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Abstract

Background and Aims: Alteration in humans' gut microbiota was reported in patients

infected with severe acute respiratory syndrome coronavirus‐2 (SARS‐CoV‐2). The

gut and upper respiratory tract (URT) microbiota harbor a dynamic and complex

population of microorganisms and have strong interaction with host immune system

homeostasis. However, our knowledge about microbiota and its association with

SARS‐CoV‐2 is still limited. We aimed to systematically review the effects of gut

microbiota on the SARS‐CoV‐2 infection and its severity and the impact that

SARS‐CoV‐2 could have on the gut microbiota.

Methods: We searched the keywords in the online databases of Web of Science,

Scopus, PubMed, and Cochrane on December 31, 2021. After duplicate removal, we

performed the screening process in two stages; title/abstract and then full‐text

screening. The data of the eligible studies were extracted into a pre‐designed word

table. This study adhered to the PRISMA checklist and Newcastle−Ottawa Scale

Bias Assessment tool.

Results: Sixty‐three publications were included in this review. Our study shows that

among COVID‐19 patients, particularly moderate to severe cases, the gut and lung

microbiota was different compared to healthy individuals. In addition, the severity,

and viral load of COVID‐19 disease would probably also be influenced by the gut,

and lung microbiota's composition.

Conclusion: Our study concludes that there was a significant difference in the

composition of the URT, and gut microbiota in COVID‐19 patients compared to the

general healthy individuals, with an increase in opportunistic pathogens. Further,

research is needed to investigate the probable bidirectional association of

COVID‐19 and human microbiome.
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1 | INTRODUCTION

At the early ages of human life, diverse viruses, bacteria, and fungi

colonize the skin, oral cavity, and gut. These microorganisms are known

as the “human microbiota”1,2 The various microorganisms that colonize

the gastrointestinal (GI) tract in a complex and dynamic ecosystem are

termed the “gut microbiota.”3,4 The number of microorganisms inhabiting

the GI tract is estimated to surpass 1014, which have ten times more

bacterial cells than the number of human cells and about 150 times more

genes (microbiome) than the human genome.3,5

The eubiosis is defined as an interspecies balance of the

microbiota community that is dominated by members of mostly

these four bacterial phyla, including1 Actinobacteria,2 Bacteroidetes,3

Firmicutes, and4 Proteobacteria. Any change in gut bacterial

composition or disruptions in the hemostasis of gut microbiota is

called “dysbiosis.”6 During human life, gut microbiota provide

numerous benefits, such as food digestion, crucial vitamins produc-

tion, biliary acids deconjugation, and other essential biochemical

benefits.4,7 The gut microbiota also interacts with the immune system

by controlling the pathogens load with direct competition for limited

nutrients, and has recently been shown to have a regulatory

relationship with organs such as the lung, known as the “gut‐lung

axis.”8,9 For instance, more than 50% of patients with inflammatory

bowel disease (IBD) and 33% of patients with irritable bowel

syndrome are prone to respiratory disorders due to dysbiosis without

a history of chronic or acute respiratory disease.10,11

The novel corona virus which triggered severe acute respiratory

syndrome coronavirus‐2 (SARS‐CoV‐2),12,13 also showed to have

effects on GI and upper respiratory tract (URT) microbiota and

frequent symptoms were anorexia, diarrhea, nausea/vomiting, and

abdominal pain.14–16 Few studies discovered dysbiosis and a rise

in GI opportunistic microorganisms in patients infected with

SARS‐CoV‐2 that suggested a possible link between the gut‐lung

axis and SARS‐CoV‐2.17,18

The human URT is the main entrance for aerosol transmission of

infection, including SARS‐CoV‐2, and is a notable reservoir of

SARS‐CoV‐2.19,20 The most frequent microbiotas in the oral and

URT are the Streptococcus spp.21 COVID‐19 also has a notable

effect on lung microbiota, especially with potential dysbiosis and a

rise in opportunistic microorganisms in URT.22,23

An obvious association exists between the overall health of the gut

microbiome and the progression of COVID‐19. Additionally, the altered

gut microbiota has been shown to persist in patients even after several

days up to 6 months after clearance of COVID‐19.24,25 Also, poor

outcome were reported in elderly or comorbid patients.26,27 Recently,

several studies discussed the factors associated with the dysbiosis in

COVID‐19 patients manifesting GI symptoms. According to some

research, increased inflammation may lead to a “leaky gut,” which permit

the transfer of bacterial metabolites and toxins into the systemic

circulation.27 This might cause further complications to the severe

COVID‐19 patients.24 Besides, interventions targeting to re‐establish a

correct microbiota composition are important for developing a more

comprehensive approach to managing COVID‐19.28

Therefore, reviews and critical assessments of the rapidly

developing research evidence on this significantly important issue

are extremely necessary. Accordingly, we aimed to systematically

review the effects of gut microbiota on the SARS‐CoV‐2 infection

and its severity and also the impact that SARS‐CoV‐2 could have on

the gut microbiota.

2 | METHODS

To ensure the goals, this study adheres to the Preferred Reporting

Items for Systematic Reviews and Meta‐Analyses (PRISMA) checklist.

2.1 | Data sources

We first found the related keywords using the previously published

studies and the medical subject heading (MeSH) database. After

designing a search strategy, we searched the keywords in the

databases of Web of Science, Scopus, PubMed, and Cochrane on

December 31, 2021. Supporting Information Material 1 contains the

search strategies for all the databases. The search terms for PubMed

areas below:

1. “Novel coronavirus” or “2019‐nCoV” or “SARS‐CoV‐2” or

“COVID‐19” or “SARS‐CoV2” [Title/Abstract]

2. “Gut microbiota” or “Microbiota” or “Gastrointestinal microbiome”

or “Microbiome” or “Microflora” or “Probiotics” or “Prebiotics” or

“Microbial Community” [Title/Abstract]

3. [A] AND [B].

2.2 | Study selection

The eligible studies were selected in two steps. First, four researchers

screened and selected the studies based on the relevancy of titles

and abstracts. In the second step, the same group of researchers

went through the full texts of the remaining studies and selects the

most relevant studies against the eligibility criteria of the present

study. Any disagreements between the researchers were addressed

by another independent researcher to resolve the inconsistencies in

the results.

The original studies that evaluated the relationship between gut

microbiota and COVID‐19 (either the effect of microbiota on the

COVID‐19 or the effect of SARS‐CoV‐2 on microbiota) were

considered eligible.

The exclusion criteria were as follows:

1. Abstracts, conference abstracts, or studies without published

full text.

2. Non‐original studies, including opinions and review articles.

3. Case reports.

4. Nonhuman studies.
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2.3 | Data extraction

Four researchers went through the full texts of the selected

documents in the final stage and extracted the necessary information

for included studies such as the first author name, country of study,

year of publication, type of studies, the population mean age,

sampling location, type of microbiota, how microbiota affect the

course of COVID‐19 disease and vice versa, how SARS‐CoV‐2

infection affects the microbiota, and summary of other findings.

Table 1 shows the summary of extracted data. Other team members

double‐checked the results and selected records to refrain from any

probable remaining duplications and/or overlaps.

2.4 | Quality and bias risk assessment

As above‐stated to ensure the authenticity and reliability of the

outcomes, this study abides by guidelines of the PRISMA protocol.

Additionally with the purpose of minimizing Bias Risk we have

utilized Newcastle−Ottawa Scale (NOS) to evaluate the studies. This

scale consists of three items of selection, comparability, and

exposure/outcome. These items are graded maximum scores of 4,

2, and 3 respectively. Maximum score of 9 is allocated for individual

studies by adding up these values (Table 2).

3 | RESULTS

A total of 829 articles were collected in this systematic review. After

the duplicate removal, 508 publications were selected based on the

relevancy of the title and abstract, and 293 articles were excluded in

this step. An additional 152 articles were excluded in the full‐text

screening, and 63 articles were included in the final qualitative

synthesis (Figure 1).

Most of the studies were conducted in 2020 (9.52%) and 2021

(88.8%). One study was carried out in 2022. China (25 articles) and

the United States (11 articles) accounted for the source of the

majority of included studies. Six articles were from Italy, three studies

were from Russia, and the remaining was from other countries. In

most of the articles, samples were collected from the gut and the

other studies examined the microbiota of the oropharynx, naso-

pharynx, respiratory tract, sputum, saliva, and blood. One study

evaluated the microbiome in the waste water.

Most articles claimed that SARS‐CoV‐2 infection causes micro-

biome disbyosis in the patients. Zuo et al., reported that the Gut

microbiome in COVID‐19 patients was meaningfully different

compared to non‐COVID group with an increase in opportunistic

pathogens and a decrease in beneficial bacteria.80 According to

Hernández‐Terán et al. the respiratory microbiome of COVID

patients has a high level of dysbiosis, while Miller et al claimed that

there was no notable difference in saliva microbiota of COVID‐19

patients in comparison with healthy individuals.31 Lloréns‐Rico et al.

suggested that duration of hospitalization in ICU and type of oxygen

therapy have higher impacts on the composition of respiratory tract

microbiota than the viral load of COVID‐19.32

The composition of microbiota may also be linked to the

severity of COVID‐19 disease according to the majority of

the articles.45,48,49,54,56 It appeared that COVID‐19 patients with

severe disease had more dysbiotic microbiota. An increase in

Firmicutes/Bacteroidetes ratio was also observed in some studies.

Several studies reported that the changes in the microbiota of

COVID‐19 patients can last even for a period after recovery.66,67

Some articles also evaluated the effect of probiotics on SARS‐

CoV‐2 infection. The majority of the studies found the probiotics

beneficial for COVID‐19 patients’ recovery.29,30,33–39,45,70,76,77 One

study evaluated the positive efficacy of FMT (Fecal microbial

transplantation) for COVID‐induced GI upset.33 Zhang et al. reported

that probiotics reduced the length of COVID‐19 illness and

hospitalization.38 In contrast, Ivashkin et al. evaluated a probiotic

formula and suggests that the tried probiotic had no noteworthy

impact on the severity of the disease or mortality in COVID‐19

patients.29 Hegazy et al. reported that intake of probiotic yogurt is

linked to a notable higher risk of severe SARS‐CoV‐2 infection.77

43 publications out of the 63 total articles considered in this

systematic review, studied the impact of SARS‐CoV‐2 infection on

the microbiota. The effect of SARS‐CoV‐2 infection on microbiota

and vice versa was studied in 21 articles, and 20 publications

investigated the effect of either microbiota profile or various

probiotics on the course of COVID‐19 disease.

4 | DISCUSSION

4.1 | Gut microbiome dysbiosis of
COVID‐19 patients

Dysbiosis in the gut‐lung axis can cause a proinflammatory

reaction.89,90 Additionally, it is shown that gut dysbiosis has a role

in the pathogenesis of several diseases including; IBD, Parkinson's

disease, celiac disease, diabetes, colorectal cancer, and chronic

respiratory diseases like COPD, and Asthma.91–96 Many studies have

reported gut dysbiosis among COVID‐19 patients and noted that it

would be a major contributor to poor outcomes.97

The majority of human gut bacteria comprise the following

microbial phyla; Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria,

Fusobacteria, and Verrucomicrobiac with Firmicutes and Bacteroidetes

making up over 90% of the total gut microbiota.98–100 These bacteria

can regulate and control the immune response and defense system via a

variety of mechanisms, and any imbalance in their composition can lead

to immune dysfunction and pathogenesis.101,102

Gut dysbiosis has been reported in almost all included studies in

our systematic review, and in total 25 studies, investigated the two‐

way dynamics between COVID‐19 and gut microbiota mostly via

fecal/colon sampling.

In general, the main alternations in the gut microbiome of

COVID‐19 cases compared to normal conditions were the higher

SEYEDALINAGHI ET AL. | 3 of 33



T
A
B
L
E

1
Su

m
m
ar
y
o
f
fi
nd

in
gs

fo
r
th
e
in
cl
ud

ed
st
ud

ie
s.

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

1
4
0

U
A
E

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
N
=
1
4
3

F
ec

al
In
te
nt
in
ib
ac
te
r

E
nt
er
o
rh
ab

d
us

A
na

er
o
st
ip
es

P
re
vo

te
lla

B
ac
te
ro
id
es

B
if
id
o
b
ac
te
ri
um

B
la
ut
ia

F
ae

ca
lib

ac
te
ri
um

St
re
p
to
co

cc
us

La
ch

no
sp
ir
ac
ea

e
A
to
p
o
b
ia
ce

ae
P
ep

to
st
re
p
to
co

c-

ca
ce

ae

N
o
re
la
ti
o
n
b
et
w
ee

n
C
O
V
ID

‐1
9
vi
ra
l
lo
ad

an
d
b
ac
te
ri
al

m
ic
ro
b
io
m
e

D
ec

re
as
es

se
ve

ri
ty

o
f

C
O
V
ID

‐1
9
d
is
ea

se

G
ut

m
ic
ro
b
io
ta

d
iv
er
si
ty
↑
.

B
la
ut
ia
↑

F
ae

ca
lib

ac
te
ri
um

↑

St
re
p
to
co

cc
us
↑

In
te
st
in
ib
ac
te
r↓

E
nt
er
o
rh
ab

d
us
↓

A
na

er
o
st
ip
es
↓

B
if
id
o
b
ac
te
ri
um

↓

B
ac
te
ro
id
es
↓

P
re
vo

te
lla
↓

St
o
o
l
in

C
O
V
ID

‐1
9

in
fe
ct
ed

p
at
ie
nt
s:

ri
ch

er
,
m
o
re

va
ri
ab

le
in

b
ac
te
ri
a
sp
ec

ie
+

hi
gh

lip
id

m
et
ab

o
lis
m

G
ut

m
ic
ro
b
io
ta

is

p
ro
te
ct
iv
e
ag

ai
ns
t

se
ve

re
C
O
V
ID

‐1
9

d
is
ea

se
.

2
4
5

Sa
ud

i
A
ra
b
ia

2
0
2
0

E
xp

er
im

en
ta
l

‐
‐

La
ct
o
b
ac
ill
us

p
la
nt
ar
um

p
ro
b
io
ti
cs

b
ac
te
ri
a

La
ct
o
b
ac
ill
us

p
la
nt
ar
um

m
et
ab

o
lit
es

(P
la
nt
ar
ic
in

B
N
,

P
la
nt
ar
ic
in

JL
A
‐9
,

P
la
nt
ar
ic
in

W
,

P
la
nt
ar
ic
in

D
)

ca
n
b
in
d
w
it
h

R
d
R
p
,
R
B
D
,
an

d
A
C
E
2

m
o
le
cu

le
s.

‐
P
la
nt
ar
ic
in

m
o
le
cu

le
s
ca
n

b
e
us
ef
ul

ag
ai
ns
t
th
e

C
O
V
ID

‐1
9
d
is
ea

se
.

3
4
1

H
un

ga
ry

2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l
N
=
4
0

A
ge

A
th
le
te

(n
=
2
0
):

A
ge

=
2
4
.1
5
±

4
.7

ye
ar
s,

Se
d
en

ta
ry

(n
=
2
0
):

A
ge

=
2
7
.7
5
±

7
.5

F
ec

al
A
ct
in
o
b
ac
te
ri
a

B
ac
te
ro
id
et
es

C
ya

no
b
ac
te
ri
a

F
ir
m
ic
ut
es

P
ro
te
o
b
ac
te
ri
a

T
en

er
ic
ut
es

V
er
ru
co

m
ic
ro
b
ia

D
ec

re
as
es

sy
m
p
to
m
s
o
f

Se
ve

re
C
O
V
ID

B
ac
te
ro
id
et
es
↑

B
ac
te
ro
id
et
es
↑

B
ac
te
ro
id
et
es

in
th
e

fe
ce

s
ha

ve
an

an
ti
‐

in
fl
am

m
at
io
n
ef
fe
ct

an
d
p
ro
te
ct

p
at
ie
nt
s

ag
ai
ns
t
se
ve

re
C
O
V
ID

‐1
9
d
is
ea

se
.

