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Preface

The aim of this book is to give readers a broad review of acne vulgaris and acneiform der‐
matoses, which may affect people from birth to death, and their treatment options.

This book has a total of 14 chapters - Introductory review chapter and 13 chapters created by
experts in different fields like dermatology, dermatosurgery, pathology, and ophthalmolo‐
gy. This book is organized to be read in sequence from chapter to chapter, or each can be
taken individually, as each chapter centers on different aspects of the content. In the first
part, there is a comprehensive introductory review chapter focusing on the terms “acne" and
“acneiform," one of which is a multifactorial disease of pilosebaceous unit and the other re‐
fers to dermatoses, which resemble acne vulgaris clinically but have different etiopathogen‐
esis. The second part includes the chapters entitled “Acne Vulgaris," “Pediatric Acne,"
“Occupational Acne," “Drug-Induced Acneiform Eruptions," “Acneiform Eruptions and
Pregnancy," “Acneiform Papulopustular Lesions in Patients with Behcet’s Disease," “The
Use of Topical Retinoids in Acne," “Treatment of Acneiform Eruptions, Acne, and Acne
Scars," “Histopathological Evaluation of Acneiform Eruptions," “Acne-Associated Syn‐
dromes," “Acne Conglobata," “Acne Rosacea," and “Ocular Rosacea." This book is easy to
read, and it includes illustrations, tables, patient photographs, and histopathological slides
to support the written text and to enhance the reader’s understanding.

We are grateful to all the contributors and leading experts for the submission of their won‐
derful work, which provides an in-depth view of all aspects of the content, backed with the
most current literature in the field. We offer our special thanks and appreciation to Ms. Ani‐
ta Pribanic and Ms. Romina Skomersic, Publishing Process Manager, for their encourage‐
ment and help in bringing out the book in the present form.

We express our heartfeltgratitude to magnificent Ataturk who said “Our true mentor in life
is science" .

Assoc. Prof. Dr. Selda Pelin Kartal
Ministry of Health Ankara Diskapi Yildirim Beyazit Education and Research Hospital

Dermatology Clinic,
Ankara, Turkey

Assoc. Prof. Dr. Muzeyyen Gonul
Ministry of Health Ankara Diskapi Yildirim Beyazit Education and Research Hospital

Dermatology Clinic,
Ankara, Turkey
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Introductory Chapter: Acne and Acneiform  
Dermatoses

Selda Pelin Kartal and Müzeyyen Gönül

Additional information is available at the end of the chapter

1. Introduction

1.1. The definition of ‘acne’ and ‘acneiform’

Acne vulgaris (AV) is a multifactorial disease of pilosebaceous unit and is a prototype of acne-
iform dermatoses. The term ‘acneiform’ refers to dermatoses which resemble acne vulgaris 
clinically but have different etiopathogenesis [1]. Acneiform dermatoses include a wide range 
of diseases which can occur in all age groups from infancy to elderly. They are so prevalent 
in all around the world that only AV rate has been reported to be 40–50 million/year in the 
USA and its prevalence has been estimated as 100% among adolescents in United Kingdom 
[2, 3]. Acneiform dermatoses have also important economic burden on governments due to 
high prevalence [2, 4].

2. Acne

AV lesions develop due to increased sebum production, follicular epidermal hyperprolif-
eration, inflammation and Propionibacterium acnes (P. acnes) colonization [5]. Formation of 
microcomedones was originally thought to be the first step in AV pathogenesis. However, 
recent studies supported that inflammation has a role at all stages of acne lesion develop-
ment, perhaps subclinically even before microcomedone formation. The immunochemical 
pathways underlying the initiation and extension of the inflammation in AV are not known 
completely but several inflammatory mediators including cytokines, defensins, peptidases, 
sebum lipids and neuropeptides may play role in complex pathogenesis of AV [6]. AV is 
clinically characterized by open and closed comedones, papules, pustules, nodules, cysts 
and scar formations [4, 7]. It primarily affects adolescents so it has negative psychosocial 
effects on this age group [8]. Also, there is a risk of postinflammatory hypo/hyperpigmenta-
tion and scar formation, so early treatment of AV is important. Topical (retinoids, benzoyl 
peroxide, antibiotics, salicylic acid, azelaic acid) and systemic (antibiotics, hormonal treat-
ment, isotretinoin) agents and surgical procedures can be used in the treatment of AV [4, 7]. 
In pregnant women, topical benzoyl peroxide and antibiotics (erythromycin, clindamycin) 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



