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Abstract
Rosacea is a complex facial skin condition associated with abnormal inflammation and vascular dysfunction. Next to the 
known trigger factors, the role of microbiota in the development and aggravation of rosacea continues to raise interest. 
Demodex folliculorum mites, Helicobacter pylori, Staphylococcus epidermidis, Chlamydia pneumoniae, and the Demodex-
associated bacterium, Bacillus oleronius are microbes that have been linked with rosacea. However, the results of studies 
which assessed their involvement in the disease have been inconsistent and inconclusive. Microbiological research in many 
different disciplines exploded in recent years as methods to analyze complex microbial communities at the taxonomic and 
phylogenetic levels became available. Here, we provide an update on the microorganisms implicated in rosacea and review 
the potential pathogenic role of microbes in the development of rosacea.

Key Points 

Microbes have long been suspected to play a role in 
rosacea.

Better understanding of the microbiota and its role in 
rosacea pathophysiology may help determine the impact 
of microbial dysbiosis and host reactivity in rosacea 
populations.

Deeper knowledge of microbe–host interactions in rosa-
cea will allow targeted patient care and aid the develop-
ment of innovative therapies.

1  Introduction

Rosacea is a chronic inflammatory skin disease affecting 
the central face. It was first described medically in the 14th 
century by Dr. Guy de Chauliac, a French surgeon [1]. The 
reported prevalence of rosacea is quite high and varies con-
siderably between study populations [2] and geographical 
areas [3]. Rosacea is reported less frequently in people with 
highly pigmented skin than in those with a fair complexion, 
which is likely due to under-detection of the disease in indi-
viduals with a dark skin tone [3]. In a recent meta-analysis of 
studies of the general population (N = 26,519,836 individu-
als) and dermatology outpatients (N = 18,483), the pooled 
proportion of subjects with rosacea was 5.46% (estimated 
range 0.09–22.41%) in the general adult population and 
2.39% (estimated range 0.00–23.14%) among dermatology 
outpatients [4]. Based on these findings, the National Rosa-
cea Society (NRS) estimates that 415 million people suffer 
from rosacea worldwide [5]. Adults of 45–60 years of age 
are primarily affected, with no significant difference between 
women and men [4].

Although the pathophysiology of rosacea is poorly under-
stood, the efficacy of antibiotics in rosacea treatment sug-
gests that microbes are a pathogenic factor. All microor-
ganisms (bacteria, viruses, fungi, and mites) present in/on 
the skin constitute the skin microbiota, including resident 
microorganisms (the core microbiota), which are symbionts, 
and transient microorganisms (the ‘tourists’), which arise 
from the environment and persist for hours to days before 
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disappearing [6]. The microbiota acts as a barrier and has a 
protective role in the skin. Its composition depends on sev-
eral factors, including skin pH, temperature, lipid composi-
tion, and humidity [7], as well as sex, age ([6, 7] and Luna 
[43] in this journal issue), stress, ethnicity [6], and environ-
ment (air pollution, detergents, cosmetics, etc. [7]; Calle-
waert et al. [44] in this journal issue). Ethnicity is thought 
to be less important than the local human body environment 
(sebaceous, dry, or moist) in determining cutaneous micro-
biota composition [8]. Under normal conditions, both the 
resident and transient microorganisms are nonpathogenic, 
and a balance is reached [6]. If this balance is altered, dys-
biosis occurs and may aggravate skin diseases [6, 9].

Thanks to genomic advances, microbial research in many 
different disciplines has exploded in recent years [10]. His-
torically, bacteria from the human microbiota were studied 
using a culture-based approach. However, this method only 
allowed the identification of bacteria that could grow under 
standard laboratory conditions, therefore underestimating 
the microbial diversity of human-associated microbiota 
[10]. Analyses of complex microbial communities at the 
taxonomic and phylogenetic levels are now possible through 
the sequencing of bacteria-specific small subunit ribosomal 
RNAs (16S rRNAs) [10]. Compared with traditional culture-
based methods, these molecular analyses have allowed the 
greater bacterial diversity on the human skin to be uncovered 
[11]. Corynebacteria, Propionibacteria (both Actinobacte-
ria), and Staphylococci (Firmicutes) are the three most com-
mon genera identified in healthy subjects [11]. Microorgan-
isms other than bacteria, such as Malassezia (a polymorphic 
yeast) and Demodex (a parasitic arthropod), are also found on 
healthy skin [6]. Both symbiotic microbiota (i.e., Demodex 
folliculorum and Staphylococcus epidermidis) and potentially 
pathogenic agents (i.e., Helicobacter pylori, Bacillus olero-
nius, and Chlamydia pneumoniae) are implicated in rosacea, 
although their precise roles remain unclear [9, 12].

After a short summary of the current knowledge on 
rosacea, this review discusses the role of the skin and gut 
microbiota in the pathophysiology of this disease. With this 
aim, a PubMed search of the English language literature 
was performed on January 31, 2020 and updated on May 30, 
2020, without any limits on date of publication. Search terms 
included “rosacea,” “microbiome,” “microbiota,” “skin,” 
“gut,” and “antibiotics.”

