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Summary

Acne vulgaris is a highly prevalent inflammatory
disease, which affects predominantly young adults. The
infectious factor, along with the hypersecretion of sebum
with altered lipid composition, the abnormal proliferation
and differentiation of keratinocytes in the hair follicle, as
well as the inflammasome activation with the infiltration of
immune cells into the perifollicular dermis are considered to
play an essential part in the pathophysiology of acne
vulgaris. It has been shown that Cutibacterium acnes is the
most prevalent and abundant bacterial species on the skin
with the highest presence in sebaceous gland-rich skin.
Furthermore, Cutibacterium acnes has many interactions
with key events involved in the pathogenesis of acne,
including: host inflammation, augmentation of lipogenesis,
comedo formation and biofilm production. This article’s
purpose is to emphasize the correlations between the skin
microbiome and acne vulgaris by describing the complex
effects that Cutibacterium acnes and other bacterial species
exert on the sebaceous follicle.

Keywords: acne vulgaris, skin microbiome, Cuti-
bacterium acnes, Staphylococcus epidermidis.

rezumat

Acneea vulgarã reprezintã o boalã inflamatorie cu o
prevalenþã înaltã care afecteazã, predominant, adulþii
tineri. Factorul infecþios, alãturi de hipersecreþia de sebum
cu o compoziþie lipidicã alteratã, proliferarea si diferenþierea
anormalã a keratinocitelor de la nivelul foliculului pilos,
precum ºi factorul inflamator, cu infiltrarea celulelor imune
la nivelul dermului perifolicular joacã un rol esenþial în
patogeneza acneei vulgare. Cutibacterium acnes reprezintã
specia bacterianã predominantã la nivelul pielii, având o
prezenþã importantã în regiunile bogate în glande sebacee.
Mai mult decât atât, Cutibacterium acnes este implicat în
evenimente-cheie ale patogenezei acneei ºi anume:
declanºarea rãspunsului inflamator al gazdei, stimularea
lipogenezei, formarea comedoanelor ºi producerea de
biofilme bacteriene. Scopul acestui articol este de a
evidenþia corelaþia dintre microbiomul cutanat ºi acneea
vulgarã prin descrierea efectelor complexe pe care
Cutibacterium acnes, dar ºi alte specii bacteriene, le exercitã
asupra foliculului pilo-sebaceu.

Cuvinte-cheie: acneea vulgarã, microbiom cutanat,
Cutibacterium acnes, Staphylococcus epidermidis.
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Introducere

Numãrul celulelor microbiene care colo-
nizeazã corpul uman este de zece ori mai mare
decât numãrul celulelor umane ºi se estimeazã cã
microorganismele de la nivelul pielii ºi al intesti-
nului sunt vitale pentru echilibrul metabolic,
hormonal ºi imunologic al gazdei [1, 2, 3].

Termenul „microbiom” face referire la o
multitudine de microorganisme ºi include
virusurile, bacteriile, fungii, dar ºi metaboliþii
acestora, genele ºi micromediul care le înconjoarã
[1, 2, 3]. Termenul „microbiotã” este mai puþin
cuprinzãtor, descriind microorganismele comen-
sale ºi simbiotice, dar ºi pe acelea patogenice care
se gãsesc într-un anumit mediu la un moment dat
[1, 2 , 3].

Interacþiunea gazdã-microbiom este frecvent
implicatã în patogeneza bolilor dermatologice
cronice, aºa cum sunt acneea vulgarã, rozaceea,
hidradenita supurativã, dermatita atopicã,
psoriazisul vulgar, plãgile cu evoluþie cronicã ºi
multe altele [4, 5, 6, 7, 8, 9,].

Acneea vulgarã reprezintã o boalã infla-
matorie a foliculului sebaceu uman cu o
prevalenþã înaltã, care afecteazã aproximativ 85%
din adulþii tineri [10]. La momentul actual,
urmãtorii patru factori importanþi sunt consi-
deraþi a contribui la patogeneza acneei: hiper-
secreþia de sebum, cu o compoziþie lipidicã
alteratã, proliferarea si diferenþierea anormalã a
keratinocitelor de la nivelul foliculului pilos,
factorul infecþios ce implicã, în primul rând,
Cutibacterium acnes (C. acnes), dar ºi alte
microorganisme, precum ºi activarea inflamazo-
mului cu infiltrarea celulelor imune în dermul
perifolicular [10]. Factorii patogeni sunt expri-
maþi în proporþii unice pentru fiecare individ
afectat de acnee vulgarã. Mai mult decât atât,
aceºti factori se influenþeazã reciproc, producând
circuite vicioase complexe. Interacþiunea gazdã-
microbiom în acneea vulgarã este esenþialã în
patogenie ºi este reflectatã cel mai bine de
rezultatele studiilor moleculare avansate. Au fost
observate diferenþe semnificative în ceea ce
priveºte diversitatea ºi activitatea bacterianã a
microbiomului cutanat în leziunile inflamatorii ºi
neinflamatorii [5].

Patogeneza infecþioasã a acneei vulgare a fost
intens dezbãtutã în ultimii ani. Au fost descrise

Introduction

The number of microbial cells that colonize
the human body is ten times higher than the
number of human cells and it is estimated that
the microbes of the skin and gut are vital to the
metabolic, hormonal, and immunologic equili-
brium of the host [1, 2, 3].

The term ‘microbiome’ refers to a multitude
of microorganisms, including viruses, bacteria
and fungi, but also their metabolites, genes and
the environment surrounding them [1, 2, 3]. The
term ‘microbiota’ is more limited, describing the
group of commensals and symbiotic micro-
organisms, but also the pathogenic ones found in
a fixed environment [1, 2, 3].

