

/0
1/

20
Ca

se
 re

po
rt

6/
8

1
53

Fe
m

al
e

M
SS

A
N

on
e

H
yp

er
te

ns
io

n,
 

di
ab

et
es

 m
el

lit
us

, 
dy

sl
ip

id
em

ia

H
os

pi
ta

l

M
irz

a
U

SA
11

/1
6/

20
Ca

se
 re

po
rt

6/
8

1
29

M
al

e
M

RS
A

M
ul

ti-
dr

ug
 re

si
st

-
an

t P
se

ud
om

on
as

Cy
st

ic
 fi

br
os

is
 w

ith
 

m
od

er
at

e 
ob

st
ru

c-
tiv

e 
lu

ng
 d

is
ea

se
, 

ex
oc

rin
e 

pa
nc

re
-

at
ic

 in
su

ffi
ci

en
cy

, 
ga

st
ro

pa
re

si
s, 

ch
ro

ni
c 

S.
 a

ur
eu

s

D
is

ch
ar

ge

Pa
te

k
U

SA
04

/1
5/

20
Ca

se
 re

po
rt

7/
8

1
0

M
al

e
M

SS
A

H
er

pe
s 

si
m

pl
ex

 
vi

ru
s

M
at

er
na

l h
is

to
ry

 
of

 o
ra

l h
er

pe
tic

 
le

si
on

s

D
is

ch
ar

ge

Po
st

er
ar

o
Ita

ly
09

/0
6/

20
Ca

se
 re

po
rt

8/
8

1
79

M
al

e
M

RS
A

M
or

ga
ne

lla
 

m
or

ga
ni

i, 
Ca

nd
id

a 
gl

ab
ra

ta
, A

ci
ne

to
-

ba
ct

er
 b

au
m

an
ni

i, 
Pr

ot
eu

s m
ira

bi
lis

, 
Kl

eb
sie

lla
 p

ne
um

o-
ni

ae
, E

sc
he

ric
hi

a 
co

li

Ty
pe

 2
 d

ia
be

te
s 

m
el

lit
us

, i
sc

he
m

ic
 

he
ar

t d
is

ea
se

, 
pe

rip
he

ra
l a

rt
er

y 
di

se
as

e,
 le

ft
 le

g 
am

pu
ta

tio
n

D
ea

th

Ra
jd

ev
U

SA
09

/1
0/

20
Ca

se
 re

po
rt

7/
8

1
32

M
al

e
M

SS
A

Kl
eb

sie
lla

 p
ne

u-
m

on
ia

e
Ty

pe
 2

 d
ia

be
te

s 
m

el
lit

us
D

is
ch

ar
ge

Ra
jd

ev
U

SA
09

/2
8/

20
Ca

se
 re

po
rt

7/
8

1
36

M
al

e
M

SS
A

H
ae

m
op

hi
lu

s 
in

flu
en

za
e

H
yp

er
te

ns
io

n,
 tw

o 
re

na
l t

ra
ns

pl
an

ts
 

fo
r r

en
al

 d
ys

pl
as

ia

D
is

ch
ar

ge

Ra
m

os
-M

ar
tin

ez
Sp

ai
n

07
/3

0/
20

Pr
os

pe
ct

iv
e 

co
ho

rt
6/

11
1

60
N

R
M

SS
A

N
on

e
Ty

pe
 2

 d
ia

be
te

s 
m

el
lit

us
, h

yp
er

-
ch

ol
es

te
ro

le
m

ia
, 

w
ris

t a
rt

hr
iti

s, 
st

er
no

cl
av

ic
ul

ar
 

ar
th

rit
is

D
ea

th

Ra
nd

al
l

U
SA

12
/0

1/
20

Ca
se

 re
po

rt
7/

8
1

60
M

al
e

M
RS

A
N

on
e

C
hr

on
ic

 o
bs

tr
uc

-
tiv

e 
lu

ng
 d

is
ea

se
, 

co
ro

na
ry

 a
rt

er
y 

di
se

as
e,

 h
yp

ot
hy

-
ro

id
is

m

D
ea

th



Page 7 of 17Adalbert et al. BMC Infect Dis          (2021) 21:985 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