can be preferred. When necessary, systemic antibiotics such as penicillins, erythromycin and 
clindamycin can be added. Due to the risk of teratogenicity, retinoids should not be used in 
pregnant women [9].

Although acne is mostly seen in adolescence period, it may be seen in pediatric age group. 
Neonatal acne is a temporary and benign acne variant characterized by millimetric inflam-
matory papules on cheeks and across the nasal bridge which appears usually during the neo-
natal period [10]. Increased sebum secretion due to stimulation of neonatal sebaceous glands 
with maternal hormones, and Malassezia furfur and Malassezia smpodialis colonization have 
been implicated in the etiopathogenesis of this disease [7, 10, 11]. Lesions usually resolve by 
3 months of age without any treatment [10]. Infantile acne usually begins between 3 and 6 
months of age. It results from hormonal imbalance in this age period. Clinically, comedones, 
papules, pustules and nodules may be present similar to adolescent acne. Although it has a 
tendency to heal spontaneously within 1 or 2 years, it should be treated due to the risk of scar 
formation [7, 10].

Severity of AV may change from mild to severe. Moreover, in acne fulminans (acute febrile 
ulcerative acne), which is the most severe acne form, systemic symptoms such as fever, 
arthralgia, myalgia, fatigue, hepatosplenomegaly and osteolytic bone lesions may accom-
pany to skin lesions that are characterized by suddenly appeared multiple, tender, inflamma-
tory nodular, suppurative lesions and ulcers with hemorrhagic crusts on the back and chest. 
Increased sedimentation rate, proteinuria, leukocytosis and anemia may also be seen. Acne 
conglobata is another severe nodulocystic acne form; however, in contrast to acne fulminans, 
it is not accompanied by any systemic symptoms. It is characterized by comedones, papules, 
pustules, nodules, abscesses and scars on the chest, back, buttocks, face, shoulders and thighs. 
Solid facial edema (Morbihan disease) is an important complication of acne characterized by 
woody enduration and erythema on midface and cheeks [7, 10].

Acne lesions sometimes may occur due to chronic friction, and this form is named as acne 
mechanica. It is characterized by comedones, which occur secondary to mechanic obstruction 
of pilosebaceous unit [7, 12]. Cosmetic acne is most commonly seen among young females 
and is associated with the application of cosmetics containing comedogenic substances. It 
is characterized by multiple comedones at the sites of cosmetic used [11, 12]. Excessive heat 
exposure may cause inflammatory nodulocystic acneiform lesions on body and arms and 
this entity is named as tropical acne [4, 7]. Acne aestivalis (Mallorca acne) is characterized by 
multiple papular lesions on cheeks, sides of the neck, chest, shoulders and upper arms that 
develop after sun exposure. UV radiation, especially UVA, is the responsible factor in the 
development of these lesions. Recurrences are common in successive years [1]. Radiation acne 
refers to eruption, consisting of multiple comedone-like papules on the sites that are previ-
ously exposed to ionized radiation for treatment. Acne excoriee des jeunes filles is an acne form 
that is mainly seen among young women and characterized by crusted, excoriated papules. It 
is generally accompanied by psychiatric disorders [4, 7].

