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INTRODUCTION 

 

 Human skin is the largest organ of the human body and acts as the first line of defense. It contains microorganisms which 

form commensal microbial community or microbiota.  The microbiota colonizes forming a complex barrier-like structure against 

the external environment. The most common microorganisms identified in the skin is of four main bacterial phyla; Actinobacteria, 

Firmicutes, Proteobacteria, and Bacteroidetes. The most three observed are Corynebacteria, Propionibacteria, and Staphylococci. 

Altering the combination of natural microbial communities or loss in the balance has been associated with chronic inflammatory 

skin diseases such as acne [1-2]. 

 Acne vulgaris is an inflammatory disease caused by increased production of the sebum and appears as pimples [3]. The first 

early lesion in acne development is known as the micro-comedone can evolve into open, closed comedones, and inflammatory 

lesions such as papules, pustules, nodules, and cysts [4]. This paper discusses the role and characteristics of P. acnes in the 

pathogenesis of acne disease along with the emerging of antibiotic-resistant strains that requires attention. 

 

1. Acne an overview 

 The skin consists of a hair follicle, sebaceous gland, and depend on balance in the sebum.  The production of the sebum 

occurs by the sebaceous glands and causes the skin to moisten. Sebaceous sites are dominated by the bacterium 
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Acne vulgaris is an inflammatory disease caused by opportunistic microorganism namely Propionibacterium acnes 
which thrive on the sebum and uses the nutrition’s to develop the condition. P. acnes is Gram-positive, non-spore-
forming, non-motile, rod-shaped bacterium, microaerophilic and anaerobic bacilli that grow best in anaerobic 
conditions under limited oxygen concentrations. This paper discusses the role and characteristics of P. acnes in the 
pathogenesis of acne disease. The mechanism involved in acnes include; abnormal production of sebum, abnormal 
keratinization, an inflammatory immune response, hormonal changes and a variety of mutation in genes such as 
polymorphisms in IL-1α, TNF-α, and CYP1A1. Although the bacteria are part of normal microbiota, some studies 
linked P. acnes to other diseases some are corneal ulcers, endocarditis, sarcoidosis, cholesterol gallstones, 
hyperostosis, inflammation of lymph nodes, lungs, eyes, liver and osteitis (SAPHO) syndrome. The incidence of 
prevalence of antibiotic-resistant strains up to date is increasing, some of reasons is the characteristics of the 
bacteria such as biofilm formation, and phagocytosis. Studies to date investigated the role of P. acnes in acne 
vulgaris, until now, the relationship between acne and the bacterium is still in debate. 
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Propionibacterium, whereas moist sites have Staphylococcus and Corynebacterium. In early adolescence hormones such as 

androgen plays a major role in the production of more sebum which blog pores along with dead cells and keeps skin moisturized. 

In the follicle, a bacterium that primarily thrives on the sebum such as Propionibacterium acnes uses the nutrition’s to develop 

acne condition. This is the pre-stage to acne. The involvement of P. acnes in the pathogenesis of acne up to date is not fully 

understood [5-6]. 

 Acne vulgaris is consistently represented the top three most prevalent skin conditions in the general population as found in 

large studies in the U.K., France, and the U.S.A which considered as one of the most common dermatological diseases that have 

an impact on young people worldwide. The etiology of acne vulgaris relatively depends on many factors such as genetics, 

environment, anxiety, and depression that impact the quality of life [7]. 

 In western societies, acne vulgaris is widespread affecting approximately 79% to 95% of the adolescent population. Some 

studies show that acne is lower in non-industrial civilians than in western populations. In 1971, Schaefer [8] reported that acne 

was absent in Eskimo population before they moved to the modern life while Okinawa was an isolated island in south china sea 

during world war II and no signs of acne were there. On the other hand, In South Africa, dermatologists studied skin color in 

correlation to acne developments and found lower rates of acne among the Bantu population than whites [9-10-11]. 

A survey study made on the German population, researchers found that acne affects 64% of patients aged 20–29 years and 43% of 

those between 30 and 39 years. Moreover, studies to date have focused on Caucasian and black skin types and fewer studies in 

Asian or Arab [12-13]. 