Fi
rs

t A
ut

ho
r

Co
un

tr
y

Pu
bl

ic
at

io
n 

da
te

St
ud

y 
de

si
gn

Q
ua

lit
y 

A
ss

es
sm

en
t

N
A

ge
M

al
e/

Fe
m

al
e

Ty
pe

Co
-in

fe
ct

io
n

Co
m

or
bi

di
tie

s
O

ut
co

m
e

“”
“”

“”
“”

“”
1

83
M

al
e

M
RS

A
N

on
e

H
yp

er
te

ns
io

n,
 

at
ria

l fi
br

ill
at

io
n

D
ea

th

“”
“”

“”
“”

“”
1

60
M

al
e

M
RS

A
H

ep
at

iti
s 

C
H

yp
er

te
ns

io
n,

 
ty

pe
 2

 d
ia

be
te

s 
m

el
lit

us
, c

irr
ho

si
s

D
ea

th

Re
ga

zz
on

i
Ita

ly
08

/0
7/

20
Ca

se
 re

po
rt

2/
8

1
70

M
al

e
M

SS
A

N
on

e
N

R
H

os
pi

ta
l

Sh
ar

ifi
po

ur
Ira

n
09

/0
1/

20
Pr

os
pe

ct
iv

e 
co

ho
rt

7/
11

1
N

R
N

R
M

SS
A

N
on

e
N

on
e

D
is

ch
ar

ge

“”
“”

“”
“”

1
N

R
N

R
M

RS
A

N
on

e
Ty

pe
 2

 d
ia

be
te

s 
m

el
lit

us
D

ea
th

So
n

Ko
re

a
06

/1
6/

21
Re

tr
os

pe
ct

iv
e 

co
ho

rt
8/

11
4

79
 (m

ea
n)

M
al

e 
(n

 =
 3

), 
Fe

m
al

e 
(n

 =
 1

)
M

RS
A

C.
 a

lb
ic

an
s (

n 
=

 2
), 

Va
nc

om
yc

in
-

re
si

st
an

t e
nt

er
o-

co
cc

i (
n 
=

 2
), 

S.
 

m
al

to
ph

ili
a 

(n
 =

 1
) 

ca
rb

ap
en

em
-

re
si

st
an

t A
ci

ne
to

-
ba

ct
er

 b
au

m
an

ni
i 

(n
 =

 1
),

N
R

D
ea

th
 (n

 =
 3

)