2 � Rosacea: Description, Classification, 
and Pathophysiology

2.1 � Description and Classification

Rosacea often begins with a tendency to blush (as in 
response to emotionally stressful situations) or to flush 

(as after eating spicy food). Other symptoms include per-
sistent erythema, telangiectasia, papules, pustules, phyma, 
and edema [2]. Pain, stinging, and burning have also been 
reported [2]. In most cases, the central face (nose, chin, 
central cheeks, and glabella) is affected in a symmetrical 
manner; eyes can also be involved [2]. The symptoms of 
rosacea are reminiscent of those of alcohol abuse; thus, 
they can be wrongly interpreted and lead to patients being 
stigmatized. In Asia, rosacea is called “Ju Sa” (酒皻). The 
Chinese character “Ju” 酒 means alcohol, which happens 
to have the same pronunciation as redness, and “Sa” 皻 
means enlargement of the nose.

Rosacea was classified into four clinical subtypes in 
2002 by an NRS expert committee [13]: (1) erythema-
totelangiectatic rosacea (ETR) dominated by facial red-
ness, (2) papulopustular rosacea (PPR) featuring bumps 
and pimples, (3) phymatous rosacea characterized by skin 
thickening—usually most prominent on the nose—and 
(4) ocular rosacea involving eye irritation. However, this 
first standardized classification of rosacea, solely based 
on the morphologic characteristics, was not optimal as 
many cases showed an admixture of multiple subtypes. 
An updated classification, based on phenotypes and an 
increased understanding of the disease pathophysiology, 
was published in 2018 [14]. The two diagnostic features 
are (1) fixed centrofacial erythema in a characteristic pat-
tern that may periodically intensify and (2) phymatous 
changes. Signs and symptoms defined as major features 
include flushing, papules and pustules, telangiectasia, and 
the following ocular manifestations: lid margin telangiec-
tasia, interpalpebral conjunctival injection, spade-shaped 
infiltrates in the cornea, and scleritis and sclerokeratitis. 
Secondary features, which may accompany diagnostic or 
major features, include burning or stinging sensations, 
edema, dryness, and the following ocular manifestations: 
“honey crust” and collarette accumulation at the base of 
the lashes, irregularity of the lid margin, and evaporative 
tear dysfunction (rapid tear breakup time) (Fig. 1). A diag-
nosis of rosacea may be made in the presence of at least 
one diagnostic feature or at least two major features in the 
absence of any diagnostic feature [14]. The fixed centrofa-
cial erythema of rosacea can be induced or aggravated by 
triggering factors, which include sun exposure, emotional 
stress, hot/cold weather, alcohol consumption, hot bever-
ages, spicy food, and microorganisms [2]. To optimize the 
diagnosis of ocular rosacea and improve the description 
of its features, the global ROSacea COnsensus (ROSCO) 
2019 Panel [15] recently updated the description of ocular 
rosacea to include lid margin telangiectasia, blepharitis, 
keratitis, conjunctivitis, and anterior uveitis (Fig. 2).
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2.2 � Pathophysiology

The pathophysiology of rosacea is not fully understood, but 
involves dysregulation of the neurovascular and immune 
systems [2]. Data also suggest that the disease has a genetic 
component; no causative gene has been identified, but the 

expression of a number of genes involved in both the innate 
and adaptive immune systems has been found to be higher 
in patients with rosacea [12]. The immune dimension is of 
particular interest because the microbiota is thought to con-
tribute to the pathophysiology of rosacea at this level.

Fig. 1   Clinical phenotypes of rosacea. a Fixed centrofacial erythema and few papules. b Centrofacial erythema, phymatous changes of the nose, 
and papules. c Centrofacial erythema, mild phymatous changes, papules, and edema (published with the kind permission of the patients)

Fig. 2   Patients with concur-
rent ocular manifestations. a 
Fixed centrofacial erythema, 
mild phymatous changes of 
the nose, telangiectasia, and 
mild blepharitis. b Centrofacial 
erythema, phymatous changes, 
papules, blepharitis, and edema 
(published with the kind per-
mission of the patients)
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Similar to acne, dysregulation of the innate immune 
system has been reported in rosacea: increased baseline 
expression of (1) cathelicidin, an anti-microbial peptide; (2) 
kallikrein 5 (KLK5), a serine protease that cleaves catheli-
cidin into its active peptide form, LL-37; (3) toll-like recep-
tor 2 (TLR-2); and (4) matrix metalloproteinases (MMPs), 
including MMP-2 and MMP-9. MMP-9 activates KLK5 
by cleaving its preproenzyme form, and TLR-2 activation 
on keratinocytes increases KLK5 expression and activity, 
thus leading to higher expression of LL-37 [12]. Besides 
LL-37, other cathelicidin peptides have been found in rosa-
cea affected skin, but not in that of healthy subjects [16]. 
These abnormal cathelicidin peptides have been shown to 
play a role in inflammation and angiogenesis, and could thus 
contribute to rosacea pathophysiology [12]. Mast cells may 
also be involved because they are upregulated in patients 
with rosacea and release both MMP-9 and LL-37 [12, 17].