Host-microbiome interplay is frequently
involved in the pathogenesis of chronic dermato-
logic diseases such as acne vulgaris, rosacea,
hidradenitis suppurativa, atopic dermatitis,
psoriasis vulgaris, chronic wounds and many
others [4, 5, 6, 7, 8, 9].

Acne vulgaris is a highly prevalent inflam-
matory disease of the human sebaceous follicle,
that affects approximately 85% of young adults
[10]. Four important factors have been thought to
contribute to the pathogenesis of acne: the
hypersecretion of sebum with altered lipid
composition, the abnormal proliferation and
differentiation of keratinocytes in the hair follicle
leading to comedogenesis, the infectious factor
with the implication of Cutibacterium acnes (C.
acnes) and other microorganisms, as well as the
inflammasome activation with the infiltration of
immune cells into the perifollicular dermis [10].
These pathogenic factors are expressed in unique
proportions for each individual affected by acne
vulgaris. Moreover, the factors influence each
other producing complex vicious circuits. The
host- microbiome interplay in acne vulgaris is
essential in the pathogenesis and it is best
reflected by the results of advanced molecular
studies. There were observed significant differ-
ences of the microbiomes in inflammatory and
non-inflammatory lesions, regarding bacterial
diversity and activity [5].

The infectious pathogenesis of acne vulgaris
was intensely debated over the past few years.
There were described two types of skin
microbiome: the resident microbiome and the
transient one. The resident microbiome consists
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douã tipuri de microbiom cutanat: microbiomul
rezident ºi cel tranzitor. Microbiomul rezident
este format din microorganisme comensale, aflate
în homeostazie cu gazda ºi include C. acnes ºi
Staphylococcus epidermidis [11]. Microbiomul
tranzitoriu este format din microorganisme
patogene din mediu, aflate temporar la nivel
cutanat ºi includ Staphylococcus aureus [11]. A fost
sugerat faptul cã un dezechilibru al micro-
biomului sau disbioza prezintã implicaþii în
fiziopatologia acneei inflamatorii, comparativ cu
o distribuþie normalã a microorganismelor în
þesuturile sãnãtoase [11].

Astfel de concepte complexe ºi controverse
ne-au determinat sã efectuãm o analizã detaliatã
a literaturii de specialitate, pentru a contura rolul
microbiomului cutanat în patogeneza acneei
vulgare. 

Microbiomul cutanat

Pielea este cel mai mare organ al corpului
uman, colonizat de o comunitate heterogenã de
microorganisme, inclusiv bacterii, fungi, virusuri,
dintre care majoritatea sunt inofensive sau chiar
benefice pentru gazda lor. Rãspunsurile imune
cutanate înnãscute ºi adaptative pot influenþa
microbiota pielii, care, la rândul ei, participã la
educarea sistemului imunitar [4].

Bacteriile reprezintã membrii dominanþi ai
microbiomului cutanat. Peste 40 de tipuri de
bacterii au fost identificate pe piele, aparþinând în
principal filumurilor Actinobacteria (Coryne-
bacterineae, Propionibacterineae), Firmicutes
(Staphylococcaceae), Proteobacteria ºi
Bacteroidetes [12, 13, 14].

Proporþiile acestor bacterii variazã în funcþie
de individ, de regiunile corpului, precum ºi de
diferitele micro-medii cutanate. Factori de mediu
precum temperatura, ocupaþia, expunerea la
radiaþii ultraviolete, umiditatea sau utilizarea
antibioticelor, sãpunurilor, produselor cosmetice
pot influenþa colonizarea microbianã a pielii [15,
16, 17].

Densitatea ºi compoziþia microbianã se
schimbã, de asemenea, odatã cu vârsta. La nou-
nãscuþi, microbiota depinde de calea naºterii, iar
la copil, este dominatã de Firmicutes [18].
Microbiota regiunilor bogate în glande sebacee se
formeazã în timpul pubertãþii când modificãrile

of commensal microbes that live in homeostasis
with the host and includes C. acnes and
Staphylococcus epidermidis [11]. The transient
microbiome consists of pathogen microbes from
the environment, which temporarily live on the
skin and includes Staphylococcus aureus [11]. It has
been suggested that a microbial imbalance or
dysbiosis compared with the normal distribution
in healthy tissues, is involved in the patho-
physiology of inflammatory acne [11].

All the complex concepts and controversies
have led us to perform a literature review on the
role of skin microbiome in the pathogenesis of
acne vulgaris.

The skin microbiome 

The skin is the human body’s largest organ,
colonized by a heterogenous communities of
microorganisms, including bacteria, fungi,
viruses, most of which are harmless or even
beneficial to their host. Innate and adaptative
cutaneous immune responses can modulate the
skin microbiota, but the microbiota also functions
in educating the immune system [4].

Bacteria represent the most dominant
members of the cutaneous microbiome. More
than 40 bacterial types have been identified on
the skin, mainly belonging to: Actinobacteria
(Corynebacterineae, Propionibacterineae), Firmi-
cutes (Staphylococcaceae), Proteobacteria and
Bacteroidetes [12, 13, 14].

The proportions of these bacteria vary
depending on individuals, body sites, as well as
skin micro-environments. Environmental factors
such as temperature, occupation, ultraviolet
radiation exposure, humidity or the use of
antibiotics, soaps, cosmetics can influence
microbial colonization of the skin [15, 16, 17].

The microbial density and composition also
change with age. In neonates, the microbiota
depends on the route of delivery, and in infancy,
dominant is Firmicutes [18]. The microbiota of
the sebaceous sites is formed during puberty
when hormonal changes activate the sebaceous
glands [19]. The bacterial composition and
diversity is also influenced by gender so
women’s hand surfaces carry a more diverse set
of microorganisms than men’s [20].
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hormonale activeazã aceste glande [19].
Compoziþia ºi diversitatea bacterianã sunt, de
asemenea, influenþate de gen- spre exemplu,
tegumentul mâinilor femeilor prezintã o diver-
sitate mai mare de microorganisme comparativ
cu bãrbaþii [20].