 Yahya, 2009 [14] evaluated a cross‐sectional study made in Africa of students with different age and stated that prevalence of 

acne increased with age (76.7% at age 10–13 years; 88.2% at age 14–16 years; 97.1% at age 17–19 years). The severity of acne 

made students feel low self-esteem and depression.  

Another study made in south India, in older age groups, women were more likely to report having acne vulgaris than men while in 

China, Chinese undergraduates found that acne has a 78% heritability in first‐degree relatives [15-16]. 

 

2. Characteristics of Propionibacterium acnes  

 Propionibacterium acnes is Gram-positive non-spore-forming, non-motile, rod-shaped bacterium, microaerophilic and 

anaerobic bacilli. P. acnes grow best in anaerobic conditions under limited oxygen concentrations (0-20%). Acne is not actually 

infectious disease since P. acnes is part of normal microbiota of healthy human skin; the normal flora of the oral cavity, large 

intestine, the conjunctiva, and the external ear canal [17-18]. The bacteria also normally reside in peripheral lung tissue and 

mediastinal lymph nodes [19]. 

 P. acnes is slow growing and considered as a strict anaerobe, but it can tolerate oxygen up to 100% saturation. In vitro, P. 

acnes can survive for about 8 months without the need to subculture and under anaerobic conditions which allow the bacteria to 

survive in human tissues at low oxidation potentials. The ability of the bacterium to avoid phagocytosis is due to the organism’s 

complex cell wall structure, which also has a surface fibrillar layer [17]. 

 P. acnes has many phylotypes, the first namely type I (IA, IB) and II respectively. The differences between type I and II is in 

the sugar components of their cell walls and bacteriophage susceptibility. The identification between the two types can occur via 

serological agglutination tests, cell wall sugar analysis, bacteriophage susceptibility test, and immunofluorescence. Studies proved 

another distinct clade (subdivision) evolved into type III, adopted long filamentous cell structure that is not found with types I and 

II [4-20-21]. 

 While P. acnes has always been linked to acnes, new findings show that P. acnes dominate the pilosebaceous follicles both in 

acne patients and in healthy skin with 89% to 94% respectively. However, some strains prone to be linked to acnes more such as 

type division IA were strongly associated with moderate to severe acne condition, while type IB, II and III, were associated with 

healthy skin [22]. 

 Nakase et al [23] showed that subdivision type of phylotype IA1 was found almost in all severity acnes with 60%, 57.1% and 

63.3% of strains found in the severe, moderate and mild acnes respectively, whereas phylotype IA2 was associated with severe 

and moderate acne. IA2 also emerged high resistance to antibiotic clindamycin.  

Biofilm formation is another characteristic of P. acne, is a process by which bacteria irreversibly attach to each other growing on a 

surface which leads to a change in the phenotype and producing extracellular polymers facilitating adherence and matrix 

formation. P. acnes lead to the formation of an adhesive glue promoting the binding of corneocytes resulting in micro comedones 

[24]. 

 Coenye et al [25]. showed that cells covered with P. acnes biofilm were more resistant to antimicrobial agents compared with 

planktonic cells.  

 The complete genome of P. acne has been sequenced and this bacterium has a single circular chromosome coding for 2333 

genes, most of these genes encoding enzymes involved in degrading host tissues with five Christie–Atkins–Munch-Petersen 

(CAMP) factors acting as 2 nm membrane pore-forming toxins. The activation of these factors results in the initiation of 

inflammation. Other genes which are involved in metabolic reconstruction such as changing oxygen making P. acnes grow under 

aerobic and anaerobic environment. The rest of the genes encodes degradative enzymes that may use host-derived substances [24-

26].  

 

3. Role of P. acne in the pathogenesis of the disease 
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 The mechanisms involved in the pathogenesis of P. acnes have been proposed [27-28]. First, bacterial enzymes such as 

lipases, degrade and damage the host tissues and cells. Second, immunogenic factors of P. acnes such as heat shock proteins 

(HSPs) may trigger inflammation [29-30]. 