Sp
an

ne
lla

Ita
ly

06
/2

3/
20

Ca
se

 re
po

rt
8/

8
1

95
Fe

m
al

e
M

SS
A

Ci
tr

ob
ac

te
r w

er
k-

m
an

ii
H

yp
er

te
ns

io
n,

 
ch

ro
ni

c 
he

ar
t 

fa
ilu

re
, p

ar
ox

ys
m

al
 

at
ria

l fi
br

ill
at

io
n,

 
dy

sl
ip

id
em

ia
, 

ch
ro

ni
c 

ki
dn

ey
 

di
se

as
e,

 v
as

cu
la

r 
de

m
en

tia
, s

ac
ra

l 
pr

es
su

re
 u

lc
er

s, 
dy

sp
ha

gi
a

D
ea

th

Sp
ot

o
Ita

ly
09

/3
0/

20
Ca

se
 re

po
rt

6/
8

1
55

Fe
m

al
e

M
SS

A
N

on
e

Tr
ip

le
 n

eg
at

iv
e,

 
BR

CA
1-

re
la

te
d,

 
rig

ht
 b

re
as

t c
an

ce
r 

w
ith

 m
ul

tip
le

 
bo

ne
 m

et
as

ta
si

s, 
ty

pe
 2

 d
ia

be
te

s 
m

el
lit

us

D
ea

th

Va
lg

a
Sp

ai
n

06
/1

1/
20

Ca
se

 re
po

rt
6/

8
1

68
M

al
e

M
SS

A
N

on
e

H
yp

er
te

ns
io

n,
 ty

pe
 

2 
di

ab
et

es
 m

el
-

lit
us

, c
on

ge
st

iv
e 

he
ar

t f
ai

lu
re

, s
le

ep
 

ap
ne

a,
 is

ch
em

ic
 

he
ar

t d
is

ea
se

, 
ch

ro
ni

c 
ki

dn
ey

 
di

se
as

e

D
is

ch
ar

ge

Pa
tie

nt
s 

w
er

e 
co

lo
ni

ze
d 

w
ith

 th
es

e 
ba

ct
er

ia
l p

hy
la

, b
ut

 n
o 

di
st

in
ct

io
n 

be
tw

ee
n 

co
lo

ni
za

tio
n 

ve
rs

us
 in

fe
ct

io
n 

w
as

 re
po

rt
ed



Page 8 of 17Adalbert et al. BMC Infect Dis          (2021) 21:985 

influenzae (n = 2), Proteus mirabilis (n = 2), Escheri-
chia coli (n = 2). Comprehensive patient co-infection 
data are reported in Table 1.

Diagnoses and treatments
Of all 115 reported cases of co-infection with COVID-
19 and S. aureus, diagnosis of S. aureus infection was 
most frequently established by blood culture in our 
patient sample (64.3%, n = 74), with S. aureus infec-
tions manifesting predominantly in patients as bacte-
remia (64.3%, n = 74) and pneumonia (55.7%, n = 64), 
accompanied by several additional endocarditis/vas-
culitis (3.5%, n = 4), cellulitis (1.7%, n = 2), and osteo-
myelitis (0.9%, n = 1) cases. Additionally, two patients 
that tested positive for S. aureus with no clear infec-
tion source were suspected to be chronic carriers of 
the bacterial pathogen. From this variety of infection 
presentations, the majority (76.5%, n = 88) experi-
enced hospital-onset S. aureus co-infection following 
hospitalization for an initial infection with COVID-
19, and 19 patients (16.5%) presented with S. aureus 
infection at the time of admission that was deter-
mined to be community-onset in etiology. Aside from 
a standard course of antibiotics, patients received 
a diversity of adjuvant treatments during their hos-
pital admission, with the most common interven-
tions including intubation and mechanical ventilation 
(74.8%, n = 86), a central venous catheter (19.1%, 
n = 22), and corticosteroids (13.0%, n = 15). Table  2 
describes the clinical course following hospital admis-
sion for each patient in comprehensive detail.

Complications and outcomes
During the hospital course of the 115 co-infected 
patients in our review, the most common complica-
tions were sepsis or systemic inflammatory response 
syndrome (23.5 %, n = 27), acute kidney injury (5.2%, 
n = 6), acute respiratory distress syndrome (4.3%, 
n = 5), pneumonia (4.3%, n = 5), and multi-organ dys-
function or failure (4.3%, n = 5). Transfer to an inten-
sive care unit during admission was clearly reported 
for 53.9% (n = 62) of patients, unnecessary for 4.3% 
(n = 5), and not reported for the remaining 41.8% 
(n = 48). Patients were admitted for a mean length of 
26.2 days (SD = 26.7) to any type of inpatient hospital 
unit, with the length of hospital stay not reported in 
five cases. Upon analysis of the final outcomes reported 
for the hospital course of our co-infected COVID-19 
and S. aureus patient sample, 71 (61.7%) patients died, 
41 (35.7%) were discharged, two remained hospital-
ized and in stable condition on study conclusion, and 
one patient was placed in hospice care. Table 2 further 
details the specific complications presenting in each 
patient’s hospital trajectory and Table  3 reports the 
final pooled frequencies of patient co-infection charac-
teristics and outcomes.

Discussion
As our evidence base of the outcomes of patients with 
COVID-19 infection continues to expand, thorough 
review of the various clinical scenarios and environments 
inherent to the treatment process of this disease are 
crucial for patient care management and improvement. 

Fig. 2  Quality assessment scores for includedpublications reported as “yes” or “no” for achieving quality metrics per theJoanna Briggs Institute’s 
critical appraisal tools
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Given that higher levels of morbidity and death have 
been observed in influenza patients co-infected with 
multiple pathogens during past pandemics [47], explor-
ing the outcomes of co-infected COVID-19 patients may 
establish similar trends and reveal strategies for decreas-
ing the morbidity and mortality of this population in 
our current pandemic. Our review of the available clini-
cal data reporting the outcomes of patients co-infected 
with COVID-19 and the common bacterial pathogen, S. 
aureus, was purposed to augment this knowledge base 
and has produced several key findings regarding mortal-
ity rate, co-infection onset, and treatment considerations 
for these patients.