Regiunile pielii sunt împãrþite în trei
categorii: zone umede (palmo-plantar, fosã
cubitalã ºi poplitee, axilar, inghinal), locuri uscate
(antebraþ) ºi zone sebacee (extremitate cefalicã-
predominant frontal, nazal ºi nazo-genian, retro-
auricular; toracal superior) [3, 4]. Bacteriile
prezente în special în regiunile umede sunt
Staphylococcus ºi Corynebacterium spp. [3,4].
Zonele cu piele uscatã prezintã în diferite
proporþii cele patru filumuri- Actinobacteria,
Firmicutes, Proteobacteria ºi Bacteroidetes [3,4].
Zonele sebacee au cea mai micã diversitate
bacterianã, deoarece puþine microorganisme pot
tolera acest mediu. Cutibacterium spp. pot
supravieþui în condiþii anaerobe, bogate în lipide
ºi sunt principalele microorganisme izolate din
zonele sebacee [3,4].

Foliculul pilosebaceu reprezintã þinta în
acneea vulgarã. Microbiomul unitãþilor pilo-
sebacee este similar cu cel al suprafeþei cutanate
învecinate din punctul de vedere al compoziþiei ºi
cuprinde doi rezidenþi majori: C. acnes ºi
Staphylococcus epidermidis, dar poate cuprinde în
cantitãþi variabile alte Cutibacterium spp. precum
C. granulosum ºi C. avidum, precum ºi speciile
aparþinând Staphylococcus, Corynebacterium,
Pseudomonas ºi fungi comensali, aºa cum este
Malassezia [21, 22]. Aceste microorganisme au
capacitatea de a dezvolta comunitãþi cunoscute
sub numele de biofilme. În foliculul pilosebaceu,
matricea biofilmului poate acþiona ca un adeziv
biologic ce restricþioneazã trecerea sebumului în
infundibul ºi favorizeazã reþinerea ºi acumularea
corneocitelor în lumen, rezultând un dop
keratozic ºi comedoanele [21, 22].

Cutibacterium acnes

În 1896, C. acnes a fost descris pentru prima
datã de Paul Gerson Unna atunci când a observat
secþiuni histologice ale comedoanelor ºi a fost
numit iniþial Bacillus acnes; ulterior, în 1922 a fost
clasificat pentru prima datã în genul Coryne-
bacterium, iar în 1933 numele a fost schimbat din
nou în Porpionbacterium acnes. În 2016, meta-

Skin sites are divided into three categories:
moist areas (sole, popliteal fossa, axillae, inguinal
area), dry sites (forearm), and sebaceous sites
(head - especially on the forehead, nasal and alar
crease, retro-auricular; upper trunk; genital) [3,
4]. The bacteria especially found in moist area are
Staphylococcus and Corynebacterium spp. [3,4]. Dry
skin sites present in various proportions the four
major phyla- Actinobacteria, Firmicutes, Proteo-
bacteria and Bacteroidetes [3,4]. Sebaceous sites
have the lowest bacterial diversity because few
microorganisms can tolerate the environment.
Cutibacterium spp. can survive in anaerobic, lipid-
rich conditions and are the main isolates from
sebaceous areas [3,4].

Sebaceous follicles are the target for acne. The
microbiome of the pilosebaceous units is similar
with the surface composition and comprises two
major residents namely C. acnes and Staphylo-
coccus epidermidis, but it can comprise in variable
quantities other Cutibacterium spp. like C.
granulosum and C. avidum, as well as species
belonging to Staphylococcus, Corynebacterium,
Pseudomonas and the commensal fungi Malassezia
[21, 22]. These microbes have the ability to form
communities known as biofilms. In the
pilosebaceous follicle, a biofilm matrix can act as
a biological adhesive to restrict sebum passage
into the infundibulum and promotes retention
and accumulation of corneocytes in the lumen,
resulting in a keratinaceous plug and leading to
comedo formation [21, 22].

Cutibacterium acnes

In 1896, C. acnes was first described by Paul
Gerson Unna when observing histological
sections of comedones and was initially named as
Bacillus acnes; later, in 1922 was first classified in
the genus Corynebacterium and in 1933 the name
was changed again in Porpionbacterium acnes. In
2016, metagenomics and genomic investigations
resulted in new reclassification of P. acnes in
Cutibacterium acnes, but frequently the name of
P. acnes continues to be used to reduce the
confusion between Cutibacterium and Coryne-
bacterium [10, 23, 24]. In this article the new
nomenclature of Cutibacterium acnes (C.acnes) will
be used.

C. acnes is involved in key events of acne
pathogenesis, including: host inflammation,
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genomica ºi investigaþiile genomice au condus la
o nouã reclasificare a P. acnes în Cutibacterium
acnes, dar frecvent denumirea de P. acnes
continuã sã fie utilizatã pentru a reduce confuzia
dintre Cutibacterium ºi Corynebacterium [10, 23,
24]. În acest articol va fi utilizatã noua
nomenclaturã a Cutibacterium acnes (C.acnes).

C. acnes este implicat în evenimente cheie ale
patogenezei acneei, inclusiv: rãspunsul infla-
mator al gazdei, creºterea lipogenezei, formarea
comedonelor, producþia de biofilme. Mai recent,
studiile moleculare au dovedit existenþa unui
dezechilibru între multitudinea de micro-
organisme cutanate ºi diferitele tulpini de C.
acnes. Dezvoltarea acneei, precum ºi severitatea
acesteia pot fi asociate cu o pierdere a diversitãþii
tulpinilor de C. acnes comparativ cu persoanele
sãnãtoase [25, 26, 27].

C. acnes este cea mai rãspânditã ºi abundentã
specie bacterianã la nivelul tegumentului, cu cea
mai mare prezenþã în pielea bogatã în glande
sebacee [10].