3 � The Skin Microbiota is Potentially 
Associated with Rosacea

Several studies [18–20] recently used the microbial 16S 
rRNA polymerase chain reaction (PCR) amplification and 
sequencing technique to assess potential differences in the 
skin microbiota between patients with rosacea and healthy 
controls (Table 1). In a comparative study performed in 60 
twins discordant for rosacea [18], the four most abundant 
phyla retrieved from the facial skin (assessed as the rela-
tive mean percentage abundance) were Firmicutes (42.98%), 
Proteobacteria (39.29%), Actinobacteria (15.88%) and Bac-
teroidetes (1.04%). No significant difference in the mean 
abundance of phyla was observed between groups of indi-
viduals with or without rosacea, or between different areas 
of the face [18]. In contrast, significant differences in skin 
microbiota were identified in a case–control observational 
study comparing 19 patients with mild-to-moderate rosa-
cea (ETR, PPR, or both) with 19 matched healthy subjects 
[19]. Compared with healthy subjects, six species were 
depleted in ETR patients, and five species were enriched 
and six depleted in PPR patients. Despite these differences, 
Cutibacterium acnes (formerly called Propionibacterium 
acnes) was the most abundant species in all subjects [19]. 
In another study, in which the microbiota of Demodex mites 
were examined, C. acnes was also the predominant species 
in both ETR and PPR patients, and in sex- and age-matched 
healthy subjects [20]. Five other species (S. epidermidis, 
Corynebacterium kroppenstedtii, Streptococcus mitis, Cuti-
bacterium granulosum and Snodgrassella alvi) were com-
mon to all subjects, but 72 species were only retrieved from 
the skin biopsies of patients with rosacea (with 37 and 31 
species being specific to ETR and PPR, respectively) [20]. 
This study also found that the proportions of Proteobacteria 

and Firmicutes were higher in the PPR group compared with 
the ETR and control groups, whereas the proportion of Act-
inobacteria was lower in the PPR group than in the ETR 
and control groups [20]. Interestingly, B. oleronius was not 
identified in this study, even though this bacterium was sug-
gested to be involved in rosacea after it was cultured from a 
D. folliculorum mite of a patient with PPR [21].

Thus, the comparative studies conducted so far have 
produced discordant results concerning the differences 
in the overall microbiota composition between rosacea 
patients and healthy subjects and the type of bacteria 
potentially involved in rosacea. These differences may be 
due to disparities in patient age, ethnicity, environment, 
and geographical location, as such factors are known to 
affect skin microbiota composition.

4 � Factors Influencing Skin Microbiota 
in Patients with Rosacea

4.1 � Patient Age

The relative abundance of C. acnes in Caucasians with 
rosacea has been found to be lower in older patients 
(females aged 50 years and over, and males aged over 55) 
than in their younger counterparts [19]. My team also con-
firmed that the relative abundance of C. acnes in Asian 
rosacea patients was lower in those aged over 60 compared 
to those aged 60 and under (18-fold difference, P = 0.018) 
[22]. When the cut-off age was set at 50 years, S. epider-
midis was the predominant species in Asians aged under 
50 (42%), followed by C. acnes (16%), and Acinetobacter 
haemolyticus (13%). Although less abundant, S. epider-
midis was also the predominant species in patients aged 
over 50 (21%), followed by Pseudomonas koreensis (12%), 
C. acnes (11%), and S. alvi (9%). Additional analyses of 
the same cohort showed a significantly higher relative 
abundance of S. alvi (P = 0.022) in rosacea patients aged 
over 50 compared to those under 50.

It should be noted that the relative abundance of C. acnes 
has also been reported to vary with age in the general popu-
lation [23], with it being the least abundant during child-
hood (4–6 years; 2.1%), having a dramatic surge at puberty 
(11–13 years; 13.5%) and a peak in young adults (25–34 
years; 40.3%), followed by a decline in middle-age (37–53 
years; 27.2%), and a subsequent larger fall in abundance in 
the elderly (62–74 years; 8.7%).

4.2 � Rosacea Severity

The microbial composition of the skin has been examined 
according to rosacea severity. My group [22] found S. 



S29Microbiota in Rosacea

Ta
bl

e 
1  

R
ec

en
t c

om
pa

ra
tiv

e 
stu

di
es

 u
si

ng
 1

6S
 rR

N
A

 g
en

e 
se

qu
en

ci
ng

 to
 a

na
ly

ze
 m

ic
ro

bi
ot

a 
in

 ro
sa

ce
a

Ti
tle

 (a
ut

ho
r, 

ye
ar

 o
f p

ub
lic

a-
tio

n)
N

um
be

r o
f s

ub
je

ct
s/

stu
dy

 
co

m
pa

ris
on

R
ac

e
A

ge
 (y

ea
rs

) m
ea

n 
±

 S
D

 (r
an

ge
)

16
S 

rR
N

A
 g

en
e 

se
qu

en
ci

ng
 a

nd
 

an
al

ys
is

O
ut

co
m

e

Sk
in

 m
ic

ro
bi

ot
a

 C
ha

ra
ct

er
iz

at
io

n 
of

 th
e 

fa
ci

al
 

m
ic

ro
bi

om
e 

in
 tw

in
s d

is
co

rd
-

an
t f

or
 ro

sa
ce

a 
(Z

ai
di

 e
t a

l. 
20

18
) [

18
]

60
 su

bj
ec

ts
 (4

2 
he

al
th

y 
su

bj
ec

ts
, 

18
 p

at
ie

nt
s w

ith
 ro

sa
ce

a)
Ro

sa
ce

a 
vs

 c
on

tro
l

W
hi

te
 (8

2.
5%

)
B

la
ck

 (6
.3

%
)

O
th

er
 (1

1.
2%

)

Ro
sa

ce
a:

 3
1.