Another form of acne, occupational acne, occurs as a result of occupational exposure to fol-
licular occlusive compounds such as chlorinated hydrocarbons, coal tar derivatives. It is char-
acterized by especially comedones on exposure sites, but inflammatory papules, pustules and 
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cysts may be seen. Chloracne is the main example of occupational acne. It is characterized by 
multiple cysts, papules and nodules on malar, retroauricular, mandibular, aksillar regions 
and scrotum [7, 12].

With an increasing frequency in recent years, drug-induced acne characterized by a mono-
morphic eruption composed of inflammatory papule and pustules which occurs after usage 
of certain drugs. The distribution of lesions may be similar to AV; on the contrary, the onset is 
mostly acute, lesions are predominantly inflammatory and monomorphic and comedones are 
usually absent [1]. Involvement of unusual localizations for AV (e.g. distal extremities), occur-
rence at an unusual age for AV, the history of exposure to one of the known causative drugs 
and regression of lesions after the cessation the offending agent are other clues for diagnoses 
[1, 13]. Steroid acne is the best known example of drug-induced acne. It may occur on chest 
and back as a result of systemic steroid usage or on face due to inappropriate or prolonged 
usage of topical steroids [7]. Anabolic steroids, fenitoin, lithium, vitamins, cyclosporine, iso-
niazid, azathioprine, iodides, bromides and epidermal growth factor receptor inhibitors are 
the other major drugs which are responsible from acneiform eruptions [1, 13]. Lesions regress 
after the cessation of responsible agent [1].

Acne lesions are mostly seen in isolated manner however may develop as a component of 
some syndromes. SAPHO syndrome is characterized by any combination of synovitis, acne, 
pustulosis, hyperostosis and osteitis. Characteristic skin lesions in SAPHO syndrome include 
acne fulminans, hidradenitis suppurativa and palmoplantar pustulosis [7, 14]. PAPA syn-
drome is an autosomal dominantly inherited, autoinflammatory disorder characterized by 
pyogenic arthritis, pyoderma gangrenosum and acne, which is usually in severe nodulocystic 
type. Apert syndrome (acrocephalosyndactyly type I) is an autosomal dominant congeni-
tal disorder characterized by craniofacial deformities, dental abnormalities, syndactyly and 
hypertelorism. Early onset, widespread, severe, comedonal and inflammatory acne involv-
ing the face, chest, back and unusual sites like forearms is a common clinical feature of this 
syndrome [14]. AV is also seen more frequently in patients with polycystic ovary syndrome 
(PCOS) due to hormonal disturbances. HAIR-AN syndrome, a subset of PCOS, is character-
ized by hyperandrogenism, acne, insulin resistance and acanthosis nigricans [7, 14].

3. Acneifom dermatoses

The characteristic papulopustular lesions of Behcet disease are indistinguishable from AV 
clinically, but arms and legs involved preferentially in contrast to AV [14]. Histologically vas-
culitis might be seen [15]. It was reported that these lesions are usually observed in combina-
tion with arthritis [14].

Rosacea is a multifactorial disorder presented with acneiform lesions. It generally affects 
individuals with fair skin and older age compared to AV. There is a female predilection, but 
phymatous type occurs mostly in men. Vascular hyperreactivity and P. acnes and Demodex 
folliculorum colonization have been proposed in the etiopathogenesis. Food and drugs that 
can cause vasodilatation and thermal stimulation may precipitate rosacea development. It 
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is clinically characterized by erythema, papule, pustule and telangiectasias with subjective 
symptoms such as burning and stinging. Four main clinical subtypes have been described, 
namely erythematotelangiectatic, papulopustular, phymatous and ocular. In addition to 
them, there are other rosacea types such as, granulomatous rosacea, periorificial dermati-
tis and pyoderma faciale. Typically, it starts as a transient erythema attacks (flushing) on 
cheeks and nose. Erythema becomes permanent with time and telangiectasias occur. After 
that, millimetric papules, pustules, plaques and nodules with varying severities may occur. 
Granulomatous rosacea is a variant of rosacea characterized by red-brown papules which 
show granulomatous inflammation histopathologically. In phymatous type rosacea, follicular 
orifices become prominent, nodularities and irregularities occur on the thickened skin due 
to sebaceous hyperplasia. These phymatous changes most often develop on the nose (rhino-
phyma), but may also occur on chin (gnatophyma), ear (otophyma), forehead (metophyma) 
and eyelids (blepharophyma). Ocular symptoms such as burning, stinging, dryness, tearing, 
blepharitis and corneal damage may be present in the nearly half of the patients indepen-
dently severity of cutaneous signs (Ocular rosacea) [12, 16–18].