N
o
d
if
fe
re
nc

e
b
et
w
ee

n

th
e
m
ic
ro
b
io
m
e
o
f

at
hl
et
es

an
d

se
d
en

ta
ry

p
at
ie
nt
s

4
7
0

Ir
an

2
0
2
1

B
as
ic

‐
‐

La
ct
o
b
ac
ill
us

P
la
nt
ar
um

B
o
s
ta
ur
us

B
ac
ill
us

su
b
ti
lis

M
o
ro
ne

sa
xa
ti
lis

C
ro
ta
lu
s

d
ur
is
su
sr
ur
ui
m
a

Le
uc

o
no

st
o
cg
el
id
um

La
ch

es
an

at
ar
ab

ae
vi

gl
yc
o
ci
n
F
(f
ro
m

La
ct
o
co

cc
us

la
ct
is
)a

nd
la
ct
o
co

cc
in
e
G

(f
ro
m

La
ct
o
b
ac
ill
us

P
la
nt
ar
um

)
ha

ve
th
e

hi
gh

es
t
af
fi
ni
ty

to
so

m
e

SA
R
S‐
C
O
V
‐2

vi
ru
s

m
o
le
cu

le
s.

‐
U
si
ng

d
ai
ry

p
ro
d
uc

ts

co
nt
ai
ni
ng

La
ct
o
co

cc
us

la
ct
is

an
d
La

ct
o
b
ac
ill
us

P
la
nt
ar
um

w
it
h
vi
ta
m
in

D
m
ay

b
e
he

lp
fu
l
to

co
m
b
at

an
d
p
re
ve

nt
in
g

SA
R
S‐
C
O
V
‐2

in
fe
ct
io
n.

4 of 33 | SEYEDALINAGHI ET AL.



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

Li
m
ul
us

p
o
ly
p
he

m
us

5
7
6

T
ur
ke

y
2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l
N
=
4
4

‐
B
if
id
o
b
ac
te
ri
um

Si
ng

le
st
ra
in

p
ro
b
io
ti
c

b
if
id
o
b
ac
te
ri
al
:

m
o
rt
al
it
y
ra
te
↓

d
ur
at
io
n

o
f
ad

m
is
si
o
n
↓
(in

m
o
d
er
at
e/
se
ve

re
C
O
V
ID

‐1
9
p
at
ie
nt
s)

T
hi
s
p
ro
b
io
ti
c
al
so

he
lp
s

ch
es
t
C
T
‐S
ca
n

re
so
lu
ti
o
n.

‐
B
if
id
o
b
ac
te
ri
um

ca
n
b
e
a

us
ef
ul

tr
ea

tm
en

t
fo
r

m
o
d
er
at
e/
se
ve

re

C
O
V
ID

‐1
9
d
is
ea

se
.

6
4
2

C
hi
na

2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l
N
=
2
8
7
0
3

(1
3
7
4
C
R
C

p
at
ie
nt
s)
+

2
7
,3
2
9

no
rm

al
p
at
ie
nt
s

C
o
lo
n

M
el
is
so
co

cc
us
,

F
ae

ca
lib

ac
te
ri
um

,
Su

b
d
o
lig
ra
nu

lu
m
,

B
ac
te
ro
id
es
,

A
lis
ti
p
es
,

E
ub

ac
te
ri
um

,

P
ar
ab

ac
te
ro
id
es
,

R
um

in
o
co

cc
us
,

B
la
ut
ia
,

B
if
id
o
b
ac
te
ri
um

.

B
la
ut
ia

an
d
R
um

in
o
co

cc
us

ar
e
m
o
re

p
re
va

le
nt

in

C
R
C
(c
o
lo
re
ct
al

ca
nc

er
)

p
at
ie
nt
s
an

d
ar
e
re
la
te
d

to
a
m
o
re

se
ve

re

C
O
V
ID

‐1
9
d
is
ea

se
in

th
es
e
p
at
ie
nt
s.

‐
T
he

im
b
al
an

ce
o
f
gu

t

m
ic
ro
b
io
ta

is
re
la
te
d
to

C
O
V
ID

‐1
9
m
o
rt
al
it
y.

7
6
6

C
hi
na

2
0
2
1

P
ro
sp
ec

ti
ve

St
ud

y

N
=
3
0
m
ed

ia
n

ag
e:

5
3
.5

G
ut

T
he

im
b
al
an

ce
o
f
gu

t
m
ic
ro
b
io
ta

is
lin

ke
d

to
lo
ng

C
O
V
ID

.
H
ig
he

r
C
R
P
le
ve

ls
in

p
at
ie
nt
s
w
it
h
re
d
uc

ed

p
o
st
co

nv
al
es
ce

nc
e

m
ic
ro
b
io
ta

ri
ch

ne
ss
.

G
ut

m
ic
ro
bi
ot
a

ch
an

ge
s
in

th
e

C
O
V
ID
‐1
9

pa
tie

nt
s.

m
ic
ro
b
io
ta

ri
ch

ne
ss

d
id

no
t

no
rm

al
iz
e

af
te
r
a
6
‐m

o
nt
h

re
co

ve
ry

E
nh

an
ci
ng

th
e
m
ic
ro
b
ia
l

d
iv
er
si
ty

o
f
th
e
gu

t
in

lo
ng

C
O
V
ID

‐1
9

p
at
ie
nt
s
sh
o
ul
d
b
e

co
ns
id
er
ed

.

Se
ve

re
p
at
ie
nt
s
ha

d
lo
w
er

p
o
st
co

nv
al
es
ce

nc
e

m
ic
ro
b
io
ta

ri
ch

ne
ss
.

8
4
3

G
er
m
an

y
2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
N
=
3
2
2

H
ea

lt
hy

(n
=
7
2
,

M
ed

ia
n

ag
e=

3
6
)

U
R
T
(n
=
1
1
2
,

M
ed

ia
n

ag
e
=

4
6
)

M
ild

C
O
V
ID

(n
=
3
6
,

M
ed

ia
n

A
ge

=
5
0
)

O
ro
p
ha

ry
ng

ea
l

H
ae

m
o
p
hi
lu
si
n

fl
ue

nz
ea

e
P
ar
ai
nf
lu
en

za
e

p
it
tm

an
ia
e
N
ei
ss
er
ia

su
b
fl
av

a

↓
na
so
ph

ar
yn

ge
al

m
ic
ro
bi
ot
a

di
ve
rs
ity

(in

ad
m
itt
ed

C
O
V
ID
‐

19
pa
tie

nt
s)

M
ic
ro
b
io
ta

o
f

m
o
d
er
at
e/
se
ve

re
C
O
V
ID

‐1
9

p
at
ie
nt
s
w
as

m
o
re

d
ys
b
io
ti
c
th
an

in
he

al
th
y
p
at
ie
nt
s.

G
ut

m
ic
ro
b
io
ta

ch
an

ge
s:

M
o
d
er
at
e
an

d
se
ve

re

C
O
V
ID

‐1
9
p
at
ie
nt
s

P
at
ie
nt
s
tr
ea

te
d
w
it
h

an
ti
b
io
ti
cs
.

H
is
to
ry

o
f
m
ec

ha
ni
ca
l

ve
nt
ila
ti
o
n
d
ur
in
g

th
e
ad

m
is
si
o
n.

P
ro
lo
ng

ed
ho

sp
it
al
iz
at
io
n.

(C
o
nt
in
ue

s)

SEYEDALINAGHI ET AL. | 5 of 33



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

M
o
d
er
at
e
C
O
V
ID

(n
=
3
7
,

M
ed

ia
n

A
ge

=
5
7
)

Se
ve

re
C
O
V
ID

(n
=
6
5
,

A
ge

=
6
5
)

H
ae

m
o
p
hi
lu
s

in
fl
ue

nz
ea

e↑
p
ar
ai
nf
lu
en

za
e↑

p
it
tm

an
ia
e↑

9
4
4

It
al
y

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
4
9

M
ea

n
A
ge

=
6
6
.7

±
1
4
.4

G
ut

A
ct
in
o
b
ac
te
ri
a

B
ac
te
ro
id
et
es

F
ir
m
ic
ut
es

P
ro
te
o
b
ac
te
ri
a

V
er
ru
co

m
ic
ro
b
ia

B
ac
te
ro
id
et
es

w
as

se
en

m
o
re

in
C
O
V
ID

+
p
at
ie
nt
s

an
d
d
ec

re
as
ed

af
te
r
re
co

ve
ry
.

Fi
rm

ic
ut
es

w
er
e
se
en

in
C
O
V
ID
‐
pa

tie
nt
s

(a
nd

af
te
r
re
co
ve
ry

of
C
O
V
ID
+

pa
tie

nt
s)
.

B
la
ut
ia
↑

(a
ft
er

re
co

ve
ry
)

A
lp
ha

d
iv
er
si
ty
:
si
m
ila
r

in
C
O
V
ID

+
an

d
C
O
V
ID

−
p
ne

um
o
ni
a

al
p
ha

‐d
iv
er
si
ty

↑
(a
ft
er

th
e
re
co

ve
ry
)

1
0

2
0

It
al
y

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
N
=
4
0

N
as
o
p
ha

ry
nx

A
ct
in
o
b
ac
te
ri
a

B
ac
te
ro
id
et
es

F
ir
m
ic
ut
es

F
us
o
b
ac
te
ri
a

P
ro
te
o
b
ac
te
ri
a

B
ac
te
ri
al

ri
ch

ne
ss
,

d
iv
er
si
ty
,
an

d

ab
un

d
an

ce
w
er
e

si
m
ila
r
in

b
o
th

C
O
V
ID

+
an

d
C
O
V
ID

−
gr
o
up

s

(m
ild

d
is
ea

se
)

N
as
o
p
ha

ry
ng

ea
l
m
ic
ro
b
io
ta

d
o
es

no
t
ch

an
ge

in
m
ild

ea
rl
y
C
O
V
ID

‐1
9

d
is
ea

se
.

1
1

4
8

U
SA

2
0
2
1

E
xp

er
im

en
ta
l

~
7
8
Sa

m
p
le
s

Lu
ng

an
d
b
lo
o
d

m
ic
ro
b
io
m
e

(L
o
ng

lis
t)

b
lo
o
d
m
ic
ro
b
io
ta

C
O
V
ID

‐1
9
p
at
ie
nt
s:

E
.
co

li,
B
ac
ill
us

sp
.
P
L‐
1
2

ab
un

d
an

ce
,

C
am

p
yl
o
b
ac
te
r

ho
m
in
is

A
T
C
C

B
A
A
‐3
8
1

P
se
ud

o
m
o
na

s
sp
.
I‐
0
9

T
he

rm
o
an

ae
ro
b
ac
te
r

p
se
ud

et
ha

no
lic
us

A
T
C
C

3
3
2
2
3

T
he

rm
o
an

ae
ro
b
ac
te
r

iu
m
th
er
m
o
sa
cc
ha

ro
-

ly
ti
cu

m
D
SM

5
7
1

M
ul
ti
p
le

as
so

ci
at
io
ns

w
er
e
se
en

b
et
w
ee

n

m
ic
ro
b
io
ta

an
d

C
O
V
ID

‐1
9
se
ve

ri
ty
.

In
te
rl
eu

ki
ns

m
o
d
ul
at
io
n
b
y

th
e
m
ic
ro
b
io
ta

(lu
ng

an
d
b
lo
o
d
)
re
su
lt
s
in

im
m
un

e
sy
st
em

re
gu

la
ti
o
n.

6 of 33 | SEYEDALINAGHI ET AL.



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

St
ap

hy
lo
co

cc
us

ep
id
er
m
is

Le
ss

se
ve

re
SA

R
S‐
C
o
V
‐2

in
fe
ct
io
n
w
it
h

B
ac
ill
us

su
b
ti
lis

su
b
sp
.
su
b
ti
lis

st
r.

1
6
8
b
lo
o
d

1
2

4
6

U
SA

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
N
=
1
9

(9
C
O
V
ID

p
o
si
ti
ve

:
M
ea

n
±

(S
D
)=

5
3
.3
8
±

(1
4
.9
3
))

1
0
C
O
V
ID

ne
ga

ti
ve

.

na
so

p
ha

ry
ng

ea
l

P
ro
te
o
b
ac
te
ri
a,

A
ct
in
o
b
ac
te
ri
a

F
ir
m
ic
ut
es
,

C
o
ry
ne

b
ac
te
ri
um

,
M
o
rg
an

el
la

M
o
ra
xe

lla
,

E
sc
he

ri
ch

ia
‐S
hi
ge

lla
,

P
ro
te
us

St
ap

hy
lo
co

cc
us

‐
A
lp
ha

‐d
iv
er
si
ty

an
al
ys
is
:s
am

e
in

C
O
V
ID

+
an

d
C
O
V
ID

−

b
et
a‐
d
iv
er
si
ty
:

si
gn

if
ic
an

t

va
ri
at
io
n

ri
ch

ne
ss

↓
in

C
O
V
ID

+
P
ro
te
o
b
ac
te
ri
a‐
to

A
ct
in
o
b
ac
te
ri
a

ra
ti
o
↑
in

C
O
V
ID

+

In
C
O
V
ID

+
p
at
ie
nt
s:

D
ys
b
io
ti
c

na
so
p
ha

ry
ng

ea
l

m
ic
ro
b
io
ta

Lo
ss

o
f
no

rm
al

fl
o
ra

b
ac
te
ri
a.

p
ro
‐i
nf
la
m
m
at
o
ry

b
ac
te
ri
a.

↑

1
3

4
7

U
SA

2
0
2
1

C
o
ho

rt
1
1
8
IB
D

p
at
ie
nt
s

G
ut

(E
nd

o
sc
o
p
y)

‐
‐

N
o
ch

an
ge

in
th
e

en
d
o
sc
o
p
ic

m
ic
ro
b
io
m
e
o
f
1
2

IB
D

b
ef
o
re

an
d
af
te
r

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
w
as

se
en

N
o
ch

an
ge

in
m
ic
ro
b
io
ta
.

1
4

5
0

It
al
y

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
N
=
6
9

M
ea

n
A
ge

=
7
3

ye
ar
s

F
ec

al
E
nt
er
o
co

cc
ac
ea

e,

C
o
ri
o
b
ac
te
ri
ac
ea

e-

La
ct
o
b
ac
ill
ac
ea

e,

V
ei
llo

ne
lla
ce

ae
,

P
o
rp
hy

ro
m
o
na

d
a-

ce
ae

St
ap

hy
lo
co

cc
a-

ce
ae

B
ac
te
ro
id
ac
ea

e,

La
ch

no
sp
ir
ac
ea

eR
u-

m
in
o
co

cc
ac
ea

eP
re
-

vo
te
lla
ce

ae
C
lo
st
ri
-

d
ia
ce

ae

‐
H
ig
h
D
ys
b
io
si
s
o
f
gu

t
m
ic
ro
b
io
ta

in
C
O
V
ID

+
p
at
ie
nt
s.

↓
(A
lp
ha

)d
iv
er
si
ty
,

↓
F
ir
m
ic
ut
es
,

B
ac
te
ro
id
et
es
,

↑
E
nt
er
o
co

cc
ac
ea

e,
C
o
ri
o
b
ac
te
r-

ia
ce

ae
,

In
C
O
V
ID

p
at
ie
nt
s:

Lo
ss

o
f
b
en

ef
ic
ia
l

m
ic
ro
o
rg
an

is
m
s

↑
p
o
te
nt
ia
l
p
at
ho

ge
ns

(e
x:

E
nt
er
o
co

cc
us

es
p
ec

ia
lly

in
IC
U

p
at
ie
nt
s)

(C
o
nt
in
ue

s)

SEYEDALINAGHI ET AL. | 7 of 33



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

1
5

5
1

C
hi
li

2
0
2
0

C
ro
ss
‐S
ec

ti
o
na

l
>
2
0
0
0
0
0

W
as
te

w
at
er

(B
as
ed

o
n
N
C
B
I

T
ax
o
no

m
y
tr
ee

)

‐
↓
P
ro
te
o
b
ac
te
ri
a
an

d

↑
in

o
th
er

ge
ne

ra
at

th
e
re
si
d
en

ti
al

ca
re

ho
m
e
an

d
th
e
p
ri
so
n
d
ur
in
g

th
e
p
an

d
em

ic
.

C
O
V
ID

+
sa
m
p
le
s:

↑
P
re
vo

te
lla
,

B
ac
te
ro
id
es
,

↑
Si
m
p
lis
ci
ra
,

F
la
vo

b
ac
te
ri
um

,
A
ci
ne

to
b
ac
te
r

ge
ne

ra

T
he

m
ic
ro
b
io
ta

in
th
e
w
as
te

w
at
er

o
f
th
e
C
O
V
ID

‐1
9

p
at
ie
nt
s'
re
gi
o
n
w
as

d
if
fe
re
nt

co
m
p
ar
ed

to

th
e
th
e
no

n‐
C
O
V
ID

in
d
iv
id
ua

ls
’r
eg

io
n.