Foremost, the mortality rate in our review for 
patients co-infected with COVID-19 and S. aureus was 
61.7%, which depicts a significantly increased mortal-
ity rate when contrasted with patients infected solely 
by COVID-19 [48]. This outcome is comparable to the 
increased morality rates observed in patients acquir-
ing co-infection with S. aureus in addition to influenza 
[10], however, our findings emphasize an important 
difference in the etiology of COVID-19 and influenza 

Table 3  Pooled frequencies of patient co-infection 
characteristics and outcomes (n = 115)

Total (%)

Gender

 Male 75 (65.3 )

 Female 37 (32.1)

 Unspecified 3 (2.6)

Staphylococcal Species

 MSSA 59 (51.3)

 MRSA 57 (49.6)

Co-infection

Klebsiella pneumoniae 6 (5.2)

 Candida spp. 6 (5.2)

 Enterococcus spp. 5 (4.3)

Hemophilus influenzae 2 (1.7)

Escherichia coli 2 (1.7)

Proteus mirabilis 2 (1.7)

Acinetobacter baumannii 2 (1.7)

 Bacillus spp. 1 (0.9)

Staphylococcus epidermidis 1 (0.9)

 Micrococcus spp. 1 (0.9)

 Pseudomonas spp. 1 (0.9)

Morganella morganii 1 (0.9)

Citrobacter werkmanii 1 (0.9)

S. maltophilia 1 (0.9)

 Hepatitis C 1 (0.9)

 Herpes simplex virus 1 (0.9)

 Group B Streptococcus 1 (0.9)

 None 83 (72.2)

S. Aureus Diagnostic Test

 Blood culture 74 (64.3)

 Tracheal aspirate 46 (40.0)

 Sputum sample 11 (9.5)

 Nasal swab 2 (1.7)

 Lower respiratory tract sample 2 (1.7)

 Chronic carrier 2 (1.7)

 Wound culture 1 (0.9)

S. aureus Diagnosis

 Bacteremia 74 (63.4)

 Pneumonia 64 (55.7)

 Ventilator-associated 44 (38.3)

 Endocarditis/vasculitis 4 (3.5)

 Cellulitis 2 (1.7)

 Chronic carrier 2 (1.7)

 Osteomyelitis 1 (0.9)

 Not reported 2 (1.7)

S. AureusInfection Onset

 Hospital 88 (76.5)

 Community 19 (16.5)

 Unclear 7 (6.1)

Complications

 Sepsis/Systemic Inflammatory Response Syndrome 27 (23.5)

Table 3  (continued)

Total (%)

 Acute kidney injury 6 (5.2 

 Acute respiratory distress syndrome 5 (4.3)

 Pneumonia 5 (4.3)

 Multi-organ dysfunction/failure 5 (4.3)

 Bleeding/coagulopathy 5 (4.3)

 Hypoxic respiratory failure 3 (2.6)

 Myopathy/neuropathy 3 (2.6)

 Abscess formation 2 (1.7)

 Confusion and altered mental status 2 (1.7)

 Atrial fibrillation 2 (1.7)

 Endocarditis 2 (1.7)

 Anemia 1 (0.9)

 Cardiac arrest 1 (0.9)

 Thrombocytopenia 1 (0.9)

 Re-amputation 1 (0.9)

 Cholestatic liver injury 1 (0.9)

 Not reported 3 (2.6)

ICU

 Yes 62 (53.9)

 No 5 (4.3)

 Not reported 48 (41.8)

Outcome

 Death 71 (61.7)

 Discharge 41 (35.7)

 Hospital 2 (1.7)

 Hospice 1 (0.9)
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co-infection with S. aureus. For influenza specifically, 
co-infection with S. aureus is predominantly diag-
nosed upon patient presentation to a healthcare set-
ting, indicating that the community is a frequent and 
supportive environment for the co-infection processes 
of these pathogens [9, 49]. In contrast, our findings 
indicate that co-infection with S. aureus predomi-
nantly occurs in the hospital environment for patients 
with COVID-19 infection. The terminology used to 
differentiate these infection etiologies is “community-
associated” versus “healthcare-associated,” with delin-
eation between these diagnoses occurring at 48-hours 
after admission to a hospital or healthcare facility [50]. 
Given that co-infection with COVID-19 and S. aureus 
occurred after hospital admission in 76.5% of the 
patients in our review, preventative measures in the 
community-setting or treatment in an outpatient envi-
ronment may be important considerations for mor-
tality reduction from healthcare-associated S. aureus 
infection.