3 
±

 1
0.

2
H

ea
lth

y:
 3

6.
4 

±
 1

7.
3

V
3–

V
4 

re
gi

on
 o

f t
he

 1
6S

 rR
N

A
 

ge
ne

G
re

en
ge

ne
s d

at
ab

as
e

To
p 

fo
ur

 m
os

t a
bu

nd
an

t p
hy

la
: 

Fi
rm

ic
ut

es
 (4

3%
), 

Pr
ot

eo
ba

ct
e-

ria
 (3

9%
), 

A
ct

in
ob

ac
te

ria
 (1

6%
), 

an
d 

B
ac

te
ro

id
et

es
 (1

%
)

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 m

ea
n 

ab
un

da
nc

e 
fo

r a
ll 

ph
yl

a 
be

tw
ee

n 
le

ft 
vs

 ri
gh

t c
he

ek
 n

or
 b

et
w

ee
n 

he
al

th
y 

su
bj

ec
ts

 a
nd

 ro
sa

ce
a 

pa
tie

nt
s

C
om

pa
ra

bl
e 

al
ph

a 
di

ve
rs

ity
 

be
tw

ee
n 

m
on

oz
yg

ot
ic

 tw
in

 p
ai

rs
 

w
ith

 a
nd

 w
ith

ou
t r

os
ac

ea
Tw

o 
ge

ne
ra

 (G
or

do
ni

a 
an

d 
G

eo
-

ba
ci

llu
s)

 a
nd

 a
n 

ag
e 

of
 3

0–
60

 
ye

ar
s (

vs
 0

–3
0 

ye
ar

s)
 w

er
e 

si
gn

ifi
ca

nt
ly

 p
re

di
ct

iv
e 

of
 N

R
S 

sc
or

e
 C

ha
ra

ct
er

iz
at

io
n 

an
d 

an
al

ys
is

 
of

 th
e 

sk
in

 m
ic

ro
bi

ot
a 

in
 

ro
sa

ce
a:

 a
 c

as
e–

co
nt

ro
l s

tu
dy

 
(R

ai
ne

r e
t a

l. 
20

19
) [

19
]

19
 su

bj
ec

ts
 w

ith
 ro

sa
ce

a 
(E

TR
, 

PP
R

, o
r b

ot
h)

; 1
9 

ro
sa

ce
a-

fr
ee

 
co

nt
ro

ls
Ro

sa
ce

a 
vs

 c
on

tro
l

A
ll 

C
au

ca
si

an
Ro

sa
ce

a:
 a

ge
-m

at
ch

ed
 to

 c
on

tro
l

C
on

tro
l: 

(2
3–

65
)

V
3–

V
4 

hy
pe

rv
ar

ia
bl

e 
re

gi
on

 o
f 

th
e 

16
S 

rR
N

A
 g

en
e

G
re

en
ge

ne
s d

at
ab

as
e

W
ea

k 
ne

ga
tiv

e 
co

rr
el

at
io

n 
be

tw
ee

n 
th

e 
re

la
tiv

e 
ab

un
-

da
nc

e 
of

 C
ut

ib
ac

te
ri

um
 a

cn
es

 
an

d 
N

R
S 

sc
or

es
 (R

2 =
0.

03
78

, 
P 

=
 0

.1
24

).
Si

gn
ifi

ca
nt

ly
 e

nr
ic

he
d 

an
d 

de
pl

et
ed

 sp
ec

ie
s i

n 
ET

R
: 

(e
nr

ic
he

d)
 n

on
e;

 (d
ep

le
te

d)
 

Ac
tin

om
yc

es
 e

ur
op

ae
us

, 
Pr

ev
ot

el
la

 ta
nn

er
ae

, P
re

vo
te

lla
 

in
te

rm
ed

ia
, C

am
py

lo
ba

ct
er

 
ur

eo
ly

tic
us

, C
or

yn
eb

ac
te

ri
um

 
kr

op
pe

ns
te

dt
ii

Si
gn

ifi
ca

nt
ly

 e
nr

ic
he

d 
an

d 
de

pl
et

ed
 sp

ec
ie

s i
n 

PP
R

: 
(e

nr
ic

he
d)

 P
or

ph
yr

om
on

as
 

en
do

do
nt

al
is

, R
um

in
oc

oc
-

cu
s g

na
vu

s, 
Az

or
hi

zo
bi

um
 

do
eb

er
ei

ne
ra

e,
 S

he
wa

ne
lla

 
al

ga
e,

 P
ro

vi
de

nc
ia

 st
ua

rt
ii,

 
Ro

se
om

on
as

 m
uc

os
a;

 (d
ep

le
te

d)
 