Perioral and periorbital dermatitis is characterized by discrete, erythematous papules, plaques 
and pustules on erythematous base around mouth and eye, which characteristically spare the 
vermillion border. Although the relationship with rosacea is not clear, it has similar histo-
pathological findings. Also, it responses to similar treatments. Pyoderma faciale is another 
entity that resembles rosacea histopathologically and responds similar treatment modalities. 
This disease is characterized by inflammatory papules, pustules and plaques on the midface. 
Systemic symptoms, such as fever, myalgia and laboratory findings (increased sedimentation 
rate and white blood cell count) may accompany with cutaneous symptoms in these patients. 
Inappropriate or long-term steroid usage may also cause rosacea formation or exacerbation 
(Steroid rosacea) [17, 18].

Usage of sun protection and avoidance from the factors that cause vasodilatation and irrita-
tion should be recommended to rosacea patients. Topical (metronidazole, sodium sulfaceta-
mide, azelaic acid, tretioin) and systemic (antibiotics and retinoic acid) agents can be used in 
the treatment. Vascular lasers and intense pulsed light therapy can be used in the treatment 
of telangiectasias. Electrosurgery and carbon dioxide laser are the treatment options for the 
rhinophyma [19].

Demodicosis is a disease of the pilosebaceous unit associated with human Demodex mites 
(D. folliculorum and Demodex brevis). Demodex mites can be found in normal adult skin 
with a density of less than 5 mites per cm2. Demodicosis may occur if the density of these 
mite increases due to the defect in host immune mechanism, in association with systemic 
disease or immunosuppressive drug usage (topical corticosteroids, topical calcineurin 
inhibitors). There are different clinical manifestations of demodicosis that can mimic 
many other skin disorders, such as rosacea, perioral dermatitis and folliculitis. Spinulate 
demodicosis (pityriasis folliculorum) characterized by facial erythema with follicular 
plugs, scaling and sandpaper-like appearance. There is a pronounced inflammation in 
papulopustular/nodulocystic demodicosis (rosacea-like demodicosis), and it is most com-
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demodicosis (pityriasis folliculorum) characterized by facial erythema with follicular 
plugs, scaling and sandpaper-like appearance. There is a pronounced inflammation in 
papulopustular/nodulocystic demodicosis (rosacea-like demodicosis), and it is most com-
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monly affects perioral and periorbital areas. Ocular and auricular types of demodicosis 
were also described [12, 20].

4. Conclusion

Acne and acneiform eruptions are frequent disorders in dermatology practice and the sever-
ity of diseases may change from self-limiting, benign condition to fulminant systemic dis-
ease. Etiopathogenesis of them are different. They may be seen as isolated or as a component 
of any syndrome. So, differential diagnoses of these diseases are important. Patient’s age, 
occupation, cosmetic usage, drug history, concomitant diseases, menstrual cycle irregulari-
ties and morphology and localization of lesions are important clues for diagnoses. To make 
an accurate diagnoses, detailed history, physical examination and, if necessary, histopatho-
logical examinations are essential. In this book, acne vulgaris and acneiform eruptions will be 
discussed in detail.
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Abstract