În studiul lui Leyden JJ ºi colab., pielea feþei ºi
a scalpului conþinea cea mai mare densitate de C.
acnes (~ 105-106/cm2), urmatã de trunchi ºi
membrele superioare, iar cea mai micã densitate
de C. acnes se afla la nivelul membrelor inferioare
(~ 102/cm2) [28]. Densitatea C. acnes variazã, de
asemenea, în funcþie de vârstã, fiind foarte
scãzutã pe pielea copiilor înainte de pubertate,
dar creºte odatã cu vârsta, de la adolescenþã pânã
la maturitate, scãzând apoi dupã vârsta de 50 de
ani [28, 29, 30]. 

C. acnes este, de asemenea, un important
comensal al pielii. Hidrolizeazã trigliceridele,
elibereazã acizi graºi liberi ºi menþine pH-ul
scãzut al pielii. pH-ul scãzut al pielii inhibã
colonizarea bacteriilor patogene, cum ar fi
Streptococcus ºi Staphylococcus aureus [4, 31, 32]. 

Studiile au raportat cã anumite tulpini de C.
acnes exprimã izomeraza linoleicã, ducând la o
creºtere a acidului linoleic conjugat trans-10, cis-
12 [33, 34, 35, 36]. Aceastã activare a mediatorilor
lipidici ar putea declanºa stresul la nivelul
reticulului endoplasmatic (ºi apoptoza ulte-
rioarã), contribuind astfel la patogeneza leziu-
nilor acneice. Acest lucru a condus la ipoteza cã
înlocuirea tulpinilor de C. acnes legate de
procesul inflamator al pielii acneice cu acele
tulpini care nu sunt asociate cu inflamaþia ar

augmentation of lipogenesis, comedo formation,
biofilm production. Recently, studies using the
latest molecular methods show that imbalance
between the multitude of skin microorganisms
and different strains of C. acnes. The development
of acne as well as its severity may be associated
with a loss of diversity of C. acnes strains
compared with healthy individuals [ 25, 26, 27].

C. acnes is the most prevalent and abundant
bacterial species on the skin with the highest
presence in sebaceous gland-rich skin [10].

In the study of Leyden JJ et al., the facial and
scalp skin contained the highest density of C.
acnes (~105- 106/cm2), followed by the torso and
upper limbs, and the lowest density of C. acnes is
at the lower limbs (~102/cm2) [28]. The density of
C. acnes also varies with age, so it is very low on
the skin of children before puberty, but increases
with age-from adolescence to adulthood, and
then decreases after the age of 50 years [28, 
29, 30].

C. acnes is also an important skin commensal.
It hydrolyses triglycerides, releases free fatty
acids and maintains low skin pH. The low skin
PH inhibits the colonization of pathogenic
bacteria, such as Streptococcus and Staphylococcus
aureus [4, 31, 32].

Studies have reported that certain strains of
C. acnes express linoleic isomerase, leading to an
increase in trans-10, cis-12 conjugated linoleic
acid [33, 34, 35, 36]. This activation of lipid
mediators could trigger endoplasmic reticulum
stress (and subsequent apoptosis), thus con-
tributing to the pathogenesis of acne lesions. This
led to the hypothesis that the replacement of C.
acnes strains related to the inflammatory process
in acne skin with those strains that are not
associated with inflammation, might reduce the
degree of acne [33, 34, 35, 36]. A study published
in 2019 showed that this replacement led to a
significant reduction in non-inflamed lesions
[36].

C. acnes classification based on genetic varia-
tions includes three major genetic phylotypes I,
II, and III [10, 23]. Based on multilocus sequence
typing, C. acnes was subdivided into phylo-
genetic classes IA-1, IA-2, IB-1, IB-2, IB-3, IC, II,
and III [10, 23]. Moreover, C. acnes strains have
been classified by 16S rRNA gene sequencing into
ten major ribotypes [10, 23]. These classifications
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putea reduce gradul de acnee [33, 34, 35, 36]. Un
studiu publicat în 2019 a arãtat cã aceastã
înlocuire a dus la o reducere semnificativã a
leziunilor neinflamatorii [36]. 

Clasificarea C. acnes bazatã pe variaþii
genetice include trei genotipuri majore I, II ºi III
[10, 23]. Pe baza secvenþierii genetice, C. acnes a
fost împãrþit în clasele filogenetice IA-1, IA-2, IB-
1, IB-2, IB-3, IC, II ºi III [10, 23]. Mai mult,
tulpinile de C. acnes au fost clasificate prin
secvenþierea genei 16S ARNr în zece ribotipuri
majore [10, 23]. Aceste clasificãri sunt foarte utile,
deoarece faciliteazã studiul corelaþiilor dintre
anumite tulpini de C. acnes ºi activitatea bolii [23].
Tulpinile IA-2, IB-1 ºi IC par a fi asociate acneei
[3, 14, 23, 37, 38], în timp ce tulpina II este mai
frecventã la pielea sãnãtoasã [3, 14, 23, 37, 38].
Tulpinile IA-1, IB-2 ºi IB-3 au fost identificate în
ambele tipuri de piele, atât cea sãnãtoasã, cât ºi
cea acneicã [14, 23, 3, 37, 38]. Tulpinile de tip III
sunt rareori prezente pe faþã ºi mai abundente pe
spate, fiind asociate cu o altã patologie, hipo-
melanoza macularã progresivã [23, 39, 40].

RT1, RT2 ºi RT3 au fost întâlnite atât la
persoanele sãnãtoase, cât ºi la cele cu acnee, fãrã
diferenþe semnificative [10]. RT4, RT5 ºi RT8 au
fost identificate la pacienþii cu acnee, în timp ce
RT6 a fost mai frecvent la persoanele sãnãtoase
[10].