D
ys

go
no

m
on

as
 g

ad
ei

, A
zo

rh
iz

o-
bi

um
 d

oe
be

re
in

er
ae

, S
he

wa
ne

lla
 

al
ga

e,
 P

ro
vi

de
nc

ia
 st

ua
rt

ii,
 

C
ut

ib
ac

te
ri

um
 g

ra
nu

lo
su

m
, 

An
ox

yb
ac

ill
us

 k
es

ta
nb

ol
en

si
s



S30	 H. S. Kim 

16
S 

rR
NA

 b
ac

te
ria

-s
pe

ci
fic

 s
m

al
l s

ub
un

it 
rib

os
om

al
 R

N
A

, E
TR

 e
ry

th
em

at
ot

el
an

gi
ec

ta
tic

 ro
sa

ce
a,

 IG
A 

In
ve

sti
ga

to
r’s

 G
lo

ba
l A

ss
es

sm
en

t, 
N

C
BI

 N
at

io
na

l C
en

te
r f

or
 B

io
te

ch
no

lo
gy

 In
fo

rm
at

io
n,

 
N

RS
 N

at
io

na
l R

os
ac

ea
 S

oc
ie

ty
, P

PR
 p

ap
ul

op
us

tu
la

r r
os

ac
ea

, S
D

 st
an

da
rd

 d
ev

ia
tio

n

Ta
bl

e 
1  

(c
on

tin
ue

d)

Ti
tle

 (a
ut

ho
r, 

ye
ar

 o
f p

ub
lic

a-
tio

n)
N

um
be

r o
f s

ub
je

ct
s/

stu
dy

 
co

m
pa

ris
on

R
ac

e
A

ge
 (y

ea
rs

) m
ea

n 
±

 S
D

 (r
an

ge
)

16
S 

rR
N

A
 g

en
e 

se
qu

en
ci

ng
 a

nd
 

an
al

ys
is

O
ut

co
m

e

 C
ha

ra
ct

er
iz

at
io

n 
an

d 
an

al
ys

is
 

of
 th

e 
sk

in
 m

ic
ro

bi
ot

a 
in

 
ro

sa
ce

a:
 im

pa
ct

 o
f s

ys
te

m
ic

 
an

tib
io

tic
s (

W
oo

 e
t a

l. 
20

20
) 

[2
2]

12
 su

bj
ec

ts
 w

ith
 ro

sa
ce

a
Ro

sa
ce

a 
be

fo
re

 v
s a

fte
r 6

 w
ee

ks
 

of
 o

ra
l d

ox
yc

yc
lin

e

A
si

an
 (K

or
ea

n)
49

.2
 ±

 1
8.

6
(2

0–
79

)
M

ed
ia

n:
 5

1

V
3–

V
4 

hy
pe

rv
ar

ia
bl

e 
re

gi
on

 o
f 

th
e 

16
S 

rR
N

A
 g

en
e

N
C

B
I t

ax
on

om
y

3.
43

-fo
ld

 in
cr

ea
se

 in
 W

ei
ss

el
la

 
co

nf
us

a 
re

la
tiv

e 
ab

un
da

nc
e 

af
te

r o
ra

l d
ox

yc
yc

lin
e 

tre
at

m
en

t 
(P

 =
 0

.0
08

)
H

ig
he

r r
el

at
iv

e 
ab

un
da

nc
e 

of
 

C
ut

ib
ac

te
ri

um
 a

cn
es

 in
 p

at
ie

nt
s 

ag
ed

 6
0 

an
d 

un
de

r v
s t

ho
se

 a
ge

d 
ov

er
 6

0 
(P

 =
 0

.0
18

)
Lo

w
er

 m
ea

n 
re

la
tiv

e 
ab

un
-

da
nc

e 
of

 C
ut

ib
ac

te
ri

um
 a

cn
es

 
(P

 =
 0

.0
81

) a
nd

 h
ig

he
r r

el
at

iv
e 

ab
un

da
nc

e 
of

 S
no

dg
ra

ss
el

la
 a

lv
i 

(P
 =

 0
.0

87
) i

n 
IG

A
4 

vs
 IG

A
3 

sk
in

C
om

pa
ra

bl
e 

al
ph

a 
di

ve
rs

ity
 

be
tw

ee
n 

th
e 

be
fo

re
-tr

ea
tm

en
t 

an
d 

th
e 

af
te

r-t
re

at
m

en
t g

ro
up

s
G

ut
 m

ic
ro

bi
ot

a
 R

os
ac

ea
 a

nd
 it

s a
ss

oc
ia

tio
n 

w
ith

 e
nt

er
al

 m
ic

ro
bi

ot
a 

in
 

K
or

ea
n 

fe
m

al
es

 (N
am

 e
t a

l. 
20

18
) [

37
]

12
 ro

sa
ce

a 
pa

tie
nt

s;
 2

51
 c

on
tro

l 
su

bj
ec

ts
Ro

sa
ce

a 
vs

 c
on

tro
l

A
si

an
 (K

or
ea

n)
Ro

sa
ce

a:
 4

2.
6

C
on

tro
l: 