Acne vulgaris is a multifactorial disorder of the pilosebaceous unit. The clinical picture 
can range from mild comedones to fulminant, scarring cases. Approximately 83–100% of 
all adolescents experience acne vulgaris at some point of their lives. Although acne often 
tends to resolve following the adolescent period, many men and women continue to suf-
fer from either active acne or postinflammatory scars into their twenties and thirties. Most 
patients with acne vulgaris are in the complicated adolescence period and thus carry 
a distinctive psychosocial burden. They possess a disease stigma on their skin for the 
external world to criticize every day. For all these reasons, acne is a disease which should 
be treated promptly and efficiently in all age groups. This chapter will provide a com-
prehensive and up-to-date review of pathophysiology of acne vulgaris, new molecular 
mechanisms on the evolving acne lesions, epidemiology of the disease, and latest treat-
ment options. The molecular biology of acne lesions, novel treatment options including 
cosmetic approaches, their role in acne pathogenesis, pathophysiology, and mechanism 
of actions of the drugs, safety, and efficacy issues, and various treatment regimens will 
be discussed along with novel discoveries and areas in which further research is needed.

Keywords: acne vulgaris, acne vulgaris pathophysiology, treatment of acne vulgaris, 
systemic treatment of acne vulgaris

1. Introduction

Acne vulgaris is a disease of the pilosebaceous unit. The disorder has a very broad spectrum 
of clinical picture, from mild comedones to deep inflamed nodules with systemic findings. 
Acne vulgaris is mainly observed during the adolescent period. Although all age groups may 
be affected, being primarily a disorder of adolescence, it has a big psychosocial effect leading 
to low self-esteem, social isolation, and major depression [1].

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. History

The source of the word acne is controversial. It may be derived from the Greek achne, a word 
meaning efflorescence, or the Greek acme (Latin acme), which implies a summit or peak. 
Others have pointed to a hieroglyphic for the word AKU-T as the first written record refer-
ring to acne, a symbol interpreted to mean “boils,” “pustules,” or “a painful swelling” [2]. In 
the sixth century AD, the term “acne” was first used by the Emperor Justinian’s physician, 
Aetius Amidenus [3]. Its use became obsolete by the 1800s, when “acne” regained a place in 
medical dictionaries. In 1842, Erasmus Wilson separated acne simplex (acne vulgaris) from 
acne rosacea [4].

3. Epidemiology

Between 30 and 50% of adolescents experience psychological difficulties associated with acne, 
including body image concerns, embarrassment, social impairment, anxiety, frustration, 
anger, depression, and poor self-esteem [5]. The prevalence of body dysmorphic disorder 
among acne patients has been measured to be as high as 21% in some office settings [6], and 
these patients are more likely to report dissatisfaction with dermatologic treatment, attempt 
suicide, and threaten health-care providers both legally and physically [7, 8].

Acne vulgaris affects approximately 40–50 million individuals each year in the USA, with an 
estimated cost of $2.5 billion annually. The disease affects approximately 85% of young people 
between 12 and 24 years of age and often tends to continue into the adulthood. In a survey-
based study, 35% of women and 20% of men reported having acne in their thirties, while 26% 
of women and 12% of men were still affected in their forties [9]. Males of Caucasian origin 
have a tendency to have more severe nodulocystic disease than other groups. Individuals 
with XYY karyotype or endocrine disorders such as polycystic ovarian syndrome, hyperan-
drogenism, hypercortisolism, and precocious puberty are at increased risk for acne develop-
ment, with a more resistant clinical course.

4. Pathogenesis

The development of acne involves a complex interaction of multiple factors within the pilo-
sebaceous gland. Understanding the anatomy and physiology of this unique structure is vital 
to understanding the pathogenesis of acne and important for formulating effective treatment 
regimens.