1
6

5
2

C
hi
na

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
N
=
4
0
0

M
ea

n
ag

e:
~
4
7

ye
ar
s

O
ro
p
ha

ry
ng

ea
l

Lo
ng

lis
t

‐
↓
A
lp
ha

‐d
iv
er
si
ty

↑
O
p
p
o
rt
un

is
ti
c

p
at
ho

ge
ns

↓
b
ut
yr
at
e‐
p
ro
d
uc

in
g

ge
ne

ra

In
C
O
V
ID

+
:

↑
F
ir
m
ic
ut
es
.

↑
B
ac
te
ri
a_
un

cl
as
-

si
fi
ed

↑
T
he

b
et
a
d
iv
er
si
ty

D
ys
b
io
si
s
+
(In

C
O
V
ID

+
)

C
O
V
ID

‐1
9
p
at
ie
nt
s:

lip
o
p
o
ly
sa
cc
ha

ri
d
e‐

p
ro
d
uc

in
g
b
ac
te
ri
a

↑
Le

p
to
tr
ic
hi
a

↑
o
p
p
o
rt
un

is
ti
c

p
at
ho

ge
ns

(G
ra
nu

lic
at
el
la
)

↓
B
ut
yr
at
e‐
p
ro
d
uc

in
g

b
ac
te
ri
al

1
7

5
3

In
d
ia

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
N
=
8
9

na
so

p
ha

ry
ng

ea
l

O
U
T
(L
o
ng

lis
t)

C
O
V
ID

+
:

↓
N
um

b
er

o
f
B
ac
te
ri
a

↑
P
ro
te
o
b
ac
te
ri
a

↓
B
ac
te
ro
id
et
es

↑
o
p
p
o
rt
un

is
ti
c

p
at
ho

ge
ns

(H
ae

m
o
p
hi
lu
s,

St
en

o
tr
o
p
ho

m
o
-

na
s,

A
ci
ne

to
b
ac
te
r,

P
se
ud

o
m
o
na

s)
:

↑
C
ha

nc
e
o
f

se
co

nd
ar
y

in
fe
ct
io
n.

↔
B
ac
te
ri
al

ri
ch

ne
ss

In
m
ild

ca
se
s
o
f
C
O
V
ID

‐1
9

d
ys
b
io
si
s
le
ve

l
re
tu
rn
s

to
no

rm
al

va
lu
es

in
a

sh
o
rt

ti
m
e
af
te
r
th
e

re
co

ve
ry
.
In

ch
ild

re
n

no
rm

al
iz
at
io
n
ta
ke

s

m
o
re

ti
m
e.

8 of 33 | SEYEDALINAGHI ET AL.



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

1
8

5
5

U
SA

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
1
6
4

M
ea

n
ag

e:
~
6
3

ye
ar
s

O
ra
l

Lo
ng

C
O
V
ID

p
at
ie
nt
s
ha

d
in
fl
am

m
at
o
ry

m
ic
ro
b
io
ta

(e
x.

P
re
vo

te
lla
,V

ei
llo

ne
lla

w
hi
ch

p
ro
d
uc

e
LP

S)
:

Lo
ng

C
O
V
ID

an
d

ch
ro
ni
c
fa
ti
gu

e
sy
nd

ro
m
e
p
at
ie
nt
s

ha
d
si
m
ila
r
o
ra
l

m
ic
ro
b
io
m
e.

M
al
fu
nc

ti
o
n
o
f
o
ra
l

m
ic
ro
b
io
ta

is
as
so
ci
at
ed

w
it
h
lo
ng

C
O
V
ID

sy
m
p
to
m
s.

D
ec

re
as
ed

an
ti
‐

in
fl
am

m
at
o
ry

m
et
ab

o
lic

p
at
hw

ay
w
as

se
en

in
o
ra
l

m
ic
ro
b
io
ta

o
f
lo
ng

C
O
V
ID

p
at
ie
nt
s

1
9

5
7

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
N
=
7

F
ec

al
‐

↓
A
ct
in
o
b
ac
te
ri
a,

↓
F
ir
m
ic
ut
es
,

↓
↓
B
ac
te
ro
id
et
es

↓
Sh

an
no

n
D
iv
er
si
ty

In
d
ex

(In
C
O
V
ID

+
)

2
0

7
7

E
gy

p
t

2
0
2
1

C
o
ho

rt
N
=
2
0
0

M
ea

n
ag

e
=

3
7
(M

ild
C
O
V
ID

‐1
9
),

4
5
(m

o
d
er
at
e

C
O
V
ID

‐1
9
)

‐
‐

P
re
b
io
ti
c‐
co

nt
ai
ni
ng

fo
o
d
s,
lo
w

su
ga

r
d
ie
t,

ex
er
ci
se
,a

d
eq

ua
te

sl
ee

p
,a

nd
le
ss

an
ti
b
io
ti
c
us
e
ca
us
e
a

m
ild

er
C
O
V
ID

‐1
9

d
is
ea

se
.

In
ta
ke

o
f
p
ro
b
io
ti
c
yo

gu
rt

:1
.6

ti
m
es

gr
ea

te
r
ri
sk

o
f
se
ve

re
C
O
V
ID

‐1
9

d
is
ea

se
.

‐
A

he
al
th
y
gu

t
m
ic
ro
b
io
m
e

ca
n
d
ec

re
as
e
th
e

se
ve

ri
ty

o
f
C
O
V
ID

‐1
9
.

B
ut

p
ro
b
io
ti
c
yo

gu
rt

m
ay

b
e
ha

rm
fu
la

nd
ha

s

an
ad

ve
rs
e
ef
fe
ct

o
n

C
O
V
ID

p
ro
gr
es
si
o
n.

2
1

3
1

M
ex

ic
o

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
N
=
9
5

M
ea

n
ag

e:
4
5

ye
ar
s

U
p
p
er

re
sp
ir
at
o
ry

tr
ac
t

M
o
st

C
o
m
m
o
n:

F
ir
m
ic
ut
es
,

B
ac
te
ro
id
et
es
,

P
ro
te
o
b
ac
te
ri
a

Lo
ss

o
f
m
ic
ro
b
ia
l

co
m
p
le
xi
ty

st
ru
ct
ur
e

ch
an

ge
s
p
ro
gn

o
si
s
o
f

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n

↑
F
ir
m
ic
ut
es
,

↑
A
ct
in
o
b
ac
te
ri
a,

↑
T
M
7

↑
V
ei
llo

ne
lla
,

↑
St
ap

hy
lo
co

cc
us
,

↑
C
o
ry
ne

-
b
ac
te
ri
um

,
↑
N
ei
ss
er
ia
,

(O
nl
y
in

se
ve

re
SA

R
S‐

C
o
V
‐2

in
fe
ct
io
n)

↓
B
ac
te
ro
id
et
es

↓
H
ae

m
o
p
hi
lu
s

H
ig
h
d
ys
b
io
si
s
in

th
e

re
sp
ir
at
o
ry

m
ic
ro
b
io
m
e
o
f

C
O
V
ID

‐1
9
p
at
ie
nt
s

↓
m
ic
ro
b
ia
l
d
iv
er
si
ty

↑
F
ir
m
ic
ut
es
/

B
ac
te
ro
id
et
es

m
ild

C
O
V
ID

:
↑
P
re
vo

te
lla
m
el
an

in
o
-

ge
ni
ca
,P

.
p
al
le
ns
,

V
ei
llo

ne
lla

p
ar
vu

la
,

N
ei
ss
er
ia

su
b
fl
av

a,

(C
o
nt
in
ue

s)

SEYEDALINAGHI ET AL. | 9 of 33



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

↓
A
llo

io
co

cc
us

In
Se

ve
re

C
O
V
ID

:

↑
M
eg

as
p
ha

er
a,

C
W

0
4
0
.

F
at
al

C
O
V
ID

:
↑

R
o
th
ia
d
en

to
ca
ri
o
sa
,

St
re
p
to
co

cc
us

in
fa
nt
is
,

V
ei
llo

ne
lla
d
is
p
ar

2
2

5
8

B
an

gl
ad

es
h

2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l
N
=
2
2

m
ea

n
ag

e:
4
1
.8
6

N
as
o
p
ha

ry
ng

ea
l

2
2
8
1
b
ac
te
ri
al

sp
ec

ie
s

O
p
p
o
rt
un

is
ti
c

b
ac
te
ri
a
6
7
%

o
f

ac
ut
e
SA

R
S‐
C
o
V
‐

2
in
fe
ct
io
n
ca
se
s.

(in
7
7
%

o
f

re
co

ve
re
d

p
at
ie
nt
s)

In
ac
ut
e
an

d
re
co

ve
re
d

C
O
V
ID

‐1
9

p
at
ie
nt
s
7
9
%

o
f

he
al
th
y
co

m
m
o
n

b
ac
te
ri
a
w
er
e
no

t
d
et
ec

te
d
in
.

al
p
ha

‐d
iv
er
si
ty
:

hi
gh

er
d
iv
er
si
ty

in
R
ec

o
ve

re
d
>
H
ea

l-
th
y
>
A
cu

te
C
O
V
ID

N
as
o
p
ha

ry
ng

ea
l

m
ic
ro
b
io
m
e
d
ys
b
io
si
s
in

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n

d
ec

re
as
es

th
e

d
iv
er
si
ty

o
f
th
e

na
so
p
ha

ry
ng

ea
l

m
ic
ro
b
io
m
e
an

d
ca
n

ch
an

ge
th
e
ge

no
m
ic

o
f
m
ic
ro
b
io
m
es
.

2
3

5
9

U
SA

2
0
2
1

P
ro
sp
ec

ti
ve

co
ho

rt
N
=
2
7
4
C
hi
ld
re
n.

M
ed

ia
n

A
ge

:
H
ea

lt
hy

:
9
.2

In
fe
ct
ed

(w
it
ho

ut

re
sp
ir
at
o
ry

sy
m
p
to
m
s)
:

9
.1

In
fe
ct
ed

+
re
sp
ir
a-

to
ry

N
as
o
p
ha

ry
ng

ea
l

1
7
9
9
A
SV

s
3
1
6

b
ac
te
ri
al

ge
ne

ra
2
0
p
hy

la

(N
as
o
p
ha

ry
ng

ea
l

m
ic
ro
b
io
m
e
al
p
ha

d
iv
er
si
ty
:
no

d
if
fe
re
nc

e.
M
ic
ro
b
io
m
e
ri
ch

ne
ss

↑
in

C
O
V
ID

+
In

re
sp
ir
at
o
ry

in
vo

lv
ed

SA
R
S‐

C
o
V
‐2

in
fe
ct
io
n:

H
ig
h
C
o
ry
ne

b
ac
te
ri
um

in
th
e

na
so
p
ha

ry
ng

ea
l

m
ic
ro
b
io
m
e

In
SA

R
S‐
C
o
V
‐2

in
fe
ct
io
n.

↑
D
o
lo
si
gr
an

ul
um

p
i-

gr
um

in
na

so
p
ha

ry
ng

ea
l

ti
ss
ue

is
as
so
ci
at
ed

10 of 33 | SEYEDALINAGHI ET AL.



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

sy
m
p
to
m
s:

1
4
.2

↑
C
o
ry
ne

b
ac
te
ri
um

,

↑
A
na

er
o
co

cc
us

sp
p
.

w
it
h
SA

R
S‐
C
o
V
‐2

in
fe
ct
io
n
(N

o
t

re
sp
ir
at
o
ry

in
vo

lv
em

en
t)
.

C
O
V
ID

‐1
9
ca
n
ch

an
ge

th
e
na

so
p
ha

ry
ng

ea
l

m
ic
ro
b
io
m
e

co
m
p
o
si
ti
o
n
in

ch
ild

re
n.

2
4

6
0

It
al
y

2
0
2
1

P
ilo

t
st
ud

y
N
=
4
1

M
ea

n
A
ge

:
4
7
.3

O
ra
l

H
ae

m
o
p
hi
lu
sp
ar
ai
n-

fl
ue

nz
ae

,
V
ei
llo

ne
lla
in
-

fa
nt
iu
m
,

So
o
nw

o
o
a
p
ur
p
ur
ea

,
P
re
vo

te
lla
sa
liv
ae

,
P
re
vo

te
lla
je
ju
ni
,

C
ap

no
cy
to
p
ha

ga
gi
n-

gi
va

lis

N
ei
ss
er
ia

p
er
fl
av

a,

↓
R
ic
hn

es
s
(↓

al
p
ha

d
iv
er
si
ty
)

D
if
fe
re
nc

e
in

b
et
a‐

d
iv
er
si
ty
:

↑
P
re
vo

te
lla
sa
liv
ae

↑
V
ei
llo

ne
lla
in
-

fa
nt
iu
m

H
ea

lt
hy

:
↑
N
ei
ss
er
ia

p
er
fl
av

a

↑
R
o
th
ia
m
uc

ila
-

gi
no

sa

D
if
fe
re
nt

m
ic
ro
b
io
ta

co
m
p
o
si
ti
o
n
w
as

se
en

in
C
O
V
ID

+
p
at
ie
nt
s.

Se
ve

n
cy
to
ki
ne

s
in

th
e

o
ra
l
m
ic
ro
b
io
m
e
o
f

th
e
C
O
V
ID

p
at
ie
nt
s:

IL
‐6
,
IL
‐5
,
G
C
SF

,
IL
‐2
,
T
N
F
‐a
,
G
M
C
SF

,

IN
F
‐γ

2
5

2
9

R
us
si
a

2
0
2
1

R
C
T

N
=
2
0
0
,

M
ea

n
ag

e
=

6
5
(5
9
–
7
1
)

[p
ro
b
io
ti
c
gr
o
up

]
6
4
(5
4
–
7
0
)

[n
o
np

ro
b
io
ti
c

gr
o
up

s]

T
he

p
ro
b
io
ti
c
re
ce

iv
in
g

gr
o
up

w
as

tr
ea

te
d

w
it
h;

rh
am

no
su
s

P
D
V

1
7
0
5
,

B
if
id
o
b
ac
te
ri
um

b
if
id
um

P
D
V

0
9
0
3
,

B
if
id
o
b
ac
te
ri
um

lo
ng

um
su
b
sp
.

in
fa
nt
is

P
D
V

1
9
1
1
,

an
d
B
if
id
o
b
ac
te
ri
um

lo
ng

um
su
b
sp
.

lo
ng

um
P
D
V

2
3
0
1

fo
r
1
4
d
ay

s.

In
C
O
V
ID

‐1
9
p
at
ie
nt
s,
th
e

tr
ie
d
p
ro
b
io
ti
c
ha

d
no

no
te
w
o
rt
hy

im
p
ac
t
o
n

th
e
se
ve

ri
ty

o
f
th
e

d
is
ea

se
o
r
m
o
rt
al
it
y.

In
th
is

st
ud

y,
th
e
tr
ie
d

p
ro
b
io
ti
c
w
as

b
en

ef
ic
ia
l

to
tr
ea

t
d
ia
rr
he

a
in

C
O
V
ID

‐1
9
p
at
ie
nt
s.

2
6

3
0

C
hi
na

2
0
2
0

O
b
se
rv
at
io
na

l
N
=
8
0
0

P
ro
b
io
ti
cs

w
er
e
he

lp
fu
l
to

tr
ea

t
C
O
V
ID

‐1
9

d
ia
rr
he

a.

(C
o
nt
in
ue

s)

SEYEDALINAGHI ET AL. | 11 of 33



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

2
7

6
1

K
o
re
a

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
N
=
4
8

M
ed

ia
n
ag

e:
2
6
ye

ar

F
ec

al
1
6
S
rR
N
A

am
p
lic
o
n

se
q
ue

nc
in
g

In
re
sp
ir
at
o
ry

C
O
V
ID

+
F
ir
m
ic
ut
es

>
P
ro
te
o
-

b
ac
te
ri
a
>

A
ct
in
o
b
ac
te
ri
a>

B
ac
te
ro
id
et
es

↓
B
ac
te
ro
id
et
es
,

T
he

m
ic
ro
b
ia
l
d
iv
er
si
ty

o
f
C
O
V
ID

in
fe
ct
ed

w
as

hi
gh

er
th
an

re
co

ve
re
d
ca
se
s.

ac
ut
e
SA

R
S‐
C
o
V
‐2

in
fe
ct
io
n:

↑
F
ir
m
ic
ut
es
/

B
ac
te
ro
id
et
es

ra
ti
o

B
ac
te
ro
id
et
es

↓
(d
ur
in
g

re
co

ve
ry

B
ac
te
ro
id
et
es
↓
)

2
8

6
2

U
SA

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
N
=
8
4

(4
8
−
7
0
ye

ar
s
o
ld
)

N
as
o
p
ha

ry
ng

ea
l

1
6
S
rR
N
A

A
m
p
lic
o
n

Se
q
ue

nc
in
g

↑
C
ya

no
b
ac
te
ri
al

↑
C
ut
ib
ac
te
ri
um

↑
Le

nt
im

o
na

s
↓
P
re
vo

te
lla
ce

ae
↓
Lu

m
in
ip
hi
lu
s

↓
F
le
ct
o
b
ac
ill
us

↓
C
o
m
am

o
na

s

↓
Ja
nn

as
ch

ia

na
so
p
ha

ry
ng

ea
l:

↑
C
ya

no
b
ac
te
ri
al

in

C
O
V
ID

+
p
at
ie
nt
s.