Importantly, while the predominance of S. aureus co-
infections occurring after patient admission for COVID-
19 infection is likely associated with a wide diversity of 
patient- and environment-specific factors, our find-
ings suggest that this infection sequence may be partly 
attributed to the COVID-19 treatment course. The most 
common patient interventions identified in our review 
included intubation and mechanical ventilation, cen-
tral venous catheter placement, and corticosteroids, 
which are each associated with increased risks of bacte-
rial infection through introduction of a foreign body or 
immunosuppressive properties that dually support bac-
terial growth [51, 52]. Although these first-line treat-
ments for decompensating patients that present with 
severe COVID-19 infection may predispose patients to S. 
aureus bacterial co-infection and subsequently increased 
mortality rates, they are often unavoidable during the 
patient treatment course. Vigilant management sur-
rounding these interventions in patients with COVID-19 
infection, such as timely central line or ventilator removal 
and prudent steroid dosing, are key quality improvement 
practices that warrant routine physician adherence dur-
ing patient treatment processes given co-infection mor-
tality rates.

In contrast to COVID-19 infection alone, the increased 
patient morbidity and mortality of COVID-19 and 
healthcare-associated S. aureus co-infection identified 
in our review have important implications for future 
research and clinical practice. While of clear and crucial 
public health importance, our findings further empha-
size the imperative of COVID-19 vaccination to reduce 
both infection and symptom severity that may predis-
pose patients to the necessity of hospital interventions 

and subsequent S. aureus co-infection. The effectiveness 
of this strategy is exemplified by the reduction in influ-
enza and S. aureus pathology observed with increased 
influenza vaccination [53, 54]. As seen with influenza co-
infection, vaccination may be a crucial harm reduction 
measure given that no S. aureus prophylaxis exists, and 
the incidence of S. aureus strains refractory to antibiotics 
is rising [55]. Additionally, the mortality trends observed 
in COVID-19 patients co-infected with S. aureus high-
light the necessity for future reviews and clinical studies 
focused on the co-infection outcomes of other bacte-
rial and viral pathogens alongside COVID-19. Further 
research may inform our ability to predict the trajectory 
of patients with various co-infections and identify infec-
tion patterns that influence treatment decisions.

To our knowledge, this is the first study to review 
and evaluate the outcomes of patients co-infected with 
COVID-19 and S. aureus. However, we acknowledge 
several limitations to this review. First, the majority of 
the studies included in our review were individual case 
reports due to the recent emergence of COVID-19 and 
limited literature exploring outcomes for patients co-
infected with S. aureus. While these types of studies can 
be vital for expanding the medical knowledge base and 
reveal fundamental disease characteristics, it is crucial 
to consider the reporting bias that may exist in this study 
design and lack of comparison groups. Per our quality 
assessment, trends in study limitations for each type of 
publication were variable.  Accordingly, our intent for 
this review was to pool these outcomes in order to reduce 
this bias and transparently report each case for appropri-
ate assessment and application of our findings. In addi-
tion, Cusumano et  al.’s [9] case series comprised 42 of 
the patients in our review and used a study end-point of 
death at 30 days, implicating that the true mortality rate 
of patients with COVID-19 and S. aureus co-infection 
may be higher if related complications necessitate an 
extended hospital course. Future high-quality clinical 
studies examining patient outcomes are warranted and of 
critical importance to further expand on the findings of 
our systematic review.

Conclusion
In contrast to patients infected solely with COVID-
19, co-infection with COVID-19 and S. aureus dem-
onstrates a higher patient mortality rate during 
hospital admission. S. aureus co-infection in COVID-
19 patients is predominantly healthcare-associated, and 
common hospital interventions for patients with severe 
COVID-19 infection may increase the risk for bacte-
rial infection. Our findings emphasize the imperative 
of COVID-19 vaccination to prevent hospitalization for 
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COVID-19 treatment and the subsequent susceptibility 
to hospital-acquired S. aureus co-infection.
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