1. Procesul inflamator al gazdei

C. acnes activeazã imunitatea înnãscutã,
interacþionând cu receptori Toll-like (TLR), TLR-2
în special, receptori activaþi cu o proteazã (PAR),
peptide antimicrobiene (AMP) ºi metalo-
proteinaze matriceale (MMP) [41,42]. Stimuleazã
producþia ºi secreþia de citokine pro-inflamatorii,
precum IL-1a, IL-1b, IL-6, IL-8, IL-12, TNF-a
(tumor necrosis factor alpha- factorul de necrozã
tumoralã alfa),  GM-CSF (granulocyte-macro-
phage colony-stimulating factor-factor de stimu-
lare a coloniilor de granulocite-macrofage), 
b-defensina, interferonul ºi alte polipeptide de
cãtre keratinocite, sebocite ºi macrofage, iniþiind
ºi/sau exacerbând astfel rãspunsurile inflama-
torii [41, 42].

C. acnes activeazã, de asemenea, cele douã cãi
ale complementului: calea clasicã ºi calea alternã,
cu o creºtere a C3a ºi C5a, conducând la

are very useful, since they facilitate the study of
correlations between particular C. acnes strains
and disease activity [23]. Strains IA-2, IB-1 and IC
seem to be associated with acne [3, 14, 23, 37, 38]
while strain II is more frequent in healthy skin [3,
14, 23, 37, 38]. Strains IA-1, IB-2, and IB-3 were
identified in both [14, 23, 3, 37, 38]. Type III
strains are rarely present on the face and more
abundant on the back, being associated with the
condition of progressive macular hypomelanosis
[23, 39, 40].

RT1, RT2 and RT3 were found in both healthy
and acne individuals with no significant
differences [10]. RT4, RT5 and RT8 were found in
acne patients, while RT6 was found mostly in
healthy individuals [10].

1. Host inflammation

C. acnes activates the innate immunity,
interacting with Toll-like receptors (TLRs), TLR-2
in particular, protease-activated receptors (PARs),
antimicrobial peptides (AMPs), and matrix
metalloproteinases (MMP) [41,42]. It upregulates
the production and secretion by human sebo-
cytes, keratinocytes and macrophages of pro-
inflammatory cytokines, including IL-1a , IL-1b,
IL-6, IL-8, IL-12, TNF-a (tumor necrosis factor
alpha), GM-CSF (granulocyte-macrophage
colony-stimulating factor), b-defensin, interferon
and other polypeptides, thereby initiating
and/or exacerbating inflammatory responses [41,
42].

C. acnes also activates the two pathways of
the complement: classical and alternative
pathways, with the increase in C3a and C5a,
leading to vascular permeability and lymphocyte
infiltration [43, 44].

C. acnes is able to modulate keratinocyte
differentiation by inducing a3, b1, a6s, filaggrin
and aVb6 integrin expression on keratinocytes,
changes observed in the development of acne
lesions [45]. In vitro studies have shown that C.
acnes can induce the stimulation of T cells
(Th1/Th17) and the production of IL-17 [46].
CD3+ cells were identified near C. acnes-positive
comedones, cells that were absent from the
surrounding inflamed lesions of acne [47]. These
findings support the role of C. acnes in the
initiation of inflammation in acne vulgaris [47].
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permeabilitate vascularã crescutã ºi infiltrare
limfocitarã[43, 44].

C. acnes este capabil sã regleze diferenþierea
keratinocitarã prin inducerea expresiei integrinei
a3, b1, a6s, a filagrinei ºi aVb6 pe keratinocite,
modificãri observate în dezvoltarea leziunilor
acneice [45]. Studiile in vitro au arãtat cã C. acnes
poate induce stimularea celulelor T (Th1 / Th17)
ºi producerea de IL-17 [46]. Celulele CD3 + au
fost identificate în apropierea comedoanelor C.
acnes-pozitive, celule care lipseau din leziunile
inflamatorii ale acneei din jur [47]. Aceste
descoperiri susþin rolul C. acnes în iniþierea
reacþiei inflamatorii în acneea vulgarã [47].

Pe de altã parte, C. acnes induce, de
asemenea, secreþia de acid lipoteicoic stafilococic,
care ar putea reduce inflamaþia prin inhibarea
expresiei TLR-2 în keratinocite ºi inducerea
expresiei miR-143 [48, 49].

C. acnes produce enzime multiple (proteaze,
lipaze, fosfataze, porfirine, hialuronidaze) fiind
capabil, de asemenea, de a activa celulele gazdã
pentru a produce metaloproteinaze matriceale
(MMP) [50, 51, 52]. Prin urmare, micro-
organismele produc injuria glandelor sebacee, a
foliculilor piloºi, precum ºi a matricei extra-
celulare dermice ºi exacerbeazã inflamaþia [50, 51,
52].

Un studiu recent a raportat cã C. acnes poate
produce o toxinã care formeazã pori, factorul
CAMP (factorul Christie-Atkinson-Munch-
Peterson), care induce moartea sebocitelor, cu
amplificarea inflamaþiei la nivelul glandelor
sebacee [53, 54]. În plus, un alt studiu a raportat
cã factorul CAMP 1 al C. acnes stimuleazã
keratinocitele in vitro prin interacþiunea directã cu
TLR-2 [55].

C. acnes secretã, de asemenea, porfirine care
pot genera specii reactive de oxigen ºi pot induce
inflamaþia keratinocitelor [56]. În plus faþã de
aceste constatãri, un studiu din 2013 realizat de
McDowell A ºi colab. a sugerat cã o terapie-þintitã
asupra factorului CAMP ar putea face obiectul
unor cercetãri viitoare pentru a stabili care ar
putea fi efectul exercitat asupra tulpinilor de C.
acnes [54].