Sy
m
p
to
m
at
ic

C
O
V
ID

p
at
ie
nt
s
ha

d
↑
C
ut
ib
ac
te
ri
um

↑
Le

nt
im

o
na

s
th
an

as
ym

p
to
m
at
ic

p
at
ie
nt
s.

D
ys
b
io
si
s
+
(M

ay
ha

ve
a

re
la
ti
o
n
to

C
O
V
ID

se
ve

ri
ty
).

C
ha
ng

es
in

m
ic
ro
bi
ot
a

m
ay

ha
ve

im
m
un

og
en

ic
ef
fe
ct
s.

2
9

6
3

C
hi
na

2
0
2
1

C
o
ho

rt
N
=
6
6

G
ut

Sh
o
tg
un

M
et
ag

en
o
m
ic

Se
q
ue

nc
in
g

A
ss
o
ci
at
io
ns
:

A
LT

,R
B
C
,
he

m
o
gl
o
b
in

le
ve

l
~
C
o
p
ro
co

cc
us
ca
tu
s.

A
ST

~
St
re
p
to
co

cc
us

sa
liv
ar
iu
s.

R
B
C

le
ve

l~
E
ub

ac
te
ri
um

ha
lli
i.

N
eu

tr
o
p
hi
l
~
C
lo
st
ri
d
iu
m

ne
xi
le
,

↑
B
ac
te
ro
id
es

st
er
co
ris
,

B
ifi
do

ba
ct
er
iu
m

lo
ng

um
,

St
re
pt
oc
oc
cu
s

th
er
m
op

hi
lu
s,

La
ch
no

sp
ira

ce
ae

ba
ct
er
iu
m

51
63

FA
A
,

↓
C
lo
st
ri
d
iu
m

ne
xi
le
,

St
re
p
to
co

cc
us

sa
liv
ar
iu
s,

En
te
ro
ba

ct
er

ae
ro
ge
ne

s,
↓
C
an

d
id
at
us
sa
cc
ha

ri
-

b
ac
te
ri
a

C
ha

ng
es

in
gu

t

m
ic
ro
b
io
ta

ca
n

ch
an

ge
th
e
co

ur
se

an
d
se
ve

ri
ty

o
f

C
O
V
ID

‐1
9
d
is
ea

se
↓
M
ic
ro
b
io
ta

va
ri
at
io
n

↑
B
ac
te
ro
id
et
es
/

F
ir
m
ic
ut
es

ra
ti
o

12 of 33 | SEYEDALINAGHI ET AL.



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

3
0

6
4

C
hi
na

2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l
N
=
3
9

Sp
ut
um

O
xf
o
rd

N
an

o
p
o
re

T
ec

hn
o
lo
gy

se
q
ue

nc
in
g
p
la
tf
o
rm

Se
ve

re
C
O
V
ID

:
↓
N
ei
ss
er
ia
,
R
o
th
ia
,

P
re
vo

te
lla

C
ha

ra
ct
er
is
ti
cs

o
f

sp
ut
um

m
ic
ro
b
io
ta

ar
e
va

ri
ab

le
in

d
if
fe
re
nt

C
O
V
ID

‐1
9

se
ve

ri
ty

st
ag

es
.

A
ft
er

re
co

ve
ry
,
th
ei
r

m
ic
ro
b
io
ta

b
ec

o
m
es

ne
ar

si
m
ila
r
to

th
at

o
f
he

al
th
y

in
d
iv
id
ua

ls

3
1

3
3

C
hi
na

2
0
2
1

In
te
rv
en

ti
o
na

l
N
=
1
1

m
ed

ia
n
ag

e:
4
9

‐
F
ec

al
m
ic
ro
b
io
ta

tr
an

sp
la
nt
at
io
n

(F
M
T
);

1
0
ca
p
su
le
s
ea

ch
d
ay

fo
r
4

co
ns
ec

ut
iv
e
d
ay

s.

A
ft
er

us
in
g
F
M
T
:

m
ic
ro
b
ia
l
ri
ch

ne
ss
↑

al
p
ha

d
iv
er
si
ty

↔

‐
U
si
ng

F
M
T

co
ns
eq

ue
nc

es
:

↓
na

iv
e
B
ce

ll

↑
m
em

o
ry

B
ce

lls
↑
no

n
‐s
w
it
ch

ed
B
ce

lls
R
es
to
re

th
e
gu

t
m
ic
ro
b
io
ta

as
:

↑
A
ct
in
o
b
ac
te
ri
a

(1
5
.0
%
)

↓
P
ro
te
o
b
ac
te
ri
a

(2
.8
%
)

↑
B
if
id
o
b
ac
te
ri
um

↑
F
ae

ca
lib

ac
te
ri
um

P
al
lia
te

G
I
sy
m
p
to
m
s

3
2

6
5

C
hi
na

2
0
2
1

C
o
ho

rt
N
=
1
5

2
7
−
7
6

N
as
o
p
ha

ry
nx

U
ri
ne

Se
ru
m

Le
p
to
tr
ic
hi
ah

o
fs
ta
d
ii

G
em

el
la
m
o
rb
ill
o
ru
m

G
em

el
la
ha

em
o
ly
sa
ns

St
re
p
to
co

cc
us

sa
ng

ui
ni
s

V
ei
llo

ne
lla
d
is
p
ar

P
re
vo

te
lla
hi
st
ic
o
la

In
cr
ea

se
d

Le
p
to
tr
ic
hi
ah

o
fs
ta
d
ii

an
d

G
em

el
la
ha

em
o
ly
sa
ns

in
na

so
p
ha

ry
ng

ea
l

m
ic
ro
b
io
m
e

Is
lin

ke
d
to

C
M
E
le
ve

ls
in

se
ru
m
.

C
M
E
se
em

s
to

b
e
he

lp
fu
l

to
tr
ea

t
C
O
V
ID

‐1
9
.

T
he

na
so
p
ha

ry
ng

ea
l

m
ic
ro
b
io
m
e
o
f

C
O
V
ID

‐1
9

p
at
ie
nt
s:

Le
p
to
tr
ic
hi
ah

o
f-

st
ad

ii↓

G
em

el
la
m
o
rb
il-

lo
ru
m
↓

G
em

el
la
ha

em
o
-

ly
sa
ns
↓

St
re
p
to
co

cc
us

sa
ng

ui
ni
s↑

V
ei
llo

ne
lla
d
is
p
ar
↑

P
re
vo

te
lla
hi
st
ic
o
la
↑

Se
ru
m

o
f
C
O
V
ID

‐1
9

p
at
ie
nt
s:

C
hl
o
ro
ge

ni
c
ac
id

m
et
hy

l
es
te
r
(C
M
E
)↓

La
ct
ic

ac
id
↓

L‐
P
ro
lin

e↓

(C
o
nt
in
ue

s)

SEYEDALINAGHI ET AL. | 13 of 33



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

3
3

3
2

B
el
gi
um

2
0
2
1

C
o
ho

rt
N
=
9
3

U
p
p
er re
sp
ir
at
o
ry

=
6
1
(3
7
–
8
3
)

Lo
w
er R
es
p
ir
at
o
ry

=

6
4
(4
5
–
8
5
)

R
es
p
ir
at
o
ry

tr
ac
t

So
m
e
b
ac
te
ri
a
in

th
e

re
sp
ir
at
o
ry

tr
ac
t
ca
n
le
ad

to
im

m
un

e
re
ac
ti
o
ns
.

D
ur
at
io
n
o
f
ho

sp
it
al
iz
at
io
n

in
IC
U

an
d
ty
p
e
o
f

o
xy

ge
n
th
er
ap

y
ha

ve

hi
gh

er
im

p
ac
ts

o
n

m
ic
ro
b
io
ta

co
m
p
o
si
ti
o
n

th
an

th
e
vi
ra
l
lo
ad

o
f

C
O
V
ID

‐1
9
.

3
4

4
9

C
hi
na

2
0
2
1

C
o
ho

rt
N
=
8
8

M
ed

ia
n
ag

e:
5
0

O
ro
p
ha

ry
nx

R
o
th
ia

P
se
ud

o
p
ro
p
io
ni
b
ac
-

te
ri
um

St
re
p
to
co

cu
s

V
ei
llo

ne
lla

M
eg

as
p
ha

er
a

ve
ilo

ne
lla

C
ha

ng
es

in
m
ic
ro
b
io
ta

ca
n
b
e

lin
ke

d
to

im
m
un

e

re
sp
o
ns
es

an
d
th
e

se
ve

ri
ty

o
f
th
e
d
is
ea

se
.

So
m
e
p
at
ho

ge
ns

(K
le
b
si
el
la

an
d
Se

rr
at
ia
)

w
er
e
lin

ke
d
to

m
o
re

se
ve

re
d
is
ea

se
s.

M
ic
ro
b
io
ta

o
f

C
O
V
ID

‐1
9

p
at
ie
nt
s
w
as

ch
an

ge
d
no

ta
b
ly
.

(D
iv
er
si
ty
↓

b
en

ef
ic
ia
l
b
ac
te
ri
a↓

O
p
p
o
rt
un

is
ti
c

p
at
ho

ge
ns

↑
)

In
C
O
V
ID

‐1
9
p
at
ie
nt
s:

R
o
th
ia
↓

P
se
ud

o
p
ro
p
io
ni
b
ac
-

te
ri
um

↓

St
re
p
to
co

cc
us
↓

V
ei
llo

ne
lla

↑
(m

o
st

sp
ec

if
ic

fo
r

C
O
V
ID

‐1
9
)

M
eg

as
p
ha

er
a↑

3
5

5
4

P
en

ns
yl
va

ni
a

(U
SA

)

2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l
N
=
9
6

M
ed

ia
n
A
ge

(C
O
V
ID

‐1
9

gr
o
up

):3
6
−
9
1

N
o
n
‐ C
O
V
ID

=
6
0

(3
9
–
9
4
)

N
as
o
p
ha

ry
nx

O
ro
p
ha

ry
nx

E
nd

o
tr
ac
he

al
as
p
ir
at
e

St
ap

hy
lo
co

cc
us

R
ed

o
nd

o
vi
ri
d
ae

A
ne

llo
vi
rd
ae

T
he

co
m
p
o
si
ti
o
n
o
f
th
e

m
ic
ro
b
io
ta

is
lin

ke
d

to
Ly

m
p
ho

cy
te
/

ne
ut
ro
p
hi
l

(r
at
io
)a
nd

co
ns
eq

ue
nt
ly
,i
t

is
lin
ke
d
to

th
e

se
ve

ri
ty

of
th
e
di
se
as
e.

Th
e
m
ic
ro
bi
ot
a
of

th
e

R
es
pi
ra
to
ry

tr
ac
t
in

C
O
V
ID
‐1
9
pa
tie

nt
s

ha
d
no

ta
bl
e

di
ff
er
en

ce
s
in

co
m
pa
ris
on

w
ith

pa
tie

nt
s
w
ho

ha
d

ot
he

r
se
ve
re

di
se
as
es
.

In
in
tu
b
at
ed

C
O
V
ID

‐1
9

p
at
ie
nt
s:

St
ap

hy
lo
co

cc
us
↑

R
ed

o
nd

o
vi
ri
d
ae

↑

A
ne

llo
vi
rd
ae

↑

3
6

3
4

R
us
si
a

2
0
2
1

P
ro
sp
ec

ti
ve

C
o
ho

rt
N
=
1
0
0

A
ge

:1
8
−
6
0

La
ct
o
b
ac
ill
us

p
la
nt
ar
um

B
if
id
o
b
ac
te
ri
um

b
if
id
um

In
th
is

st
ud

y
ad

m
in
is
tr
at
io
n

o
f
a
p
ro
b
io
ti
c
fo
rm

ul
a
in

C
O
V
ID

‐1
9
p
at
ie
nt
s

im
p
ro
ve

d
th
e
w
ea

kn
es
s

an
d
sh
o
rt
en

ed
th
e

d
ia
rr
he

a
d
ur
at
io
n.

3
7

6
8

C
hi
na

2
0
2
1

C
o
ho

rt
N
=
3
2
3

M
ed

ia
n

ag
e
=
7
0
.5

(2
5
−
8
8
)

A
ci
ne

to
b
ac
te
r

kl
eb

si
el
la

T
he

st
ud

y
re
po

rt
ed

th
at

ch
an

ge
s
in

ai
rw

ay

m
ic
ro
bi
ot
a
in

se
ve

re

C
O
V
ID

‐1
9
pa

tie
nt
s
m
ay

be
du

e
to

in
tu
ba

ti
on

.

3
8

6
9

U
SA

2
0
2
1

C
o
ho

rt
N
=
1
1
2

M
ea

n
ag

e
=

5
6

Sa
liv
a

1
6
S
rR
N
A

se
q
ue

nc
in
g

St
re
p
to
co

cc
us
,

P
re
vo

te
lla

‐
A
lp
ha

an
d
B
et
a

d
iv
er
si
ty
:n
o

si
gn

if
ic
an

t
ch

an
ge

In
C
O
V
ID

‐1
9

p
at
ie
nt
s:

↑
P
re
vo

te
lla
p
al
le
ns

O
nl
y
a
m
ild

d
if
fe
re
nc

e

b
et
w
ee

n
th
e
sa
liv
a

m
ic
ro
b
io
m
e
o
f
th
e

C
O
V
ID

‐1
9
an

d
he

al
th
y

in
d
iv
id
ua

ls
w
as

se
en

.

14 of 33 | SEYEDALINAGHI ET AL.



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

↓
R
o
th
ia
m
uc

ila
gi
no

sa
↓
St
re
p
to
co

cc
us

sp
p

3
9

5
6

P
o
rt
ug

al
2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l
N
=
1
1
5
,

M
ed

ia
n
ag

e:
6
8
.0

(5
2
.0
–
7
6
.0
)

G
ut

P
ro
te
o
b
ac
te
ri
a

R
o
se
b
ur
ia

La
ch

no
sp
ir
a

It
se
em

s
th
at

G
ut

m
ic
ro
b
io
ta

co
m
p
o
si
ti
o
n
ca
n
b
e
a

p
re
d
ic
ti
ve

fa
ct
o
r
fo
r
th
e

se
ve

ri
ty

o
f
C
O
V
ID

‐1
9

d
is
ea

se
.

Se
ve

re
an

d
m
o
d
er
at
e

C
O
V
ID

‐1
9
p
at
ie
nt
s

ha
d
a
re
m
ar
ka

b
le

ch
an

ge
in

G
ut

m
ic
ro
b
io
m
e

co
m
p
o
si
ti
o
n.

G
ut

m
ic
ro
b
io
ta

in

m
o
d
er
at
e
an

d
se
ve

re
C
O
V
ID

‐1
9

p
at
ie
nt
s:

R
o
se
b
ur
ia

(b
ut
yr
at
e‐

p
ro
d
uc

in
g)

↓

La
ch

no
sp
ir
a

(b
ut
yr
at
e‐
p
ro
d
uc

in
g)

↓

P
ro
te
o
b
ac
te
ri
a
↑

4
0

7
1

It
al
y

2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l
N
=
3
8
,

A
ge

(C
O
V
ID

‐1
9

gr
o
up

):
3
5
−
8
4

N
as
o
p
ha

ry
nx

F
us
o
b
ac
te
ri
um

P
er
io
d
o
nt
ic
um

T
he

na
so

p
ha

ry
ng

ea
l

m
ic
ro
b
io
m
e
o
f

C
O
V
ID

‐1
9
p
at
ie
nt
s

w
as

no
ta
b
ly

ch
an

ge
d

co
m
p
ar
ed

to
H
ea

lt
hy

p
er
so

ns
.

T
he

st
ud

y
su
gg

es
ts

th
at

th
e

re
m
ar
ka

b
le

d
ep

le
ti
o
n
o
f

F
us
o
b
ac
te
ri
um

P
er
io
d
o
nt
ic
um

m
ay

b
e

d
ue

to
it
s
su
rf
ac
e

si
al
yl
at
io
n
ab

ili
ty
.