 The most three main factors which play important role in the pathogenesis of acne: (i) The stimulation of the sebaceous gland 

lead to increasing in the production of the sebum which occurs due to activated receptors including those for androgens, 

neuropeptides, insulin-like growth factor-I and peroxisome proliferator-activated receptors (PPAR), the expression of tumor 

necrosis factor (TNF), toll‐like receptors (TLRs), (ii) abnormal keratinization of the sebaceous duct and comedone formation, (iii) 

an inflammatory immune response in which P. acnes and the innate immunity play an important role. There are many other 

factors contribute to acne these include; irritation, cosmetics, and diet [1-4-31]. 

 The severity of acne is also correlated with an increased level of stress, hormone, and genetics. Some studies showed that 

hormonal changes during puberty contributed to acne vulgaris. The hormones linked to acne; androgen, testosterone, 

dehydroepiandrosterone, and dihydrotestosterone, as well as insulin-like growth factor 1. On the other hand, genetic studies linked 

a variety of genes such as polymorphisms in IL-1α, TNF-α, and CYP1A1 among first degree relatives, as well as twin studies [32-

33-34]. 

 

4. P. acnes associated with other diseases 

 Although P. acnes is generally considered harmless, there's proof that the bacterium has been considered a low virulence, yet 

it has been associated with many diseases these include, corneal ulcers; endocarditis; sarcoidosis; cholesterol gallstones; allergic 

alveolitis; pulmonary angiitis; and synovitis, acne, pustulosis, hyperostosis, and osteitis (SAPHO) syndrome [35-36].  

 Ishige et al [37] proved that P. acne DNA was detected in lymph nodes of Japanese individuals with sarcoidosis which is a 

granulomatous disease that results in the inflammation of lymph nodes, lungs, eyes, liver, and other tissues, while Stirling et al 

[38] showed that P. acnes was isolated from intervertebral disc material of patients who suffered from severe sciatica and they 

hypothesize that P. acnes is considered low virulent organisms and can gain access to the injured spinal disc and begin chronic 

inflammation. 

 

5. Resistance to antibiotic 

 Scientists have the long question whether P. acne is resistant to antibiotics according to some studies [39-40-41-42-43-44-45-

46-47-48-49-50-51]. 

The incidence of resistance has increased from 20% in 1978 to 62% in 1996. Strains of P. acnes developed resistance mostly to 

erythromycin, clindamycin, tetracycline, doxycycline, and trimethoprim. A study revealed that five out of twenty-two patients had 

resistance to high levels of clindamycin, whereas four of twenty-one patients high with erythromycin and demonstrated that 

strains of P. acnes with an extremely high minimum inhibitory concentration (MIC) to erythromycin, tetracycline, and 

clindamycin has emerged [52-53]. 

 In addition, another study evaluated the minimum inhibitory concentration (MIC) of P. acnes in seventy-five acne patients 

receiving long-term antibiotic therapy revealed the emergence of resistant strains. The mean of MIC value of tetracycline tested 

on thirty-three patients receiving long-term was four to five times higher than that in control free-acne groups not receiving 

antibiotic therapy. The study shows that patients with high acnes correlated to antibiotic-resistant strains [54]. Some of the reasons 

recorded with mutations in 16S and 23S identified in the UK and reported high‐level resistance to minocycline, tetracycline and 

other unidentified mutations [55-56-57]. 

 A recent study by sardana et al [58] showed the emerging of high antibiotic resistance strains that were isolated from patients 

receiving antibiotics. The antibiotics recorded were; azithromycin (100%) erythromycin (98%), clindamycin (90.4%). In contrast, 

minocycline was low resistance.  

 

 

6. CONCLUSION 

 

 Propionibacterium acnes is known as the main causative agent of acne and can form other infections such as inflammation of 

lymph nodes, lungs, eyes, liver, corneal ulcers; endocarditis; sarcoidosis; cholesterol gallstones; allergic alveolitis; pulmonary 

angiitis; and other tissues. Studies to date investigated the role of P. acnes in acne vulgaris, until now, the relationship between 

acne and the bacterium is still in the debate 
[2]

. 

 The emerging of antibiotic-resistant strains is becoming a challenge. New methods in regard to acne should aim to reduce the 

bacterium ability to initiate inflammation and retain the natural skin barrier with agents or treatments which do not cause bacterial 

resistance and to further regulate the production of sebum. 
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