Hialuronidaza este o enzimã cu douã
variante în populaþia C. acnes care diferã prin
capacitatea lor de a degrada acidul hialuronic,
putând fi implicate în rãspunsurile pro-

On the other side, C. acnes also induces the
secretion of staphylococcal lipoteichoic acid
which could reduce the inflammation by
inhibiting TLR-2 expression in keratinocytes and
inducing expression of miR-143 [48, 49].

C. acnes produces multiple enzymes (pro-
teases, lipases, phosphatases, porphyrins,
hyaluronidases), while it is also able to activate
host cells to produce matrix metalloproteinases
(MMPs) [50, 51, 52]. Therefore, the micro-
organisms injure sebaceous glands, hair follicles
and the dermal extracellular matrix and exacer-
bate inflammation [50, 51, 52].

A recent study reported that C. acnes can
produce a pore forming toxin, the CAMP factor
(Christie-Atkinson-Munch-Peterson factor), that
induces sebocyte death, resulting in an amplified
inflammation of the sebaceous glands [53, 54]. In
addition, another study reported that CAMP
factor 1 of C. acnes stimulated keratinocytes in
vitro by direct interaction with TLR-2 [55].

C. acnes also secrets porphyrins that can
generate reactive oxygen species and can induce
keratinocyte inflammation [56]. In addition to
these findings, a study from 2013 by McDowell A
et al. suggested that a CAMP – factor targeted
therapy could be the subject of future research in
order to establish what may be its exerted effect
on C. acnes strains [54].

Hyaluronidase is an enzyme with two
variants in the C. acnes population that differ in
their ability to degrade hyaluronic acid and could
be involved in the pro-inflammatory responses
observed in acne [57]. First variant is observed in
C. acnes type IA strains and can be associated
with acne, while the second variant was
identified in C. acnes type IB and II strains and is
associated especially with soft tissue infections.
[57] HA fragments interact with CD44 or TLR-2
and can induce the inflammatory response [57].

Lipase is a C. acnes virulence factor that
causes increased amounts of short chain fatty
acids, especially free oleate, which promotes the
adhesion of C. acnes and initiates biofilm
formation [10].

Zouboulis CC et al. (2019) showed that short-
chain fatty acids (SCFAs) produced by C. acnes in
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inflamatorii observate în acnee [57]. Prima
variantã este observatã la tulpinile de tip C. acnes
IA ºi poate fi asociatã cu acneea, în timp ce a doua
variantã a fost identificatã la tulpinile C. acnes tip
IB ºi II ºi este asociatã în special cu infecþii ale
þesuturilor moi [57]. Fragmentele de acid
hialuronic interacþioneazã cu CD44 sau TLR2 ºi
pot induce rãspunsul inflamator [57].

Lipaza este un factor de virulenþã al C. acnes
care determinã cantitãþi crescute de acizi graºi cu
lanþ scurt, în special oleat liber, care promoveazã
adeziunea C. acnes ºi iniþiazã formarea bio-
filmului [10].

Zouboulis CC ºi colab. (2019) au arãtat cã
acizii graºi cu lanþ scurt (SCFA) produºi de C.
acnes în condiþii hipoxice, bogate în lipide, au un
efect proinflamator asupra keratinocitelor [58]. 
S-a demonstrat cã aceºti acizi graºi cu lanþ scurt
influenþeazã comportamentul sebocitelor ºi al
keratinocitelor prin douã mecanisme: inhibarea
activitãþii histon-deacetilazei ºi activarea recep-
torilor de acizi graºi [58]. Keratinocitele epider-
mice exprimã mai multe gene proinflamatorii,
pierzându-se astfel toleranþa faþã de aceste
microorganisme comensale [31, 58].

2. Creºterea lipogenezei

C. acnes a fost implicat în lipogenezã,
deoarece stimuleazã glandele sebacee prin
intermediul hormonului eliberator al cortico-
tropinei (CRH) [59]. Expresia crescutã CRH a fost
descrisã în acnee; un studiu al biopsiilor pielii
faciale la pacienþii diagnosticaþi cu acnee a
raportat o expresie mai mare a CRH la nivelul
sebocitelor din tegumentul patologic comparativ
cu pielea normalã [60]. CRH creºte sinteza
lipidelor ºi induce eliberarea de IL-6 ºi IL-8 de
cãtre sebocite, mediatã de receptorul CRH [61]. 

3. Comedogeneza 

Un factor esenþial în patogeneza acneei este
keratinizarea folicularã anormalã cu proliferarea
exacerbatã a keratinocitelor acroinfundibulare
care favorizeazã apariþia comedoanelor [10]. Cei
mai importanþi factori comedogeni sunt acizii
graºi liberi. Aceºtia sunt eliberaþi din triacil-
glicerolii prezenþi în sebum prin acþiunea lipazei
C. acnes [10]. Unele studii au descoperit, de
asemenea, cã interleukina-1a (IL-1a), care a fost
detectatã în comedoanele deschise, joacã un rol
important în comedogenezã [10]. Acidul oleic

hypoxic, lipid-rich conditions have a pro-
inflammatory effect on keratinocytes [58]. These
short-chain fatty acids are shown to influence the
behaviour of sebocytes and keratinocytes
through two mechanisms: the inhibition of
histone deacetylase activity and the activation of
fatty acid receptors [58]. Epidermal keratinocytes
express more proinflammatory genes, breaking
the epithelial tolerance to these commensal
microorganisms [31, 58].

2. Augmentation of lipogenesis

Moreover, C. acnes has been involved in
lipogenesis, as it stimulates the sebaceous glands
through the corticotropin-releasing hormone
pathway [59]. CRH expression has been
described in acne; a study of facial skin biopsies
of patients diagnosed with acne reported a higher
expression of CRH in sebocytes of affected skin
compared with normal skin [60]. CRH increases
sebaceous lipid synthesis and induces IL-6
release and IL-8 release by sebocytes, mediated
by the CRH receptor [61].