4
1

7
2

M
is
si
ss
ip
p
i

(U
SA

)

2
0
2
1

C
o
ho

rt
N
=
9
3

M
ea
n
ag
e

C
O
V
ID
‐1
9

pa
tie

nt
s:

62
.3
±
13

.4
R
ec

o
ve

re
d

p
at
ie
nt
s:

4
6
.7

±
1
6
.1

G
ut

C
am

p
yl
o
b
ac
te
r

C
o
ry
ne

b
ac
te
ri
um

K
le
b
si
el
la

D
ue

to
th
is

st
ud

y
th
e

co
m
p
o
si
ti
o
n
o
f
th
e
gu

t

m
ic
ro
b
io
m
e
is

no
t

re
la
te
d
to

th
e
se
ve

ri
ty

o
f

th
e
d
is
ea

se
.

th
e
gu

t
m
ic
ro
bi
al

co
m
po

si
tio

n
in

C
O
V
ID
‐1
9

pa
tie

nt
s
is
no

ta
bl
y

ch
an

ge
d
in

co
m
pa

ri
so
n
w
ith

he
al
th
y
in
di
vi
du

al
s.

T
he

re
co

ve
re
d

p
at
ie
nt
s’
gu

t
m
ic
ro
b
ia
l

co
m
p
o
si
ti
o
n
is

si
m
ila
r
to

th
e

co
nt
ro
l
gr
o
up

.

G
ut

m
ic
ro
b
io
m
e
o
f

C
O
V
ID

‐1
9
p
at
ie
nt
s:

ca
m
p
yl
o
b
ac
te
r↑

co
ry
ne

b
ac
te
ri
um

↑

4
2

7
3

P
o
rt
ug

al
2
0
2
1

O
b
se
rv
at
io
na

l
so
ci
al

di
st
an

ci
ng

du
rin

g

lo
ck
do

w
n:

↓
ba

ct
er
ia
l

tr
an

sm
is
si
on

be
tw

ee
n

pe
op

le
,l
ea
di
ng

to

↓
an

tib
io
tic

co
ns
um

pt
io
n.

an
ti
bi
ot
ic

re
si
st
an

ce

ge
ne

s
in

th
e

m
ic
ro
bi
om

e
↓

(C
o
nt
in
ue

s)

SEYEDALINAGHI ET AL. | 15 of 33



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

4
3

7
4

G
er
m
an

y
2
0
2
1

C
o
ho

rt
N
=
2
1
2
,

M
ea

n
ag

e
in

C
O
V
ID

‐1
9

gr
o
up

=
5
6
±
1
9

G
ut

St
re
p
to
co

cc
us

B
if
id
o
b
ac
te
ri
um

C
o
lli
ns
el
la

R
o
es
b
ur
ia

(b
ut
yr
at
e‐

p
ro
d
uc

in
g)

F
ae

ca
lib

ct
er
iu
m

(b
ut
yr
at
e‐
p
ro
d
uc

in
g)

R
ed

uc
ed

b
ut
yr
at
e‐
p
ro
d
uc

in
g

b
ac
te
ri
a
in

th
e
gu

t

m
ic
ro
b
io
m
e
ar
e
lin

ke
d
to

se
ve

re
d
is
ea

se
.

T
he

gu
t
m
ic
ro
b
io
m
e
o
f

C
O
V
ID

‐1
9
p
at
ie
nt
s

ha
d
a
m
uc

h
m
o
re

d
ep

le
te
d
b
ac
te
ri
al

ri
ch

ne
ss
.

G
ut

m
ic
ro
b
io
m
e
o
f

C
O
V
ID

‐1
9
p
at
ie
nt
s:

St
re
p
to
co

cc
us
↓

B
if
id
o
b
ac
te
ri
um

↓

C
o
lli
ns
el
la
↓

4
4

1
6

C
hi
na

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
N
=
1
9
2

A
ge

:
4
9
−
6
8

O
ro
p
ha

ry
nx

St
re
p
to
co

cc
us

Se
rr
at
ia

C
an

d
id
a

E
nt
er
o
co

cc
us

th
er
e
is

a
no

ta
b
le

lin
k

b
et
w
ee

n
U
R
T
m
ic
ro
b
io
ta

an
d
in
fl
am

m
at
o
ry

C
yt
o
ki
ne

le
ve

ls
an

d

th
er
ef
o
re

d
is
ea

se

se
ve

ri
ty
/m

o
rt
al
it
y.

M
ic
ro
b
io
ta

o
f
th
e
up

p
er

re
sp
ir
at
o
ry

tr
ac
t
in

C
O
V
ID

‐1
9
p
at
ie
nt
s

w
as

d
if
fe
re
nt

in

co
m
p
ar
is
o
n
w
it
h

he
al
th
y
in
d
iv
id
ua

ls
.

St
re
p
to
co

cc
us

w
as

fo
un

d
in

ab
un

d
an

ce
in

th
e
U
R
T

m
ic
ro
b
io
ta

o
f

re
co

ve
re
d
p
at
ie
nt
s.

C
an

d
id
a
an

d

E
nt
er
o
co

cc
us

w
er
e

d
et
ec

te
d
in

ab
un

d
an

ce
in

th
e

U
R
T
m
ic
ro
b
io
ta

o
f

d
ec

ea
se
d
C
O
V
ID

‐
1
9
p
at
ie
nt
s.

4
5

7
5

U
SA

2
0
2
1

C
ro
ss
‐
se
ct
io
na

l
‐

‐
‐

G
ut

m
ic
ro
o
rg
an

is
m
s’

im
p
ac
t
o
n
A
C
E
2
an

d
T
M
P
R
SS

2
m
ay

in
fl
ue

nc
e
th
e
ri
sk

o
f

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n.

T
he

gu
t
m
ic
ro
b
io
ta

ac
ti
va

ti
ng

M
A
IT

ce
lls
,

in
fl
ue

nc
e
C
O
V
ID

‐1
9

se
ve

ri
ty

b
y
af
fe
ct
in
g

T
an

d
B
ce

ll
fu
nc

ti
o
n.

In
fl
am

m
at
io
n
in

au
to
im

m
un

e

d
is
o
rd
er
s
an

d
C
O
V
ID

‐1
9
m
ay

b
e

ex
ac
er
b
at
ed

b
y
gu

t
b
ar
ri
er

im
p
ai
rm

en
t.

T
he

SA
R
S‐
C
o
V
‐2

sp
ik
e

p
ro
te
in

b
in
d
s

d
ir
ec

tl
y
to

LP
S,

al
te
ri
ng

it
s
fu
nc

ti
o
n

an
d
ag

gr
eg

at
io
n

st
at
e,

he
nc

e

in
cr
ea

si
ng

p
ro
‐

in
fl
am

m
at
o
ry

ac
ti
vi
ty
.

T
he

gu
t
m
ic
ro
b
io
m
e
is

vi
ta
l

in
co

nt
ro
lli
ng

an
d

tr
ai
ni
ng

th
e
ho

st
's

im
m
un

e
sy
st
em

.

4
6

7
8

It
al
y

2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l

o
b
se
rv
a-

ti
o
na

l
St
ud

y

3
9
C
O
V
ID

‐1
9

p
at
ie
nt
s

M
ea

n
ag

e
=

7
1
.1

±
1
8
.4

ye
ar
s

O
ra
l

St
re
p
to
co

cc
us
,

V
ei
llo

ne
lla
,

P
re
vo

te
lla
,

La
ct
o
b
ac
ill
us
,

St
re
p
to
co

cc
us
↑
,

V
ei
llo

ne
lla
,

P
re
vo

te
lla
↑
,

La
ct
o
b
ac
ill
us
↑
,

W
it
h
C
O
V
ID

‐1
9
,

si
gn

if
ic
an

t
d
ro
p
in

al
p
ha

‐d
iv
er
si
ty

an
d

b
ac
te
ri
a
sp
ec

ie
s

ri
ch

ne
ss
,
w
it
h
a

T
he

o
ra
l
m
ic
ro
b
io
m
e'
s

fu
ng

al
co

m
p
o
ne

nt
sh
o
w
ed

si
gn

if
ic
an

t

va
ri
an

ce
s.

16 of 33 | SEYEDALINAGHI ET AL.



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

C
ap

no
cy
to
p
ha

ga
,

A
b
io
tr
o
p
hi
a,

A
gg

re
ga

ti
b
ac
te
r,

A
to
p
o
b
iu
m
,

C
ap

no
cy
to
p
ha

ga
↑
,

A
b
io
tr
o
p
hi
a↑

,
A
gg

re
ga

ti
b
ac
te
r↑

,
A
to
p
o
b
iu
m
↑
,

H
ae

m
o
p
hi
lu
s↓

,
P
ar
vi
m
o
na

s↓
,

st
ro
ng

lin
k
b
et
w
ee

n

th
es
e
d
ec

re
as
es

an
d

sy
m
p
to
m

in
te
ns
it
y

w
it
h
an

in
cr
ea

se
o
f

p
ro
‐i
nf
la
m
m
at
o
ry

cy
to
ki
ne

s
lik
e
IL
‐6
,

T
N
F
a,

an
d
IL
‐1
b
.

C
O
V
ID

‐1
9
p
at
ie
nt
s
ha

d
a
hi
gh

er
o
ra
l
vi
ro
m
e

th
an

co
nt
ro
ls
.

T
N
F
a
an

d
G
M
‐C

SF

co
nc

en
tr
at
io
ns

w
er
e
hi
gh

er
in

C
O
V
ID

‐1
9
p
at
ie
nt
s,

b
ut

no
t
st
at
is
ti
ca
lly

si
gn

if
ic
an

t.

4
7

3
5

R
us
si
a

2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l
‐

‐
P
ro
b
io
ti
c
b
ac
te
ri
a,

La
ct
o
b
ac
ill
us

p
la
nt
ar
um

,

B
if
id
o
b
ac
te
ri
um

b
if
id
um

P
ro
b
io
ti
c
La

ct
o
b
ac
ill
us

st
ra
in
s
p
ro
d
uc

e
o
rg
an

ic
ac
id
s,

et
ha

no
l,
an

d

ex
o
p
o
ly
sa
cc
ha

ri
d
es
,

al
l
o
f
w
hi
ch

ha
ve

an
ti
vi
ra
l
ef
fe
ct
s.

T
he

B
if
id
o
b
ac
te
ri
um

ge
nu

s
p
ro
d
uc

es

o
rg
an

ic
ac
id
s,

et
ha

no
l,

ex
o
p
o
ly
sa
cc
ha

ri
d
es
,

an
d
ce

ll
w
al
l‐
re
le
as
ed

lip
o
p
ro
te
in
s,
w
hi
ch

ca
n
b
lo
ck

vi
ra
l

p
ar
ti
cl
e
in
te
ra
ct
io
ns

w
it
h
hu

m
an

m
uc

o
us

m
em

b
ra
ne

re
ce

p
to
rs
,

ha
lt
in
g
in
fe
ct
io
n

p
ro
gr
es
si
o
n.

‐
B
ac
te
ri
al

p
ro
b
io
ti
cs

p
re
ve

nt

re
sp
ir
at
o
ry

vi
ru
s

p
ro
lif
er
at
io
n
in

ce
ll

cu
lt
ur
e.

4
8

3
6

U
SA

2
0
2
1

C
lin

ic
al

tr
ia
l

p
ro
to
co

l
N
=
1
1
3
2

A
ge

≥
1
ye

ar
C
hi
ld
re
n

N
as
al

sw
ab

s,
st
o
o
l

sa
m
p
le
s

La
ct
o
b
ac
ill
us

rh
am

no
su
s
G
G

T
ak

in
g
LG

G
as

a
p
ro
b
io
ti
c
w
ill

p
ro
te
ct

ag
ai
ns
t
SA

R
S‐

C
o
V
‐2

in
fe
ct
io
n
an

d

re
d
uc

e
th
e
se
ve

ri
ty

o
f

d
is
ea

se
,a

nd
w
ill

b
e

as
so

ci
at
ed

w
it
h

b
en

ef
ic
ia
l
ch

an
ge

s
in

th
e

co
m
p
o
si
ti
o
n
o
f
th
e
gu

t

m
ic
ro
b
io
m
e.

‐
Im

p
ac
t
o
f
LG

G
o
n
th
e

m
ic
ro
b
io
m
e
in

SA
R
S‐

C
o
V
‐2

in
fe
ct
io
n,

sy
m
p
to
m
at
o
lo
gy

,
an

d

cl
in
ic
al

co
m
p
lic
at
io
ns
;

d
if
fe
re
nc

es
in

b
as
el
in
e

m
ic
ro
b
io
m
e
p
re
d
ic
ti
ng

C
O
V
ID

‐1
9
in
fe
ct
io
n
(ie

,

p
ro
te
ct
iv
e
m
ic
ro
b
io
m
e

si
gn

at
ur
e)
;
ef
fe
ct

o
f

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n

o
n
ch

an
ge

s
in

m
ic
ro
b
io
m
e;

th
e
im

p
ac
t

(C
o
nt
in
ue

s)

SEYEDALINAGHI ET AL. | 17 of 33



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

o
f
LG

G
o
n
th
e

m
ic
ro
b
io
m
e
in

E
H
C
at

hi
gh

ri
sk

o
f
C
O
V
ID

‐1
9

d
is
ea

se
.

4
9

7
9

C
hi
na

2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l
7
re
co

ve
re
d
C
O
V
ID

‐

1
9
m
al
e

p
at
ie
nt
s,

3
‐m

o
nt
hs

af
te
r

d
is
ch

ar
ge

.

F
ec

al
‐

R
o
th
ia
↑

E
ry
si
p
el
at
o
cl
o
st
ri
d
iu
m
↑

St
re
p
to
co

cc
us
,

A
ct
in
o
m
yc
es
,
an

d
V
ei
llo

ne
lla

in
cr
ea

se
s

w
er
e
no

te
d
b
ut

no
t

st
at
is
ti
ca
lly

si
gn

if
ic
an

t.
an

ti
‐i
nf
la
m
m
at
o
ry

b
ac
te
ri
a↓

‐
T
he

gu
t
m
ic
ro
b
io
ta

o
f

re
co

ve
re
d
p
at
ie
nt
s

va
ri
ed

fr
o
m

he
al
th
y

co
nt
ro
ls

in
te
rm

s
o
f

C
ha

o
in
d
ex

,
Si
m
p
so
n
in
d
ex

,
an

d
b‐
d
iv
er
si
ty
.

T
he

un
b
al
an

ce
d
gu

t
fl
o
ra

m
ay

no
t
b
e

to
ta
lly

re
p
ai
re
d
in

re
co

ve
re
d
C
O
V
ID

‐
1
9
p
at
ie
nt
s.

5
0

8
1

Sp
ai
n

2
0
2
0

R
et
ro
sp
ec

ti
ve

co
ho

rt
N
=
1
7
7

m
ed

ia
n
ag

e
o
f

6
8
.0

ye
ar
s

N
as
o
p
ha

ry
ng

ea
l

A
ct
in
o
b
ac
ill
us

sp
p
.,

C
it
ro
b
ac
te
r
sp
p
.,

C
ra
ur
o
co

cc
us

sp
p
.,

o
r
M
o
he

ib
ac
te
r
sp
p
.

‐
R
ed

uc
e
th
e
ri
sk

o
f
IM

V

an
d
re
d
uc

e
th
e
ri
sk

o
f
d
ea

th

T
he

m
ic
ro
b
ia
lα

d
iv
er
si
ty

in
d
ex

es
w
er
e
lo
w
er

in
p
at
ie
nt
s
w
ho

d
ie
d
,
an

d
th
e

βd
iv
er
si
ty

an
al
ys
is

re
ve

al
ed

co
ns
id
er
ab

le

cl
us
te
ri
ng

.
A

m
o
re

d
iv
er
se

na
so
p
ha

ry
ng

ea
l

m
ic
ro
b
io
ta

w
it
h

ce
rt
ai
n
sp
ec

ie
s

se
em

s
to

b
e
an

ea
rl
y

b
io
m
ar
ke

r
o
f
cl
in
ic
al

im
p
ro
ve

m
en

t
in

ho
sp
it
al
iz
ed

C
O
V
ID

‐1
9
p
at
ie
nt
s.

5
1

3
7

C
hi
na

2
0
2
1

R
an

d
o
m
iz
ed

co
nt
ro
lle

d

tr
ia
l

P
at
ie
nt
s
w
it
h
m
ild

‐

to
‐s
ev

er
e

C
O
V
ID

‐1
9
an

d

su
sp
ec

te
d
G
M
D
.