43
.0

V
3–

V
4 

re
gi

on
 o

f t
he

 1
6S

 rR
N

A
 

ge
ne

G
re

en
ge

ne
s d

at
ab

as
e

Re
du

ce
d 

ab
un

da
nc

e 
of

 P
ep

to
co

c-
ca

ce
ae

 fa
m

ily
 a

nd
 M

et
ha

no
br

e-
vi

ba
ct

er
 g

en
us

, b
ut

 in
cr

ea
se

d 
ab

un
da

nc
e 

of
 A

ci
da

m
in

oc
oc

cu
s 

an
d 

M
eg

as
ph

ae
ra

 g
en

er
a 

in
 

pa
tie

nt
s w

ith
 ro

sa
ce

a 
vs

 c
on

tro
l 

su
bj

ec
ts

, w
ith

 si
gn

ifi
ca

nc
e 

re
ta

in
ed

 a
fte

r a
dj

us
tm

en
t

 A
n 

al
te

re
d 

fe
ca

l m
ic

ro
bi

al
 

pr
ofi

lin
g 

in
 ro

sa
ce

a 
pa

tie
nt

s 
co

m
pa

re
d 

to
 m

at
ch

ed
 c

on
-

tro
ls

 (C
he

n 
et

 a
l. 

20
20

) [
38

]

11
 ro

sa
ce

a 
pa

tie
nt

s;
 1

10
 c

on
tro

l 
su

bj
ec

ts
Ro

sa
ce

a 
vs

 c
on

tro
l

A
si

an
 (T

ai
w

an
es

e)
Ro

sa
ce

a:
 4

9.
9 

±
 1

1.
3

C
on

tro
l: 

50
.6

 ±
 1

0.
2

V
3–

V
4 

hy
pe

rv
ar

ia
bl

e 
re

gi
on

 o
f 

th
e 

16
S 

rR
N

A
 g

en
e

G
re

en
ge

ne
s d

at
ab

as
e

Si
gn

ifi
ca

nt
 re

du
ct

io
n 

of
 fe

ca
l 

m
ic

ro
bi

al
 ri

ch
ne

ss
 in

 ro
sa

ce
a 

pa
tie

nt
s

En
ric

he
d 

Rh
ab

do
ch

la
m

yd
ia

, 
C

F2
31

, B
ifi

do
ba

ct
er

iu
m

, S
ar

-
ci

na
, a

nd
 R

um
in

oc
oc

cu
s g

en
er

a 
in

 ro
sa

ce
a 

pa
tie

nt
s.

Re
du

ce
d 

ab
un

da
nc

e 
of

 L
ac

-
to

ba
ci

llu
s, 

M
eg

as
ph

ae
ra

e,
 

Ac
id

am
in

oc
oc

cu
s, 

H
em

op
hi

lu
s, 

Ro
se

bu
ri

a,
 a

nd
 C

lo
st

ri
di

um
 

ge
ne

ra
 in

 ro
sa

ce
a 

pa
tie

nt
s



S31Microbiota in Rosacea

epidermidis to be predominant in patients with both moder-
ate (38%) and severe (17%) rosacea, with respective grades 
of 3 and 4 on the 5-point Investigator’s Global Assessment 
(IGA) grading scale. This was followed by C. acnes (22%) 
in patients with severe rosacea, and by P. koreensis (16%), S. 
alvi (12%), and Corynebacterium tuberculostearicum (11%) 
in patients with moderate rosacea. S. alvi was significantly 
more abundant (P = 0.0081) [22] in patients with severe 
rosacea than in those with moderate rosacea. Conversely, 
a lower relative abundance of C. acnes (P = 0.0087) [22] 
was seen in patients with severe rosacea. Although not sta-
tistically significant, a linear regression analyses performed 
by Rainer et al. [19] showed a weak negative correlation 
between C. acnes abundance (P = 0.124) and rosacea sever-
ity (NRS), together with a positive correlation between C. 
kroppenstedtii abundance (P = 0.065) and severity. Accord-
ing to a study by Zaidi et al. [18], the relative abundance of 
nine genera significantly correlated with the NRS severity 
scores (Pearson correlation coefficient). While there was a 
negative correlation between Geobacillus and rosacea sever-
ity (P = 0.041), a positive correlation was noted with Gor-
donia (P = 0.003), Janibacter (P = 0.002), Jeotgalicoccus 
(P = 0.001), Tepidimonas (P = 0.010), Dietzia (P = 0.012), 
Wautersiella (P = 0.017), Mycobacterium (P = 0.032), and 
Weissella (P = 0.042). Only Geobacillus and Gordonia 
remained significantly associated with rosacea severity after 
a multivariate random effect Poisson regression analysis.

Unlike acne, rosacea usually progresses/worsens over 
time [18] and it is likely that the negative correlation of 
C. acnes and the positive association of S. alvi with rosa-
cea severity [22] is in part due to age. Interestingly, S. alvi 
has been identified in Demodex mites from both rosacea 
patients (ETR and PPR) and healthy controls [20]. S. alvi is 
a member of the bee gut flora [24] and has been associated 
with inflammatory acne; its relative abundance was found to 
decrease significantly after a 6-week oral doxycycline treat-
ment (H.S. Kim; unpublished data).