Acne vulgaris is a disease of pilosebaceous units. Major hypotheses on its pathophysiology 
include the following [10, 11]:

1. Altered follicular keratinization (hyperkeratinization) of the pilosebaceous unit [12]

2. Propionibacterium acnes (P. acnes) follicular colonization and activity [13]

3. Hormonal influence [14, 15]
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4. Sebum production [16]

5. Release of inflammatory mediators [13, 17]

4.1. Genetic factors

The pathogenesis of acne is multifactorial, and the precise role of genetic predisposition is 
uncertain. The number, size, and activity of sebaceous glands are inherited. In addition, the 
concordance rate for the prevalence and severity of acne among identical twins is very high. 
Variable studies have shown strong association between moderate to severe acne and family 
history [18]. However, because of the high prevalence of acne, it is difficult to attribute its 
presence only to genetic factors.

4.2. Sebum production

The sebaceous gland is controlled primarily by hormonal stimulation. After the first 6 months 
of life (when sebum production is relatively high), the rate decreases and remains stable 
throughout childhood. At adrenarche, sebum production dramatically increases. Although 
the overall composition of sebum is the same in persons with or without acne, those with acne 
have variable seborrhea [19].

The sebaceous glands exude lipids by disintegration of entire cells, a process known as holo-
crine secretion. The life span of a sebocyte from cell division to holocrine secretion is approxi-
mately 21–25 days [20]. Human sebum, as it leaves the sebaceous gland, contains squalene, 
cholesterol, cholesterol esters, wax esters, and triglycerides. During passage of sebum through 
the hair canal, bacterial lipases from P. acnes hydrolyze some of the triglycerides, so that the 
lipid mixture reaching the skin surface contains free fatty acids (FFA) and small proportions of 
mono- and diglycerides in addition to the original components. The precise function of sebum 
in humans is unknown. Cunliffe and Shuster proposed that sebum’s solitary role is to cause 
acne [21]. Another theory suggests that sebum reduces water loss from the skin’s surface and 
functions to keep skin soft and smooth. The sebaceous gland-deficient mouse (Asebia) model 
provides evidence that glycerol derived from triglyceride hydrolysis in sebum is critical for 
maintaining stratum corneum hydration [22], but there is no evidence for this in humans as 
stratum corneum hydration is normal during periods, such as, childhood when the gland is 
quiescent. Similarly, vitamin E delivery to the upper layers of the skin protects the skin and 
its surface lipids from oxidation; thus, sebum flow to the surface of the skin may provide the 
transit mechanism necessary for vitamin E to function [23]. Recent evidence suggests that 
sebaceous glands and sebum play a role in the skin’s innate immunity. Sebum is known to 
have mild antibacterial action, presumably due to the presence of immunoglobulin A [24]. 
Recent studies show that FFA in human sebum is bactericidal against Gram-positive organ-
isms as a result of its ability to increase antimicrobial peptide, b-defensin 2 (HBD2) expression 
[25]. Additional antimicrobial peptides including cathelicidin, psoriasin, b-defensin 1, and 
b-defensin 2 are expressed within the sebaceous gland. Functional cathelicidin peptides have 
direct antimicrobial activity against P. acnes but also initiate cytokine production and inflam-
mation in the host organism [26, 27]. Innate immune Toll-like receptors 2 and 4 (TLR2, TLR4) 
and CD1d and CD14 molecules are also expressed in sebaceous glands [28]. All these findings 
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provide evidence that the sebaceous gland may play an important role in pathogen recogni-
tion and protection of the skin surface.

The exact mechanisms underlying the regulation of human sebum production are not fully 
defined. Results from a variety of experimental models clearly indicate that sebaceous glands 
are regulated by androgens and retinoids. Recent evidence suggests that peroxisome pro-
liferator activated receptors, melanocortins, corticotropin-releasing hormone, and fibroblast 
growth factor receptors play a role as well.

The role of sebum in the pathogenesis of acne is closely associated with the activity of P. 
acnes. The microenvironment within the sebaceous gland is anaerobic and favors the survival 
of P. acnes bacteria over others (i.e., Staphylococcus epidermidis). The P. acnes bacterium relies 
on sebaceous lipids as a nutrient source and breaks down triglycerides into FFA, which can 
be irritating and contribute to the inflammatory response [29, 30]. Furthermore, it is demon-
strated that P. acnes is capable of stimulating the production of both proinflammatory cyto-
kines/chemokines and antimicrobial peptides from keratinocytes and cultured sebocytes, 
indicating that keratinocytes and sebocytes themselves may play a role in the inflammatory 
aspects of acne [31, 32].