N
as
o
p
ha

ry
ng

ea
l

sw
ab

,
fe
ce

s

‐
‐

‐
T
he

im
p
ac
t
o
f
W

M
T
o
n

o
rg
an

fu
nc

ti
o
n,

ho
m
eo

st
as
is
,

in
fl
am

m
at
o
ry

re
sp
o
ns
e,

in
te
st
in
al

m
uc

o
sa
l
b
ar
ri
er

fu
nc

ti
o
n,

an
d

im
m
un

it
y
in

18 of 33 | SEYEDALINAGHI ET AL.



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

C
O
V
D
‐1
9
p
at
ie
nt
s

su
sp
ec

te
d
o
f

ha
vi
ng

G
M
D
.

W
M
T
is

ef
fe
ct
iv
e
an

d
sa
fe

fo
r
C
O
V
ID

‐1
9

p
at
ie
nt
s.

5
2

1
5

C
hi
na

2
0
2
1

C
ro
ss
‐S
ec

ti
o
na

l
5
3
C
O
V
ID

‐1
9

p
at
ie
nt
s

T
hr
o
at

sw
ab

s,
fe
ca
l

‐
B
la
ut
ia
↓
,C

o
p
ro
co

cc
us
↓
,

C
o
lli
ns
el
la
↓
,B

.

ca
cc
ae

↓
,B

.
co

p
ro
p
hi
lu
s↓

C
.

co
lin

um
sp
ec

ie
s↓

;
St
re
p
to
co

cc
us
↑
,

E
nt
er
o
co

cc
us
↑
,

La
ct
o
b
ac
ill
us
↑
,

A
ct
in
o
m
yc
es
↑
,

G
ra
nu

lic
at
el
la

↑
at

th
e

ge
nu

s
le
ve

l,
C
.

ci
tr
o
ni
ae

↑
,
B
.

lo
ng

um
,R

.
m
uc

ila
gi
no

sa
↑

N
ei
ss
er
ia
↓

C
o
ry
ne

b
ac
te
ri
um

↓
,

A
ct
in
o
b
ac
ill
us
↓
,

M
o
ry
el
la
↓
,

A
gg

re
ga

ti
b
ac
te
r↓

,
T
re
p
o
ne

m
a↓

,a
nd

P
se
ud

o
m
o
na

s↓
at

th
e
ge

nu
s
le
ve

l,
P
.
in
te
rm

ed
ia
↓

V
ei
llo

ne
lla
↑
,

C
am

p
yl
o
b
ac
te
r↑

,
K
in
ge

lla
↑
,

H
.
p
ar
ai
nf
lu
en

za
e↑

,
R
.
m
uc

ila
gi
no

sa
↑
,

N
.
su
b
fl
av

a↑

T
he

al
p
ha

an
d
b
et
a
d
iv
er
si
ty

in
d
ex

es
sh
o
w
ed

th
at

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n

al
te
re
d
th
e
m
ic
ro
b
io
m
e

co
m
m
un

it
y
in

p
at
ie
nt
s.

5
3

8
2

C
hi
na

2
0
2
1

C
ro
ss
‐
se
ct
io
na

l
1
1
C
O
V
ID

‐1
9

P
ha

ry
ng

ea
l
sw

ab
s

‐
St
re
p
to
co

cc
us

su
is

an
d
S.

ag
al
ac
ti
ae

m
ig
ht

in
d
uc

e

A
C
E
2
ex

p
re
ss
io
n
in

V
er
o

ce
lls
,p

ro
m
o
ti
ng

SA
R
S‐

C
o
V
‐2

in
fe
ct
io
n.

T
he

se

en
ha

nc
ed

p
at
ho

ge
ns

in

p
ha

ry
nx

es
m
ay

p
ro
d
uc

e

se
co

nd
ar
y
b
ac
te
ri
al

in
fe
ct
io
ns

b
y
al
te
ri
ng

th
e

ex
p
re
ss
io
n
o
f
th
e
vi
ra
l

re
ce

p
to
r
A
C
E
2
o
r

m
o
d
ul
at
in
g
th
e
ho

st
's

im
m
un

e
sy
st
em

.

‐
C
O
V
ID

‐1
9
en

ha
nc

ed

p
at
ho

ge
ns

m
ay

p
la
y

a
ro
le

in
SA

R
S‐
C
o
V
‐

2
in
fe
ct
io
ns
.

T
he

al
p
ha

d
iv
er
si
ty

o
f

th
e
tw

o
p
at
ie
nt

sa
m
p
le
s
(C
O
V
ID

‐1
9

an
d
no

n
‐C

O
V
ID

‐1
9
)

d
if
fe
re
d
si
gn

if
ic
an

tl
y

fr
o
m

th
e
he

al
th
y

in
d
iv
id
ua

l
gr
o
up

.

O
bs
er
ve

d
sp
ec
ie
s
an

d
Sh

an
no

n
in
de

x
sh
ow

ed
no

si
gn

ifi
ca
nt

di
ff
er
en

ce
.

5
4

8
3

C
hi
na

2
0
2
1

C
ro
ss
‐
se
ct
io
na

l
9
C
O
V
ID

‐1
9

ch
ild

re
n,

(7
−
1
3
9
m
o
nt
hs
)

T
hr
o
at

sw
ab

s,
na

sa
l

sw
ab

s,
o
r
fe
ce

s

‐
B
ac
te
ro
id
et
es
↑
,

F
ir
m
ic
ut
es
↑

P
ro
te
o
b
ac
te
ri
a↑

in
th
e
re
sp
ir
at
o
ry

tr
ac
t

T
he

m
ic
ro
b
io
m
es

in
C
O
V
ID

‐1
9

ch
ild

re
n'
s
th
ro
at

an
d
na

sa
l
sw

ab
s

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n

ch
an

ge
s
up

p
er

re
sp
ir
at
o
ry

tr
ac
t
an

d

(C
o
nt
in
ue

s)

SEYEDALINAGHI ET AL. | 19 of 33



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

B
ac
te
ro
id
et
es
↑
,

F
ir
m
ic
ut
es

↑
in

th
e
gu

t.
P
se
ud

o
m
o
na

s↑
,

in
b
o
th

th
e
up

p
er

re
sp
ir
at
o
ry

tr
ac
t
an

d
th
e
gu

t
C
o
m
am

o
na

d
ac
ea

e_
U
↑

in
th
e
up

p
er

re
sp
ir
at
o
ry

tr
ac
t

w
er
e
co

ns
id
er
ab

ly
le
ss

ri
ch

A
nd

th
e
gu

t
m
ic
ro
b
io
ta

w
as

fo
un

d
to

b
e
m
o
re

ev
en

th
an

th
at

o
f

he
al
th
y
co

nt
ro
ls
.

gu
t
m
ic
ro
b
io
m
es

in
ni
ne

ch
ild

re
n.

5
5

8
4

C
hi
na

2
0
2
1

C
o
ho

rt
N
=
1
0
0
,

3
6
.4

±
1
8
.7

G
ut

E
ub

ac
te
ri
um

re
ct
al
e

B
if
id
o
b
ac
te
ri
a

F
ae

ca
lib

ac
te
ri
um

p
ra
us
ni
tz
ii

B
ac
te
ro
id
es

d
o
re
i

T
he

co
m
p
o
si
ti
o
n
o
f
gu

t
m
ic
ro
b
io
ta

in
C
O
V
ID

‐
1
9
p
at
ie
nt
s
is
no

ta
b
ly

lin
ke

d
to

th
e
le
ve

l
o
f

in
fl
am

m
at
o
ry

cy
to
ki
ne

s
an

d
se
ve

ri
ty

o
f
th
e

d
is
ea

se
.

La
st
in
g
gu

t
m
ic
ro
b
io
ta

ch
an

ge
s
in

C
O
V
ID

‐1
9

p
at
ie
nt
s
af
te
r

re
co

ve
ry

le
ad

s
to

p
er
si
st
en

t
sy
m
p
to
m
s.

G
ut

m
ic
ro
b
io
ta

is

m
ea

ni
ng

fu
lly

ch
an

ge
d
in

C
O
V
ID

‐

1
9
p
at
ie
nt
s.

G
ut

m
ic
ro
b
io
ta

in
C
O
V
ID

‐1
9
p
at
ie
nt
s:

E
ub

ac
te
ri
um

re
ct
al
e↓

B
if
id
o
b
ac
te
ri
a↓

F
ae

ca
lib

ac
te
ri
um

p
ra
us
ni
tz
ii↓

B
ac
te
ro
id
es

d
o
re
i↑

5
6

8
5

C
hi
na

2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l
N
=
6
6
,

M
ea

n
=
4
2
.6

±
1
9

G
ut

B
if
id
o
b
ac
te
ri
um

ad
o
le
sc
en

ti
s

F
p
ra
us
ni
tz
ii

R
um

in
o
co

cc
us

b
ro
m
ii

B
ac
te
ro
id
es

d
o
re
i

B
ac
te
ro
id
es

o
va

tu
s

B
ac
te
ro
id
es

th
et
ai
o
ta
o
m
ic
ro
n

T
he

m
ic
ro
b
io
ta

ch
an

ge
s
in

C
O
V
ID

‐1
9
p
at
ie
nt
s
le
ad

to
in
cr
ea

se
d
sy
m
p
to
m
s

an
d
m
o
re

se
ve

re
d
is
ea

se
.

T
he

gu
t
m
ic
ro
b
io
ta

o
f

C
O
V
ID

‐1
9

p
at
ie
nt
s,

(e
sp
ec

ia
lly

in
se
ve

re
d
is
ea

se
)

ch
an

ge
d

m
ea

ni
ng

fu
lly

co
m
p
ar
ed

to
he

al
th
y

in
d
iv
id
ua

ls
.

B
if
id
o
b
ac
te
ri
um

↓

F
p
ra
us
in
it
zi
i↓

T
he

ch
an

ge
s
in

th
e

m
ic
ro
b
io
ta

in
C
O
V
ID

‐

1
9
p
at
ie
nt
s
le
ad

to

Lo
w
er

le
ve

ls
o
f
L‐

Is
o
le
uc

in
e
an

d
SC

F
A

(S
ho

rt
‐C

ha
in

F
at
ty

A
ci
d
)
an

d
L‐
Is
o
le
uc

in
e

ev
en

o
ne

m
o
nt
h
af
te
r

re
co

ve
ry

an
d
th
is

ca
us
es

m
o
re

se
ve

re

d
is
ea

se
.

5
7

3
8

C
hi
na

2
0
2
1

C
o
ho

rt
N
=
3
7
5

M
ed

ia
n
ag

e
=
5
0

(N
o
np

ro
b
io
ti
c)

4
8
(P
ro
b
io
ti
c)

G
ut

La
ct
o
b
ac
ill
us
,

B
if
id
o
b
ac
te
ri
um

E
nt
er
o
co

cc
us

P
ro
b
io
ti
cs

re
d
uc

ed
th
e
le
ng

th

o
f
C
O
V
ID

‐1
9
ill
ne

ss
an

d

ho
sp
it
al
iz
at
io
n.

A
d
m
in
is
tr
at
io
n
o
f
p
ro
b
io
ti
cs

en
ha

nc
ed

th
e
co

nd
it
io
n

o
f
C
O
V
ID

‐1
9
p
at
ie
nt
s.

20 of 33 | SEYEDALINAGHI ET AL.



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

5
8

3
9

C
hi
na

2
0
2
2

C
lin

ic
al

T
ri
al

N
=
5
5

G
ut

B
if
id
o
b
ac
te
ri
a

A
d
m
in
is
tr
at
io
n
o
f
SI
M
0
1
(a

m
ic
ro
b
io
m
e
co

m
p
o
un

d
)

in
C
O
V
ID

‐1
9
p
at
ie
nt
s
le
d

to
in
cr
ea

se
d
an

ti
b
o
d
ie
s

an
d
lo
w
er

le
ve

ls
o
f

in
fl
am

m
at
o
ry

m
ar
ke

rs
.

5
9

8
6

C
hi
na

2
0
2
1

C
ro
ss
‐s
ec

ti
o
na

l
N
=
1
8
7

M
ea

n
ag

e:

3
9
(3
2
–
5
7
)

G
ut

Sa
cc
ha

ro
m
yc
es

ce
re
vi
si
ae

E
nt
er
o
co

cc
us

fa
ec

al
is

B
ac
te
ro
id
es

fr
ag
ili
s

T
he

gu
t
m
ic
ro
b
io
ta

in

C
O
V
ID

‐1
9
p
at
ie
nt
s
w
it
h

fe
ve

r
w
as

d
if
fe
re
nt

fr
o
m

th
o
se

w
it
ho

ut
fe
ve

r.
it

se
em

s
th
at

th
e
gu

t

m
ic
ro
b
io
ta

ch
an

ge
s
ca
n

p
la
y
a
p
ar
t
in

ca
us
in
g

fe
ve

r
th
ro
ug

h

in
fl
am

m
at
o
ry

re
ac
ti
o
ns
.

In
C
O
V
ID

‐1
9
p
at
ie
nt
s

w
it
h
fe
ve

r:

Sa
cc
ha

ro
m
yc
es

ce
re
vi
si
ae
↑

E
nt
er
o
co

cc
us

fa
ec

al
is
↑

C
O
V
ID

‐1
9
p
at
ie
nt
s

w
it
ho

ut
fe
ve

r:
B
ac
te
ro
id
es

fr
ag
ili
s↑

6
0

8
7

C
hi
na

2
0
2
1

C
o
ho

rt
N
=
2
9

A
ge

:
2
8
−
4
1

M
ed

ia
n:

2
9

G
ut

F
p
ra
us
ni
tz
ii

E
sc
he

ri
ch

ia
un

cl
as
si
fi
es

T
he

la
st
in
g
gu

t
m
ic
ro
b
io
ta

d
ys
b
io
si
s
o
f
he

al
th
ca
re

w
o
rk
er
s
3
m
o
nt
hs

af
te
r

re
co

ve
ry

le
ad

s
to

p
er
si
st
en

t
sy
m
p
to
m
s.

T
he

G
ut

m
ic
ro
b
io
ta

o
f
H
ea

lt
hc

ar
e

w
o
rk
er
s
w
it
h

p
re
vi
o
us

SA
R
S‐

C
o
V
‐2

in
fe
ct
io
n

w
as

d
if
fe
re
nt

in
co

m
p
ar
is
o
n
to

no
n
‐C

O
V
ID

gr
o
up

ev
en

3
m
o
nt
hs

af
te
r

re
co

ve
ry
.

(b
en

ef
ic
ia
l

b
ac
te
ri
a↓

O
p
p
o
rt
un

is
ti
c

p
at
ho

ge
ns

↑
)

6
1

6
7

C
hi
na

2
0
2
1

P
ilo

t o
b
se
rv
a-

ti
o
na

l
st
ud

y

N
=
1
5
,

M
ea

n=
5
3
.8

G
ut

M
o
rg
an

el
la
m
o
rg
an

i
C
o
lli
ns
el
la

ae
ro
fa
ci
en

s

St
re
p
to
co

cc
us

in
fa
nt
is

In
C
O
V
ID

‐1
9
p
at
ie
nt
s,

th
e
gu

t
m
ic
ro
b
io
ta

w
as

ch
an

ge
d
an

d

o
p
p
o
rt
un

is
ti
c

p
at
ho

ge
ns

w
er
e

in
cr
ea

se
d
.