4.3 � Antibiotics

Although antibiotics/antiprotozoal drugs are widely used to 
control the inflammatory papules and pustules of rosacea 
[15], few studies have investigated their influence on the 
composition and diversity of the skin microbiota. Using a 
culture-based approach in the late 1980s, Eriksson and Nord 
demonstrated that topical metronidazole (1% cream applied 
twice daily for 1 month) does not alter the skin microbial 
composition [25]. Using the 16S rRNA PCR amplification 
and sequencing technique, my team recently examined the 
effect of oral doxycycline (100 mg, twice daily for 6 weeks) 
on the skin microbiota in 12 rosacea patients [22]. We 
found that the treatment did not significantly affect bacte-
rial alpha diversity, but an increase in the relative abundance 

of Weissella confusa (P = 0.008) was noted [22]. In our 
study, the 6-week oral doxycycline treatment decreased 
rosacea severity from IGA grades 3–4 (i.e., moderate to 
severe, median 3) to IGA grades 2–3 (i.e., mild to moder-
ate, median 2). The increase in the relative abundance of W. 
confusa upon oral doxycycline treatment is in contrast with 
the results of Zaidi et al. [18], where Weissella positively 
correlated with rosacea severity. Thus, further studies are 
needed to properly interpret the exact role of W. confusa in 
rosacea.

Cell-free culture supernatants of W. confusa have dis-
played antibacterial potential and anti-inflammatory prop-
erties, and some strains have been classed as probiotics [26, 
27]. However, the clinical relevance of W. confusa in the 
context of polymicrobial infections remains unclear.

4.4 � Skin Temperature

Beyond microbial composition, the activity of certain bacte-
ria appears to be affected by facial skin temperature, which is 
higher in patients with rosacea than in healthy subjects. In a 
comparative pilot study [28], S. epidermidis strains isolated 
from the skin of four patients with untreated rosacea were 
found to be consistently β-hemolytic, whereas those isolated 
from the skin of four control subjects were nonhemolytic. 
Moreover, although bacteria from both groups grew at the 
same rate at 30 °C and at 37 °C, those isolated from rosacea 
patients produced a significantly wider range of proteins, in 
larger amounts, at 37 °C than they did at 30 °C.

5 � Involvement of Skin Microbiota in Rosacea 
Pathophysiology

Pattern recognition receptors (PRRs) expressed on the skin 
participate in a continuous immune surveillance that allows 
symbiont microorganisms to thrive while eliminating potential 
pathogens [6, 9]. Two of these PRRs—TLR-2 and nucleotide-
binding oligomerization domain (NOD)-like receptor family, 
pyrin domain-containing 3 (NLRP3, also called NALP3)—are 
upregulated in rosacea patients, and their activation by Demo-
dex mites are thought to trigger inflammation in rosacea (sum-
marized in Fig. 3) [2, 9, 12]. Indeed, chitin (from the mite 
exoskeleton) can stimulate the pro-inflammatory response 
of keratinocytes through TLR-2 [12], and mite allergens 
have been shown to activate NOD-like receptors in vitro [9]. 
Microbiota residing on Demodex mites may also be involved 
in this process: antigens from B. oleronius reportedly induced 
the proliferation of peripheral blood mononuclear cells from 
rosacea patients [21], and stimulated the production of catheli-
cidin, MMP-9, tumor necrosis factor (TNF) and interleukin 
(IL)-8 by neutrophils from healthy subjects [9, 12]. In patients 
with rosacea, this inflammatory state causes an increase in the 
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facial skin temperature [28]. This in turn can affect microbiota 
growth and balance [9], and modify the behavior of S. epi-
dermidis so that it secretes more proteins [28] (see Sect. 4.4). 
Moreover, as S. epidermidis antigens are recognized by TLR-
2, the bacterium also participates in skin inflammation [12].

Unlike in acne, C. acnes does not seem to play a major 
role in the pathogenesis of rosacea [29]. In fact, here C. 
acnes is suspected to have a protective effect in healthy skin 
by breaking down sebum into free fatty acids (FFAs), which 
can prevent the growth of pathogens [30].

6 � Does the Gut Microbiota Play a Role 
in Rosacea?

Patients with rosacea may have systemic comorbidities, 
including diseases of the gastrointestinal tract (e.g., gastroe-
sophageal reflux disease, gastritis, Crohn’s disease, ulcera-
tive colitis, celiac disease, and small intestinal bacterial 
overgrowth [SIBO] syndrome), suggesting a link between 
rosacea and the gut [31–33]. Furthermore, the gut microbiota 

has been shown to influence skin homeostasis: either directly 
in case of intestinal barrier disruption, or indirectly through 
the modulation of systemic immunity or by generating short-
chain fatty acids [7]. The gut is inhabited by a huge number 
of microorganisms (> 1014) constituting the gut microbiota, 
and several factors including the mode of birth, food, age, 
stress, and antibiotics may affect its composition and may 
therefore trigger rosacea [34]. Another argument is the posi-
tive effect of oral probiotics observed in patients with rosa-
cea. In a randomized, controlled, non-blinded trial, patients 
with papulopustular exanthema (including 36% with rosa-
cea) who received the bacteria Escherichia coli Nissle 1917 
as an oral probiotic as well as a standard topical therapy 
had a better outcome than patients who only received the 
standard treatment (P < 0.01) [35]. Fortuna et al. [36] also 
reported a case of rosacea with scalp involvement that was 
successfully treated with low-dose doxycycline (40 mg/
day) combined with oral probiotics (Bifidobacterium breve 
BR03 and Lactobacillus salivarius LS01) for 8 weeks, fol-
lowed by probiotics alone. No relapse or flare-up of disease 
was observed during 6 months of follow-up [36]. However, 