4.3. Comedo formation

First step of acne production is the formation of microcomedo, which begins in the infun-
dibulum, the keratinized lining of the upper portion of the follicle. The corneocytes are nor-
mally shed into the lumen of the follicle and extruded through the follicular ostium. When 
they are retained and accumulated, this leads to hyperkeratosis. Lamellar granules, cell 
membranes, epidermal lipids, and intercellular cementing substances all play a role in the 
increased adhesiveness of these cells. In addition to increased intercellular cohesiveness of 
the corneocytes, their production is also accelerated. In the proximal portion of the infundib-
ulum, the infrainfundibulum, combination of increased cellular cohesion, and proliferation 
creates a bottleneck phenomenon and subsequent microcomedo formation. In the underly-
ing follicular epithelium, keratohyaline granules are increased in size and number, whereas 
lamellar granules and tonofilaments are decreased. As the comedo expands, the sebaceous 
lobule undergoes regression. Because of the very narrow opening to the skin surface, there is 
initially an accumulation of loosely packed shed keratinocytes and sebum. With expansion of 
the comedo, the contents become closely packed, creating whorled lamellar concretions. With 
increased pressure, rupture of the comedo wall leads to extrusion of the immunogenic keratin 
and sebum, with resultant inflammation.

4.4. Inflammatory responses

Inflammation is not always a result of comedo rupture and can also be observed in early 
acne lesions. Prior to hyperkeratinization, the number of CD4+ T cells and levels of inter-
leukin-1 (IL-1) have been shown to be increased perifollicularly, especially in acne-prone 
sites [33]. If neutrophils predominate (typical of early lesions) in the lesion, a suppurative 
pustule is formed. Neutrophils also promote the inflammatory response by releasing lyso-
somal enzymes and generating reactive oxygen species, which directly correspond with acne 
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 severity [34]. Influx of lymphocytes (predominately T-helper cells) and foreign body-type 
giant cells, together with neutrophils result in inflamed papules, nodules, and cysts. Genetics 
are likely to play a role as not all patients with inflammatory acne will scar and patients often 
report that their parents also have severe scarring from acne in their youths. Data suggest 
that the likelihood of scarring is associated with the type of inflammatory response. Early, 
nonspecific inflammation results in less scarring whereas delayed and specific inflammatory 
response lead to permanent scar tissue [35]. Holland et al. observed that in inflammatory 
lesions from patients who have less scarring, there is a brisk inflammatory cellular infiltrate 
composed of T-helper lymphocytes, macrophages, and Langerhans cells, with accompanying 
angiogenesis that quickly resolves compared with patients who are prone to scarring, where 
the inflammation and angiogenesis start slowly but is maintained over a longer period. It 
is speculated that the prolonged inflammatory response in patients prone to scarring is a 
delayed-type hypersensitivity reaction to persistent antigenic stimulus that they were initially 
unable to eliminate [36]. As there is no tool to predict who will develop this delayed-type reac-
tion, treating early inflammation is the best approach to prevent acne scarring.

4.5. Propionibacterium acnes and the innate immune system

These Gram-positive, non-motile rods which contributes significantly to the pathogenesis of 
acne are found deep within the sebaceous follicle, along with Propionibacterium granulosum 
and, rarely, Propionibacterium parvum. They are anaerobic/microaerophilic and naturally pro-
duce porphyrins (primarily coproporphyrin III) that fluoresce with Wood’s lamp illumina-
tion. These microorganisms release enzymes contributing to comedo rupture, lipases and 
chemotactic factors, and stimulate host response by inflammatory cells and keratinocytes 
leading to production of proinflammatory mediators and reactive oxygen species. In acne 
patients, the number of P. acnes cases is increased, but their numbers do not correlate with 
clinical severity [37]. Different strains of P. acnes have been shown to induce varying degrees 
of sebocyte differentiation and proinflammatory cytokine/chemokine responses [32].