G
ut

m
ic
ro
b
io
ta

in
C
O
V
ID

‐1
9
p
at
ie
nt
s:

M
o
rg
an

el
la
m
o
rg
an

i↑

C
o
lli
ns
el
la

ae
ro
fa
ci
en

s↑
St
re
p
to
co

cc
us

in
fa
nt
is
↑

(C
o
nt
in
ue

s)

SEYEDALINAGHI ET AL. | 21 of 33



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

ID

F
ir
st

au
th
o
r

C
o
un

tr
ie
s

Y
ea

r
o
f

p
ub

lic
at
io
n

T
yp

e
o
f
st
ud

y

P
o
p
ul
at
io
n
(n
o
,

m
ea

n
ag

e
±
SD

)
Sa

m
p
lin

g
lo
ca
ti
o
n

T
yp

e
o
f
m
ic
ro
b
io
ta

H
o
w

m
ic
ro
b
io
ta

af
fe
ct

th
e

co
ur
se

o
f
th
e
C
O
V
ID

‐1
9

H
o
w

SA
R
S‐
C
o
V
‐2

in
fe
ct
io
n
af
fe
ct

th
e

m
ic
ro
b
io
ta

Su
m
m
ar
y
o
f
fi
nd

in
gs

6
2

8
8

C
hi
na

2
0
2
0

C
ro
ss
‐s
ce

ct
io
na

l
N
=
6
9
,

M
ed

ia
n
A
ge

:
4
6
(C
O
V
ID

‐1
9
)

6
3
(P
ne

um
o
ni
a)

3
4
(H

ea
lt
hy

)

G
ut

A
sp
er
gi
llu

s
fl
av

us
C
an

di
da

al
bi
ca
ns

C
an

d
id
a
au

ri
s

In
C
O
V
ID

‐1
9

p
at
ie
nt
s,
th
e
gu

t
m
ic
ro
b
io
m
e
w
as

d
if
fe
re
nt

in

co
m
p
ar
is
o
n
w
it
h

th
e
no

n
‐C

O
V
ID

gr
o
up

.
C
an

d
id
a
sp
ec

ie
s↑

In
C
O
V
ID

‐1
9
p
at
ie
nt
s

A
sp
er
gi
llu

s
fl
av

us
,

C
an

di
da

al
bi
ca
ns
,a

nd

ca
nd

id
a
A
ur
is

w
er
e

in
cr
ea

se
d
in

th
e
gu

t

m
ic
ro
b
io
m
e
an

d
th
ey

w
er
e
no

t
fo
un

d
in

he
al
th
y
in
d
iv
id
ua

ls

6
3

8
0

C
hi
na

2
0
2
0

C
ro
ss
‐s
ec

ti
o
na

l
N
=
3
6
,

M
ed

ia
n
A
ge

:
5
5
(C
O
V
ID

+
)

5
0
(P
ne

um
o
ni
a
+
)

4
8

(H
ea

lt
hy

)

G
ut

C
o
p
ro
b
ac
ilu

m
C
lo
st
ri
d
iu
m

ra
m
o
su
m

C
lo
st
ri
d
iu
m

ha
th
ew

ay
i

F
p
ra
us
ni
tz
ii

T
he

ch
an

ge
s
in

th
e
gu

t

m
ic
ro
b
io
m
e
o
f
C
O
V
ID

‐

1
9
p
at
ie
nt
s
ca
n
ca
us
e

m
o
re

se
ve

re
d
is
ea

se
.

T
he

gu
t
m
ic
ro
b
io
m
e

w
as

d
if
fe
re
nt

in
C
O
V
ID

‐1
9

p
at
ie
nt
s

co
m
p
ar
ed

to
no

n
‐

C
O
V
ID

gr
o
up

.
(b
en

ef
ic
ia
l
b
ac
te
ri
a↓

O
p
p
o
rt
un

is
ti
c

p
at
ho

ge
ns
↑
)

C
o
p
ro
b
ac
ilu

m
,

ra
m
o
su
m

C
lo
st
ri
d
iu
m
,

ra
m
o
su
m

an
d
C
lo
st
ri
d
iu
m

ha
th
ew

ay
i
w
er
e

lin
ke

d
to

m
o
re

se
ve

re
d
is
ea

se
,

w
hi
le

F
p
ra
us
ni
tz
ii

ha
s
a
ne

ga
ti
ve

co
rr
el
at
io
n
to

th
e

se
ve

ri
ty

o
f
th
e

d
is
ea

se
.

22 of 33 | SEYEDALINAGHI ET AL.



abundance of Bacteroides, Streptococcus, Fusobacterium, Campylobac-

ter, Lactobacillus, Proteobacteria, Enterococcaceae, Enterococcus,

Rothia, Pseudomonas, Veillonella, Clostridium, and Staphylococcaceae,

and lower presence of Coprococcus, Faecalibacterium, Eubacterium,

Roseburia, Bifidobacterium, and Blautia.

4.2 | Specific differences in gut microbiome
of COVID‐19 patients compared to the general
healthy population

Five included studies reported an increase in Bacteroides in

COVID‐19 patients51,63,84–86 while only one reported a decrease.40

These studies observed a rise in Bacteroides stercoris, Bacteroides

dorei, Bacteroides vulgatus, Bacteroides massiliensis, Bacteroides

TABLE 2 Newcastle−Ottawa Scale (NOS) bias risk assessment of
the study.

Reference
Selection
(out of 4)

Comparability
(out of 2)

Exposure/
outcome
(out of 3)

Total
(out of 9)

29 3 1 2 6

23 3 2 2 7

30 3 2 2 7

31 2 2 3 7

32 3 2 3 8

33 3 1 2 6

28 4 2 3 9

34 3 1 3 7

35 3 1 3 7

36 3 1 3 7

24 2 2 1 5

37 2 1 2 5

38 3 2 2 7

39 3 2 3 8

40 3 1 2 6

41 2 2 3 7

42 2 1 2 5

43 4 1 2 7

44 4 1 2 7

45 3 2 2 7

21 3 2 2 7

20 3 1 2 6

46 3 1 2 6

47 3 1 2 6

48 3 2 2 7

49 3 1 1 5

50 4 1 3 8

51 3 2 3 8

52 3 2 2 7

53 2 2 2 6

54 2 2 2 6

55 3 2 2 7

22 3 2 2 7

25 2 2 2 6

26 4 1 2 7

56 3 1 3 7

57 3 1 2 6

58 3 1 3 7

TABLE 2 (Continued)

Reference
Selection
(out of 4)

Comparability
(out of 2)

Exposure/
outcome
(out of 3)

Total
(out of 9)

27 3 2 3 8

59 4 1 2 7

60 3 2 3 8

61 4 2 2 8

62 4 2 2 8

63 3 2 2 7

64 3 2 2 7

65 3 2 2 7

66 4 2 2 8

67 3 2 2 7

68 3 1 2 6

69 3 2 2 7

70 3 1 3 7

71 3 1 3 7

72 3 2 3 8

73 4 2 2 8

74 4 2 3 9

75 4 2 2 8

76 3 2 2 7

77 3 1 3 7

78 3 1 2 6

79 3 2 3 8

80 4 2 2 8

81 3 1 2 6

20 3 1 2 6
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oleiciplenus, and Bacteroides ovatus as main species in fecal samples of

COVID‐19 patients. Additionally, one study reported an increase in

Bacteroides fragilis in afebrile COVID‐19 patients. Bacteroides have a

crucial role in the gut microbiome and their alterations have been

linked to several diseases.103–105 Additionally, it is shown thatBacter-

oides could downregulate ACE‐2 receptor expression106; thus, they

probably can limit SARS‐CoV‐2 replication in the gut. Bacteroides

dorei is a controversial bacterium because of the fact that they also

can downregulate the ACE‐2 receptor but they are also linked to

some proinflammatory cytokines.107

One study reported a decrease in the levels of Blautia spp.,15

while another study reported increasing patterns.40 Also,Blautia spp.

in the gut microbiome of CRC patients has been linked to more

severe disease42 and its increased levels have been reported after

COVID‐19 recovery.44 A similar study has reported increasing levels

of opportunistic pathogens such asBlautia spp., and linked this species

with a more severe illness.108

One study reported decreasing levels of Clostridium nexile,63 and

another article reported possible associations betweenClostridium

ramosum and Clostridium hatheway with severe forms of COVID‐19

disease and portal vein thrombosis.80 Also,Clostridium leptum has

been positively correlated to neutrophil counts in COVID‐19

patients; while Clostridium butyricum is negatively correlated.36 Some

studies have also reported that increasing levels of Clostridium difficile

can worsen COVID‐19 patients' condition.109,110

Four studies reported increasing levels of Streptococcus

spp.40,63,67,79 and two articles specified Streptococcus thermo-

philus,63 and Streptococcus infantis67 as the main increasing

bacteria, while two studies reported its decreased levels.63,74

Some studies have noted the increase inStreptococcus spp. would

be an indicator of opportunistic pathogens abundance.111,112

Streptococcus increase has been linked to the excessive expres-

sions of proinflammatory cytokines.112,113Streptococcus thermo-

philusis was also positively correlated with the severity of

F IGURE 1 PRISMA flow diagram of the study selection process. PRISMA, Preferred Reporting Items for Systematic Reviews and
Meta‐Analyses.
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COVID‐19.63 It is also shown thatStreptococcus spp. can impact

the lung microbiome and cause inflammatory conditions.114

One study reported an increase in Lachnospira levels63 while the

other study reported a decline in its levels.56 Several studies have

reported thatLachnospira assists with gut homeostasis among

COVID‐19 patients.105,115–117

Two articles reported a declining pattern of Coprococcus genus

in the gut microflora of COVID‐19 patients.15,63 Cao et al.

showed thatCoprococcus catus could decrease among antibiotic‐

receiving COVID‐19 patients.115 In addition, one study found

relatively lower levels of Coprococcus, in COVID‐19 patients

compared to both flu patients and healthy cases.112 Coprococcus

was also reported to be positively correlated with lymphocyte

counts.118

Regarding Eubacterium, Eubacterium hallii and Eubacterium

rectale were the main species that declined.63,84 Many other studies

have reported its decreasing levels can be linked to antibiotic overuse

among COVID‐19 patients.106,119 While, Eubacterium ventriosum

have been shown to have anti‐inflammatory effects.115

Fusobacterium ulcerans was unique bacteria found in COVID‐19

patients' microflora.63 It has been found that the abundance

of Fusobacterium would increase proinflammatory factors.120

Two studies reported increasing levels of Campylobacter,15,72 and

one study found possible associations between this genus with a

more severe disease.48 One similar study has reported the abundance

of Campylobacter gracilis among severe cases of COVID‐19.115 Also,

one study has mentionedCampylobacter among the top three

abundant opportunistic pathogens.82

One study reported an increase in Corynebacterium levels,72

while one other study reported a decrease.15 In a similar study,

Corynebacterium durum was reported to be increased among severe

COVID‐19 cases.115

Four studies stated a decrease in Bifidobacterium in COVID‐19

patients' gut microbiome40,74,84,85 while only one study reported an

increase in its levels.63 Many species of these genera including;

Bifidobacterium animalis, B. longum and B. bifidum have been shown to

reduce the levels of inflammatory cytokines, and enhance anti‐

inflammatory cytokines.121 In addition, the scientific society has a

particular interest in this bacterium as a probiotic with anti‐

inflammatory properties for the treatment of many conditions

ranging from IBD to Clostridioides difficile infection.122,123 Similar

studies also reported a decline in Bifidobacterium of COVID‐19

patients' gut microbiome.124 This shows the possible vital effects of

this genus in regulating the immune system and outlines that its

decline among COVID‐19 patients would have detrimental impacts

on the prognosis and severity of the disease.

Two studies reported Lactobacillus increase.50,85 While one study

reported a decline inLactobacillus spp. in the samples of COVID‐19

patients.125 One similar study conducted in China reported

decreased levels of Lactobacillus.126 It has been shown that gut

commensals includinglactobacillus regulate the immune system, and

Lactobacillus casei would enhance the phagocytic activity of

macrophages and has protective effects against flu virus infections.

These studies signify the possible anti‐inflammatory effects of

Lactobacillus.127

Roseburia decrease was reported and linked to severe COVID‐19

infection.56 Similar studies showedRoseburia decrease among

COVID‐19 and influenza cases.80,89,115,128 Roseburia is anti‐

inflammatory, maintains mucosal integrity, limits the opportunistic

pathogens’ overgrowth, and improve antiviral immunity.129,130 Thus,

its possible decrease in COVID‐19 patients would probably pre-

dispose them to a more severe disease course.

One study has reported a decline in Faecalibacterium

prausnitzii,84 while another study reported an increase in this genus.40

Similarly, a significantly lower abundance of Faecalibacterium among

COVID‐19 patients was reported by Hazan et al., who also reported

that the increase of Faecalibacterium prausnitzii was inversely

associated with SARS‐CoV‐2 positivity and COVID‐19 severity.124

In addition, many studies have linkedFaecalibacterium decrease to

COVID‐19 severity.36,114

One study reported that Firmicutes was observed more among

negative or recovered COVID‐19 patients44 and two studies

reported declining patterns of this bacteria50,57 while, two other

studies reported its increasing levels.61,83 In addition, one study has

shown that theFirmicutes to Bacteroidetes had increased among acute

COVID‐19 patients.61 Conversely, another study reported the

opposite and stated that this ratio had declined among them.63

Khan et al. also reported significant decrease in Firmicutes among

COVID‐19 patients, and also indicated a gradual decline in

Firmicutes to Bacteroidetes ratio from mild to severe COVID‐19

infected groups,116 similarly this decline has been reported in

systemic inflammation, cognitive disorders, Crohn's disease,

depression, and diabetes mellitus type 2.131,132 All these studies

show the possible effects of Firmicutes and Firmicutes to

Bacteroidetes ratio, on inflammatory and autoimmune reactions

in a variety of diseases such as COVID‐19.

Three studies demonstrated Enterococcaceae and Enterococcus

abundance in COVID‐19 patients' gut samples.15,50,86 Zou et al. spe-

cifiedEnterococcus faecalis as the main increasing species patients

with fever.86 Tang et al. also stated thatEnterococcus to Enterobacter-

iaceae ratio could change in severe/critical COVID‐19 cases, and it

significantly rose in deceased patients compared to survivors, thus

this index can have a predictive value for ill COVID‐19 pa-

tients.133 Enterococcus abundance may play an important role in

the severity and poor outcomes of COVID‐19 patients.

Rothia spp. increase was reported by two studies.15,79 Similarly,

other studies have reported increasing levels of opportunistic

bacteria includingRothia spp. among COVID‐19 patients.79,89 Some

studies have previously reported possible associations of this

bacterium with lung injuries.17,106 One study reported thatRothia

was higher even among recovered patients compared to the control

group, which would be indicative of COVID‐19 long‐term effects on

gut microbiota.

One study reported a decrease in Pseudomonas levels15; while

another study reported the opposite.83 Prasad et al. also reported an

abundance of Pseudomonas spp. in blood samples of COVID‐19
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patients.125 Pseudomonas was among the most predominant genera

in the lung microbiome of COVID‐19 patients.134,135

Collinsella aerofaciens was reported by one study to increase in

gut microbiota,67 while other studies stated that it had decreasing

patterns.15,74 Collinsella, is reported by some studies in the gut

microbiome of severe cases of COVID‐19 patients. One study

reported that this bacteria has the following effects: limiting SARS‐

CoV‐2 attachment to ACE‐2, suppressing inflammatory cytokines,

and has antiapoptotic and antioxidant features, the same study

concluded that lower presence of Collinsella was associated with high

COVID‐19 mortality while its normal presence was significantly

correlated to lower mortality rates among COVID‐19 patients.136

In regard to Ruminococcus genus, one study reported increasing

levels of this bacteria in the gut flora of CRC patients that would

predispose them to more severe COVID‐19 disease,42 and another

study found a negative association between this bacteria and

COVID‐19 viral load.15 Similar studies have reported a high

abundance of Ruminococcus gnavus, and Ruminococcus torques

species among COVID‐19 patients.84 Some studies have reported

decreasing levels of Ruminococcus bromii, and Ruminococcus obeum in

the gut flora of COVID‐19 patients.80,137

One study had reported increasing levels of fungal microorgan-

isms including; Aspergillus flavus, Aspergillus niger, and Candida

Albicans in the gut microbiome of COVID‐19 patients.88 On the

other hand, the study by Lv et al. reported a decrease in Aspergillus

rugulosus, Aspergillus tritici, and Aspergillus penicillioidein COVID‐19

patients' gut microbiome.137

Veillonella genus increase among COVID‐19 patients was

reported by three articles.15,50,79 Similar studies have reported the

abundance of this bacterium in the gut microbiome composition of

COVID‐19 patients, and one specified Veillonella parvula as the main

increasing species.89,115,138 One study also indicated that Veillonella

may be associated with the severity of COVID‐19.138

One study linked Staphylococcus epidermis with a more severe

course of diseases,48 and another study reported its increasing levels in

gut microbiota.50 Similarly, one study reported the abundance

of Staphylococcaceae spp. in serums samples of COVID‐19 patients.125

4.3 | URT microbiome dysbiosis of COVID‐19
patients

The relation between the microbiota of the URT, including

nasopharyngeal, oropharyngeal, and respiratory tract, and COVID‐

19 as a viral respiratory disease is an intricate, two‐sided, and

dynamic association. In the current review, 24 studies discussed the

possible role of URT microbiota alterations in the pathogenesis, and

prognosis of COVID‐19 infection. The impact of URT microbiota on

the preservation of the lung immune system is one of the important

aspects as it correlates with respiratory infections.43,81,139 Unusual

changes in URT microbiota in COVID‐19 patients, especially

moderate and severe patients, were reported in comparison to

healthy individuals.31,43 The richness of microbiota was higher in

COVID‐19 patients59,78 and most of them were opportunistic

bacteria.58 COVID‐19 infection would possibly induce URT micro-

biota to multiply the inflammatory bacteria like Haemophilus influen-

zeae and parainfluenzae which are associated with acute respiratory

diseases like pneumonia.43 Also, it may increase Neisseria subflava;

which its decrease in COVID‐19 patients was significantly related to

a high rate of mortality.31,43 The high level of Klebsiella and Serratia

were also associated with more severe diseases.140

We found that the duration of hospitalization in ICU and the type

of oxygen therapy have a higher impact on the composition of

microbiota compared to SARS‐CoV‐2 viral load.32,55 Certainly,

microbiome dysbiosis (Bacteria, viruses, and archaea) can cause an

abnormal inflammatory response that could lead to poorer

COVID‐19 outcomes.58 A notable association between URT and

inflammatory cytokines levels (like IL‐6, TNF‐α, and IL‐1b) was

observed and it can explain the significant link between URT

microbiota and COVID‐19 severity and mortality rate.16,78 These

statements are consistent with the findings of some studies about the

higher reduction of anti‐inflammatory metabolic factors in long

COVID‐19 patients treated with antibiotics, invasive mechanical

ventilation, and ICU admission compared to mild patients.32,43,55,141

In addition, a quick return of dysbiosis level to normal values during

recovery in mild COVID‐19 cases was reported.20,53 Jing Liu et al.