3. Comedogenesis

An essential factor in the pathogenesis of
acne is abnormal follicular keratinization with
exacerbated proliferation of acroinfundibular
keratinocytes that promote comedones [10]. The
most important comedogenic factors are free
fatty acids. They are released from sebum
triacylglycerols by the action of C. acnes lipase
[10]. Some studies have also found that
interleukin-1a (IL-1a), which has been detected
in open comedones, plays an important role in
comedogenesis [10]. Free oleic acid improves
calcium influx into epidermal keratinocytes.
Increases keratinocyte proliferation and induces
abnormal keratinization associated with
increased IL-1a release [10]. Free palmitic acid
acts as a stimulating ligand of TLR-2 and
activates the NLRP3 inflammasome [10]. Free
palmitic acid, oleic acid, and DAGs
(diacylglycerols) act as danger signals that
activate the innate immune response [10].

4. Biofilm production
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liber îmbunãtãþeºte fluxul de calciu în keratino-
citele epidermice. De asemenea, creºte prolife-
rarea keratinocitelor ºi induce keratinizarea
anormalã asociatã cu creºterea eliberãrii IL-1a

[10]. Acidul palmitic liber acþioneazã ca un ligand
stimulant al TLR2 ºi activeazã inflamazomul
NLRP3 [10]. Acidul palmitic liber, acidul oleic ºi
DAG (diacilglicerolii) acþioneazã ca semnale de
pericol care activeazã rãspunsul imun înnãscut
[10]. 

4. Producþia de biofilme 

O altã caracteristicã patologicã a C. acnes este
capacitatea de a dezvolta biofilme, protejându-se
astfel de rãspunsul imunitar al gazdei, de agenþi
antimicrobieni sau de alþi factori de mediu [3, 37].
Microorganismele se ataºeazã la o suprafaþã, se
înmulþesc ºi produc o matrice de protecþie
extracelularã, un proces coordonat prin semna-
lizarea interbacterianã, quorum sensing [10]. În
timp ce în comedoane au fost descrise biofilme de
C. acnes în proporþie de 16%, în leziunile active
ale acneei biofilmele au fost prezente în 86% din
cazuri [62, 63]. 

Alte microorganisme asociate acneei
vulgare

Numeroase alte bacterii colonizeazã supra-
faþa tegumentului, dintre care unele sunt impor-
tante în menþinerea sãnãtãþii pielii, în timp ce
altele pot exacerba anumite boli [23].

Un studiu realizat de N. Jusuf ºi colab. în 2020
a raportat cã existã diferenþe în ceea ce priveºte
microbiomul cutanat în leziunile neinflamatorii
comparativ cu cele inflamatorii în acneea
vulgarã. C. acnes, Staphylococcus epidermidis,
Staphylococcus hominis, Staphylococcus haemo-
lyticus, Leuconostoc mesentroides ºi Staphylococcus
aureus au fost izolate în toate tipurile de leziuni
acneice, dar cu diferenþe cantitative semnificative
[38]. Micrococcus luteus, Kocuria varians ºi Staphy-
lococcus vitulinus au fost prezente doar în
leziunile neinflamatorii, în timp ce Staphylococcus
cohnii, Staphylococcus arlettae ºi Dermacoccus
nishinomyaensis au fost izolate doar din leziunile
inflamatorii [38].

Unele specii stafilococice cu coagulazo-
negative, cum ar fi Staphylococcus epidermidis sau
Staphylococcus hominis, pot fi prezente atât pe
pielea sãnãtoasã, cât ºi pe cea acneicã [23]. În

Another pathological feature of C. acnes is the
ability to develop biofilms, protecting themselves
from the host’s immune system, antimicrobials or
other environmental factors [3, 37].
Microorganisms attach to a surface, multiply and
produce an extracellular protective matrix, a
process regulated by bacterial signalling through
quorum sensing [10]. While in comedones there
were described biofilms of C. acnes in a
proportion of 16%, in active acne lesions biofilms
were present in 86% of cases [62, 63].

Other acne vulgaris-associated micro-
organims

Several other bacteria colonize the surface of
the skin, some of which are important in
maintaining skin health, while others can
exacerbate certain diseases [23].

A study conducted by N. Jusuf et al. in 2020
reported that there are differences of micro-
biomes found in non-inflammatory and inflam-
matory lesions of acne vulgaris. C. acnes,
Staphylococcus epidermidis, Staphylococcus hominis,
Staphylococcus haemolyticus, Leuconostoc
mesentroides and Staphylococcus aureus were
isolated in all types of acne lesions but with
significant quantitative differences [38]. On the
other side, Micrococcus luteus, Kocuria varians and
Staphylococcus vitulinus were present only in non-
inflammatory lesions, while Staphylococcus cohnii,
Staphylococcus arlettae and Dermacoccus nishino-
myaensis were isolated only from inflammatory
lesions [38].

Some coagulase-negative staphylococcal
species like Staphylococcus epidermidis or Staphy-
lococcus hominis can be present in both healthy
and acne skin [23]. In the last years, light has been
shed upon the potential role of Staphylococcus
epidermidis in the pathophysiology of acne [64].
Wang et al. (2016) observed that Staphylococcus
epidermidis could control the proliferation of C.
acnes by releasing succinic acid which inhibits the
surface TLRs of keratinocytes and suppresses C.
acnes- induced IL-6 [48].

Other studies have reported that C. granu-
losum is more abundant in the comedones and
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ultimii ani, a fost reliefat potenþialul rol al
Staphylococcus epidermidis în fiziopatologia acneei
[64]. Wang ºi colab. (2016) au observat cã
Staphylococcus epidermidis ar putea controla
proliferarea C. acnes prin eliberarea acidului
succinic ce inhibã TLR-urile de pe suprafaþa
keratinocitelor ºi suprimã activitatea IL-6 indusã
de C. acnes [48].