Fig. 3   Involvement of the skin microbiota in rosacea pathophysiol-
ogy. Pattern recognition receptors (PRRs) expressed on the skin par-
ticipate in a continuous immune surveillance that allows symbiont 
microorganisms to thrive while eliminating potential pathogens. Two 
of these PRRs—TLR-2 and NLRP3 (also called NALP3)—are upreg-
ulated in rosacea patients, and their activation by Demodex mites is 
thought to trigger inflammation in rosacea. Microbiota residing on 
Demodex mites may also be involved in this process: antigens from 
Bacillus oleronius reportedly induced the proliferation of peripheral 

blood mononuclear cells from rosacea patients and stimulated the 
production of cathelicidin, MMP-9, TNF, and IL-8 by neutrophils 
from healthy subjects. AMP anti-microbial peptide, Cox cyclooxy-
genase, IL interleukin, KLK kallikrein, LL-37 active peptide form of 
cathelicidin, MMP matrix metalloproteinase, NALP Nacht leucine-
rich repeat protein, NLRP nucleotide-binding oligomerization domain 
(NOD)-like receptor family, pyrin domain-containing, PAR protease-
activated receptor, TLR toll-like receptor, TNF tumor necrosis factor, 
VEGF vascular endothelial growth factor
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the mechanisms underlying the involvement of gut bacteria 
in rosacea pathophysiology have not yet been elucidated. 
Although studies have failed to confirm an association 
between H. pylori and rosacea, antibodies against cytotoxin-
associated gene A (CagA), an H. pylori virulent factor, have 
been identified in most patients with rosacea [9, 12]. The 
gut microbiota in rosacea patients was recently investigated 
in two Asian metagenomic studies [37, 38]. In the study by 
Nam et al. [37] performed in Korean women (12 rosacea 
patients and 251 controls), bacteria from the Peptococcaceae 
family and the Methanobrevibacter genus were detected in 
control subjects but not in rosacea patients, whereas bac-
teria from the Acidaminococcus and Megasphaera genera 
were significantly more abundant in rosacea patients than in 
controls [37]. In contrast, Chen et al. [38] observed a lower 
abundance of Acidaminococcus and Megasphaera genera in 
Taiwanese subjects (11 rosacea patients and 110 controls, 
90.9% women). Lactobacillus, Hemophilus, Roseburia, 
and Clostridium genera were also less abundant in rosacea 
patients than in controls, whereas Rhabdochlamydia, CF231, 
Bifidobacterium, Sarcina, and Ruminococcus genera were 
significantly more abundant [38]. Therefore, differences 
between rosacea patients and healthy subjects were observed 
in both studies, although the results were discordant. Further 
studies with higher numbers of rosacea patients are required. 
As rosacea is induced or aggravated by emotional stress [2], 
it is likely that the brain is involved in cross-talk between 
the skin and gut microbiota in rosacea, as in acne, through 
the gut-brain-skin axis (Fig. 4) [7, 9, 39–42].

7 � Conclusion and Perspectives

The 16s rRNA studies highlighted in this review suggest a 
link between the skin and gut microbiota and rosacea; how-
ever, the role of these microorganisms in the disease patho-
physiology is yet to be determined. With limited data, it is not 
known whether dysbiosis and altered microbiota metabolism 
are potentiators of inflammation or secondary outcomes in 
response to changes in the skin microenvironment. Microbial 
16S rRNA PCR amplification and sequencing have enabled us 
to analyze complex microbial communities at the taxonomic 
and phylogenetic levels. However, to our disappointment, 
results from microbial studies in rosacea patients have so far 
been discordant at the level of both the skin [18–20] and the 
gut [37, 38]. It is especially difficult to interpret the findings 
from these studies because skin and gut microbial composi-
tion depends on numerous factors, including food, age, stress, 
and environment. There are also great interpersonal differ-
ences in the human microbiota, a problem that can only be 
overcome by conducting studies using paired samples from 
the same patient [22]. Although data are scarce, the reports 
of successful rosacea treatment with oral probiotics combined 
with conventional therapy are promising [35, 36] and pro-
vide evidence for the role of the gut microbiota in rosacea 
pathogenesis. In acne, several clinical trials reported positive 
results with oral or topical probiotics used alone or in com-
bination. Further investigations are necessary to assess the 
efficacy of oral/topical probiotics and/or prebiotics in rosacea 
and identify their exact mechanisms of action. We should be 
aware that such treatments may require customization due to 
great interpersonal differences in the skin and gut microbiota. 

Fig. 4   A proposed model of the 
gut-brain-skin axis in rosacea. 
HPA hypothalamic pituitary 
adrenal, SCFA short-chain fatty 
acid, TRPV transient receptor 
potential vanilloid
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Moreover, as food affects gut microbiota composition [34], 
further research in this domain could lead to adapted dietary 
advice being provided to patients with rosacea.

Another exciting field of research is investigation of the 
gut-brain-skin axis in rosacea; a greater understanding of 
how the brain (i.e., stress) influences the gut and skin micro-
biota could also provide better therapeutic strategies (i.e., 
stress-relieving practices).
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