found that the microbiota level of COVID‐19 patients after recovery

becomes near similar to that of healthy individuals.141

Some studies showed that the abundance and diversity of URT

microbiota in severe and moderate COVID‐19 patients had no

significant difference in comparison with mild COVID‐19 patients and

healthy individuals.20 Also, the same diversity was reported in the

analysis of specific kinds of microbiota; in microbial alpha‐

diversity46,59,69,82 and beta‐diversity.69,82 In contrast, changes in

microbial indices were reported by Ventero et al. as lower microbial

alpha‐diversity and higher beta‐diversity among deceased COVID‐19

patients.81 Another study showed a significant reduction of taxonomic

features richness in beta‐diversity in COVID‐19 patients.46 The

findings of a study by the alpha‐diversity analysis for microbiome

richness suggested that recovered patients had a higher diversity of

microbiota than healthy individuals, and the healthy individuals had a

higher diversity of microbiota compared with acute COVID‐19

patients.58 Accordingly, a more diverse URT microbiota seems to be

an early biomarker of clinical improvement in COVID‐19 patients.81

4.4 | Specific differences in URT microbiome
of COVID‐19 patients compared to the general
healthy population

Genus Streptococcus increases in COVID‐19 patients.15,16,31,46,55,65,78

The Streptococcus abundance is representative of opportunistic bacterial

invasion extent.112 The abundance of Streptococcus is associated with

higher expression of IFN‐ƴ, IL‐18, IL‐6, and TNF‐α and further

inflammatory cytokines which worsens the clinical outcome of infec-

tion.78,112,142 The genus Rothiaiswidely found in the URT of patients with
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COVID‐19 infection.15,31,46,55,62 It seems that this genus is associated

with lung injuries due to inflammatory activities.55,143 The opportunistic

pathogenic genus, Corynebacterium, is reported in COVID‐19 pa-

tients.31,59 Corynebacterium is one of the microbiotas in URT whose

alternation is associated with the severity of COVID‐19 and poor

prognosis.53,59 There is dominancy of genus Prevotella and Veillonella in

COVID‐19 patients which could influence the progression of

pneumonia.31,60,65,78 These species could be associated with an increased

risk of mortality in older and severe COVID‐19 patients due to

pneumonia.15,55,69,140

Other opportunistic pathogenesis of the URT like Haemophilus,

Stenotrophomonas, Acinetobacter, Moraxella, Corynebacterium, Gemella,

Ralstonia, Pseudomonas,53 Granulicatella,52 Megasphaera140 were

increased in COVID‐19 patients which are associated with serious

clinical outcomes. Also, in severe COVID‐19 patients, an increase of

Megasphaera, and infatal COVID‐19 patients increase Rothiadentocar-

iosa, Streptococcus infantis, Veillonelladispar31 were seen which may be

associated with secondary pneumonia due to mechanical ventilation.

Finally, there is evidence that altered gut microbiota composition

has a crucial role in the severity and virulence of many other bacterial

and viral infections.144 Also, other studies have stated that the gut

microbiota plays an important part in the pulmonary defense

mechanisms against many respiratory infections including influenza

A virus and respiratory syncytial virus infections.145 Thus the findings

of this study, that the COVID‐19 is associated with gut‐lung

microbiota differences compared to the general healthy population,

are in line with other similar viral or bacterial infections (Table 3).

5 | ASSOCIATION BETWEEN COVID‐19
SEVERITY AND GUT MICROBIOME
COMPOSITION

Five articles included in our study reported that gut microbiota

composition can be a predictive factor in the severity of COVID‐19

disease.48,56,63,75,84 It has been shown that normal gut microbiota can

decrease the severity of COVID‐19.40,41,48,80 Babszky et al. reported

thatBacteroidetes spp. in the feces has an anti‐inflammatory effect and

possess protective features against severe COVID‐19 infection.41

Similarly, Dereschuk et al. reported that Less severe SARS‐CoV‐2

infection can be associated with the presence of Bacillus subtilis spp. in

blood microbiotas.48 Also, Zuo et al. reported thatFaecalibacterium

prausnitzii has a negative correlation with the severity of the disease.

On the other hand, nine studies reported possible associations

of some particular gut bacteria with more severe forms of

COVID‐19.42,48,50,56,66,74,80,84,85 Dereschuk et al. reported that

COVID‐19 infection was severe among patients with blood micro-

biota composition as follows:E. coli, Bacillus, Campylobacter hominis,

Pseudomonas, Thermoanaerobacter pseudethanolicus, Thermoanaero-

bacter iumthermosaccharolyticum, and Staphylococcus epidermis.48

Also, loss of beneficial microorganisms was reported to increase

potential pathogens for instance Enterococcus, especially among ICU

patients.50 Moreira‐Rosário et al. reported a decrease in butyrate‐

TABLE 3 A summary of associations between COVID‐19 and
gut/upper respiratory tract microbiome.

Gut microbiota and COVID‐19 associations

Family/genus/species

Number of studies
that reported
increasing patterns

Number of studies
that reported
decreasing patterns

Bacteroides 5 1

Blautia 1 1

Clostridium ‐ 1

Streptococcus 5 2

Lachnospira 1 1

Coprococcus ‐ 2

Eubacterium ‐ 2

Fusobacterium 1 ‐

Campylobacter 2 ‐

Corynebacterium 1 1

Bifidobacterium 1 4

Lactobacillus 2 1

Faecalibacterium 1 1

Firmicutes 2 2

Enterococcaceae/
Enterococcus

3 ‐

Rothia 2 ‐

Pseudomonas ‐ 1

Collinsella 1 2

Ruminococcus 1 ‐

Aspergillus/Candida 1 ‐

Veillonella 3 ‐

Staphylococcus 1 ‐

Upper respiratory tract microbiota and COVID‐19 associations

Family/Genus/Species

Number of studies
that reported
increasing patterns

Number of studies
that reported
decreasing patterns

Streptococcus 7 ‐

Rothiais 5 ‐

Corynebacterium 2 ‐

Prevotella/Veillonella 4 ‐

Haemophilus 1 ‐

Stenotrophomonas 1 ‐

Acinetobacter 1 ‐

Moraxella 1 ‐

Corynebacterium 1 ‐

Gemella 1 ‐

Ralstonia 1 ‐

(Continues)
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producing bacteria including;Roseburia spp., Lachnospira spp., and

an increase in Proteobacteria spp. among moderate and severe

COVID‐19 patients’ gut microbiota.56 Similarly, Reinold et al. found

that a reduction in butyrate‐producing bacteria could be linked to

more severe disease.74 Zhang et al. mentioned that the alterations in

the gut microbiota of COVID‐19 patients can reduce the levels of

L‐Isoleucine, SCFA (Short‐Chain Fatty Acid), and L‐Isoleucine even

one month after recovery and this would result in more severe

diseases.85 Finally, it was reported by Zuo et al. thatCoprobacilum

spp., Clostridium Ramosum, and Clostridium hathewayi were associated

with more severe diseases.80

One similar systematic review stated that Bifidobacterium, Bacter-

oides, Corynebacterium, Ruminococcus, Parabacteroides, Campylobacter,

Clostridium, Ruminococcus, Rothia, Enterococcus, Megasphaera, Entero-

coccus, and Aspergillus had high abundance among severe COVID‐19

patients while, Lachnospira, Roseburia, Faecalibacterium, Eubacterium, and

Firmicutes/Bacteroidetes ratio had declined among severe COVID‐19

cases.97 Other similar studies also have noted the higher abundancy of

opportunistic pathogens including;Veilonella, Streptococcus, Rothia, and

Actinomyces,80,89 and declining levels of beneficial commensal bacteria

such asRoseburia, Agathobacter, Fusicatenibacter, and Ruminococcaceae

among moderate to severe COVID‐19 patients.80

5.1 | Associations between SARS‐CoV‐2 viral load
and gut microbiota composition

Only two articles investigated the relations between gut microbiota

and COVID‐19 viral load, one reported no relation between

COVID‐19 viral load and GI microbioa,40 while the other one noted

that in the gut microbiota, Prevotellacopri, and Eubacterium dolichum

were associated positively with SARS‐CoV‐2 viral load, and Strepto-

coccus anginosus spp., Dialister spp., Alistipes spp., Ruminococcus spp.,

C. citroniae spp., Bifidobacterium spp., Haemophilus spp., and Haemo-

philusparainfluenza were linked negatively to this load.15

5.2 | Therapeutic probiotic implementation
efficacy and safety in COVID‐19 patients

Thirteen studies included in our review assessed the effects of probiotic

implementations on symptoms, morbidity, and mortality rates among

COVID‐19 patients.29,33–39,45,70,76,77,146 Probiotics are live microorgan-

isms whose administration in sufficient quantities has been demon-

strated to ameliorate immune response, participate in metabolism, and

balance the host microbiome.147,148 Probiotics can be used as a

complementary choice for the prevention and treatment of viral and

bacterial infections.149 Many studies have reported that probiotics

possess antiviral effects via a variety of mechanisms including; innate

and adaptive immune system immunomodulation, mucosal protection

maintenance, and pathogens inhibition through binding them.150 Among

all probiotics mainly two genera of Lactobacillus and Bifidobacterium

have been shown to be the two most common probiotics in use for the

treatment of viral respiratory tract infections including; influenza virus,

adenovirus, and respiratory syncytial virus.151–153

In our study, the most common probiotics used were Lactobacillus

and Bifidobacterium as well and nine studies investigated the efficacy of

these two genera among COVID‐19 patients.29,34–36,38,39,45,70,76 In

addition, few studies had utilized other less common probiotics as

follows; Bos taurus, Morone, Leuconostoc, Lachesana, Limulus, Oryctola-

gus, Pentadiplandra, Rhamnosus, and Enterococcus.29,38,70 Moreover, two

studies utilized distinguished methods for balancing patients' altered

microbiome including; Fecal microbiota transplantation (FMT)33 and

washed microbiota transplantation (WMT),37 and two studies did not

specify the exact type of studied probiotic.77,146 Almost all these studies

reported a diverse variety of probiotics' beneficial effects in combat

against COVID‐19 symptoms, prognosis, and outcome.

Two studies reported that Lactobacillus plantarum metabolites

have a high affinity for binding to ACE2 molecules, and Lactobacillus

plantarum and Lactococcus lactis particles can bind with high affinity

to SARS‐COV‐2 virus molecules thus they can be used against SARS‐

CoV‐2 infection.45,70 In one RCT usingLactiplantibacillus plantarum,

and Pediococcusacidilactici strains, 53.1% of the probiotic‐receiving

group achieved total remission while this number was significantly

lower in the control group at 28.1%. In this study probiotic treatment

was associated with reduced nasopharyngeal viral load, pulmonary

infiltrations, and duration of symptoms, compared to the control

group, also, probiotic treatment significantly increased anti‐SARS‐

CoV‐2 IgM and IgG antibodies compared to the placebo group.154 In

addition, takingLactobacillus rhamnosus GG was mentioned to be

protective against COVID‐19 and capable of reducing the severity of

the disease.36 Another study reported that taking probiotic Lactoba-

cillus and Bifidobacterium could produce organic acids, ethanol, and

exopolysaccharides molecules that possess antiviral effects and may

be useful in combating COVID‐19.35

Two studies reported the beneficial effects of Bifidobacterium in

decreasing mortality rates and hospital admission duration of

moderate/severe COVID‐19 patients, increasing blood antibody

levels, and lowering inflammatory cytokines.39,76 Similarly, one study

reported that the use of probiotics was associated with a shorter

duration of COVID‐19 illness and hospitalization and improved the

conditions of COVID‐19 patients.38 A similar study assessed the

effects of bacteriotherapy via the administration of Streptococcus,

Lactobacillus, and Bifidobacterium strains. The authors reported that

the risk of respiratory failure was 8 times lower in the

TABLE 3 (Continued)

Upper respiratory tract microbiota and COVID‐19 associations

Family/Genus/Species

Number of studies
that reported
increasing patterns

Number of studies
that reported
decreasing patterns

Pseudomonas 1 ‐

Granulicatella 1 ‐

Megasphaera 1 ‐
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bacteriotherapy group; additionally, the prevalence of ICU admis-

sions and mortality rates were higher among the non‐bacteriotherapy

patients.119 In addition, three studies noted the effectiveness of

probiotics in treating diarrhea among COVID‐19 patients.29,34,146

Similar studies have reported consistent results with our study that

probiotics can treat gut dysbiosis and thus mitigate the GI symptoms

arising from it.155,156 One RCT conducted in China reported that the

use of Bifidobacterium, Lactobacillus, Enterococcus, and Bacillus tablets

was associated with a better immune function and reduced

secondary bacterial or fungal infection.157 Finally, FMT was reported

to be a novel therapy with beneficial effects as follows; increasing

microbial richness, restoring gut microbiota through decreasing Pro-

teobacteria, and increasing Bifidobacterium, Faecalibacterium, and

Actinobacteria, and alleviating GI symptoms.33 Similarly, WMT was

reported to be effective and safe for COVID‐19 patients.37

Therefore, Lactobacilli and Bifidobacteria can be considered the main

probiotics that can assist the most with balancing gut microbiome

and possibly correct the dysbiosis caused by COVID‐19.

6 | LIMITATIONS

This is an extensive systematic review of human Microbiota and

COVID‐19 possible bidirectional associations. We screened a large

number of available studies in several databases, evaluated their quality,

and extracted their findings. However, our study has some limitations.

First, we did not include non‐English articles, including Chinese studies in

our review. Second, few included studies investigated, and took into

account the comorbidities of COVID‐19 cases, as it has been shown that,

comorbidities, and complications including; hypertension, cardiovascular

diseases, hyperlipidemia, diabetes mellitus, and thromboembolic events

can alter the gut, and lung microbiotas.158,159 Third, only some studies

had documented antibiotic use‐which most probably would have been

high specifically during the first months of the pandemic‐ as they can also

alter the human microbiome. Fourth, the possible causal association

between the human microbiome and COVID‐19 was not certainly

understood. Fifth, a variety of methods including; 16 S rRNA amplicon

sequencing, qPCR, and waste water sampling had been used by the

studies that can make it difficult to compare the bacterial alterations

among the studies. Thus, further studies (e.g., longitudinal cohort studies)

with larger sample populations, similar microbiome sampling methods are

needed to investigate, and find the probable causative association

between gut, and lung microbiota and COVID‐19. These studies can be

conducted among both out‐patient, and inpatient COVID‐19 cases with

mild to severe conditions, to enlighten this topic.

7 | CONCLUSION

Our study shows that there was a significant difference in the

composition of the URT, and gut microbiota in COVID‐19 patients

compared to the general healthy population. In addition, specific

microbiota compositions would be associated with COVID‐19 viral

loads, and severity. These alterations‐which were mostly increasing

patterns of opportunistic pathogens‐ can be further investigated to

find possible causative associations between the human microbiome

and COVID‐19, and used as a probable diagnostic and prognostic

tools for COVID‐19 management. In addition, our study shows that

probiotics use can be beneficial in terms of signs and symptoms

management, and prognosis amelioration of COVID‐19 patients.
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