Alte studii au raportat cã C. granulosum este
mai abundent în comedoane ºi pustule ºi prezintã
fenotipuri de virulenþã crescute comparativ cu C.
acnes [65, 66].

Malassezia este unul dintre cele mai
abundente specii de fungi ale pielii. Song ºi colab.
(2011) ºi Numata ºi colab. (2014) au observat cã
Malassezia restricta ºi Malassezia globosa pot fi
izolate la pacienþii tineri cu acnee [67, 68]. Mai
mult, Akaza ºi colab. (2012) au observat cã
activitatea lipazei produsã de Malassezia este de
100 de ori mai mare decât activitatea lipazei
produsã de C. acnes [69]. Malassezia poate
hidroliza trigliceridele în acizi graºi liberi care pot
interfera cu keratinizarea normalã a ductelor
foliculilor pilosebacei [70, 71, 72, 73]. De ase-
menea, produce chemoatracþia celulor polimorfo-
nucleare ºi eliberarea de citokine pro-inflamatorii
[70, 71, 72, 73].

Demodex folliculorum ºi Demodex brevisare sunt
microorganisme ubicuitare pe pielea normalã, în
special în foliculii pilosebacei ai feþei. D.
folliculorum se gãseºte în foliculul pilos, în timp ce
D. brevis se gãseºte predominant în glandele
sebacee. Demodex spp. pot contribui la
dezvoltarea acneei prin obstrucþie folicularã, cu
distensia, hiperkeratoza ºi inflamaþia foliculului
pilosebaceu [74, 75, 76].

Rezistenþa la antibiotice a microorga-
nismelor asociate acneei vulgare

Rezistenþa la antibiotice este o importantã
problemã de sãnãtate publicã. Antibioterapia, fie
localã, fie sistemicã, este frecvent prescrisã în
acneea vulgarã ºi poate fi asociatã cu o varietate
de reacþii adverse, precum rezistenþa bacterianã,
disbioza cutanatã, disbioza intestinalã ºi altele
[77, 78, 79, 80, 81, 82, 83, 84]. Mai multe studii
evidenþiazã faptul cã rezistenþa la antibiotice a C.
acnes este în creºtere, inclusiv pentru antibiotice
din clasa tetraciclinelor [77, 78, 79, 80, 81, 82, 83,
84]. Mai mult, dupã antibioterapia de lungã

pustules and displays increased virulence
phenotypes compared to C. acnes [65, 66].

Malassezia is one of the most abundant fungi
of the skin. Song et al. (2011) and Numata et al.
(2014) observed that Malassezia restricta and
Malassezia globosa can be isolated from young
acne patients [67, 68]. Moreover, Akaza et al.
(2012) observed that the lipase activity of
Malassezia is 100 times greater than the lipase
activity of C. acnes [69]. Malassezia can hydrolyze
triglycerides into free fatty acids which can
interfere with the normal keratinization of hair
follicular ducts [70, 71, 72, 73]. It can also
chemoattract polymorphonuclear cells and
promote the release of pro-inflammatory
cytokines [70, 71, 72, 73].

Demodex folliculorum and Demodex brevis are
ubiquitously found on the normal skin,
especially in the pilosebaceous follicles of the
face. D. folliculorum is found in the hair follicle,
while D. brevis is found predominantly in the
sebaceous glands. Demodex spp. may contribute
to the development of acne by follicular
obstruction, leading to distension, hyperkeratosis
and inflammation [74, 75, 76].

Antibiotic resistance of microorganisms
associated with acne vulgaris

Antibiotic resistance is an important problem
across medicine. Antibiotherapy, either topical or
systemic, is frequently prescribed in acne
vulgaris and may be associated with a variety of
adverse reactions including bacterial resistance,
skin dysbiosis, gut dysbiosis and others [77, 78,
79, 80, 81, 82, 83, 84]. Several reports highlight the
fact that antibiotic resistance of C. acnes is rising,
including towards tetracycline-class antibiotics
[77, 78, 79, 80, 81, 82, 83, 84]. Moreover, after long
term antibiotherapy, it was observed that the skin
microbiota is depleted especially in Staphylo-
coccus epidermidis [77, 78, 79, 80, 81, 82, 83, 84].

Conclusions

While the microbiome of each individual is
unique and complex, researchers have observed
the association of particular C. acnes strains with
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duratã, s-a observat cã microbiota cutanatã
prezintã o depleþie importantã a speciilor
bacteriene, în special în Staphylococcus epidermidis
[77, 78, 79, 80, 81, 82, 83, 84].

Concluzii

Microbiomul cutanat al fiecãrui individ este
unic ºi complex, iar cercetãtorii au observat
asocierea anumitor tulpini de C. acnes cu leziuni
inflamatorii ºi neinflamatorii ale acneei vulgare.
Mai mult, microorganismele pielii pot afiºa
modele de virulenþã variabile în funcþie de factori
externi sau interni, asociaþi gazdei, putând
produce beneficii sau, dimpotrivã, devenind
patogeni. Interacþiunile complexe dintre diferi-
tele microorganisme, precum ºi interacþiunea
gazdã-microbiom cutanat la pacienþii cu acnee
vulgarã sunt în prezent subiectul unor cercetãri
intense. Rezultatele ar putea contribui la dezvol-
tarea de noi terapii reglatoare ale proliferãrii
microorganismelor benefice, cu scopul restabilirii
homeostaziei cutanate.

inflammatory and non-inflammatory lesions of
acne vulgaris. Moreover, skin microorganisms
can display variable virulence patterns
depending on external or host-related factors,
alternating from beneficial to pathogenic. The
complex interactions between different
microorganisms as well as the host-microbiome
interplay in acne vulgaris patients are currently
under intense research. The results could
contribute to the development of new therapies
to modulate the proliferation of beneficial strains
and promote skin homeostasis.
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