Interactions between the skin’s innate immune system and P. acnes play an important role 
in acne pathogenesis. One mechanism is via Toll-like receptors (TLRs), a class of transmem-
brane receptors that mediates the recognition of microbial pathogens by immune cells such as 
monocytes, macrophages, and neutrophils as well as by keratinocytes. TLR2 is found on the 
surface of macrophages surrounding acne follicles, and P. acnes has been found to increase 
expression of TLR2 and TLR4 on keratinocytes. P. acnes has been shown to stimulate the 
release of proinflammatory mediators (e.g. IL-1α, IL-8, IL-12, tumor necrosis factor-α [TNF-α], 
matrix metalloproteinases) through the TLR2 pathway [38–40]. IL-8 results in neutrophil 
recruitment, the release of lysosomal enzymes and subsequent disruption of the follicular 
epithelium, whereas IL-12 promotes Th1 responses. The degree to which IL-8, IL-12, and 
interferon-γ production is augmented does not appear to depend upon the strain of P. acnes 
that is present [40, 41]. In contrast, certain strains of P. acnes may have an increased propen-
sity, to upregulate expression of human β-defensin-2 by the pilosebaceous unit via a TLR-
dependent mechanism [42]. Beta-defensin-2 cathelicidins and other antimicrobial peptides 
such as psoriasin work synergistically to protect the pilosebaceous unit from P. acnes [26, 43]. 
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and may function together with free fatty acids to augment innate immune defenses [44]. 
Lastly, P. acnes can induce monocytes to differentiate into two distinct innate immune cell 
subsets: (1) CD209+ macrophages (development of which is promoted by tretinoin) that more 
effectively phagocytose and kill P. acnes and (2) CD1b+ dendritic cells that activate T cells and 
release proinflammatory cytokines [45].

All these new findings about the role of innate immunity on acne formation build upon tradi-
tionally known pathogenetic factors can be summed up as follows;

1. Inflammatory events mediated by interleukin-1 precede hyperkeratinization

2. P. acnes activates the innate immune system via Toll-like receptors

3. P. acnes induces matrix metalloproteinase and antimicrobial peptide production

4. Sebaceous gland lipids influence the innate immune system.

4.6. Hormonal influences

Sebum secretion is under direct influence of hormonal factors. Androgens are pro-
duced primarily from the gonads and adrenal glands but also locally via the enzymes of 
3β-hydroxysteroid dehydrogenase (HSD), 17β-HSD and 5α-reductase. Androgen receptors, 
found in the cells of the basal layer of the sebaceous gland and the outer root sheath of the 
hair follicle, are responsive to testosterone and 5α-dihydrotestosterone (DHT). DHT is the 
principal androgen mediating sebum production and has a 5–10-fold greater affinity than 
testosterone for the androgen receptor. The role of androgens in sebaceous gland activity 
begins during the neonatal period. With the onset of adrenarche (typically at 7–8 years of age, 
usually heralding menarche by several years), circulating levels of DHEAS begin to rise due 
to adrenal production. This hormone can serve as a precursor for the synthesis of more potent 
androgens within the sebaceous gland. The rise in serum levels of DHEAS in prepubescent 
children is associated with an increase in sebum production and the initial development of 
comedonal acne [46]. The exact mechanism of how estrogens modulate sebum production 
is not known. Any estrogen given systemically in sufficient amounts will decrease sebum 
production. However, the dose of estrogen required to suppress sebum production is greater 
than the dose required to suppress ovulation. Although acne may respond to treatment with 
lower-dose oral contraceptives containing 0.035–0.050 mg of ethinyl estradiol or its esters, 
higher doses of estrogen are often required to demonstrate a reduction in sebum secretion 
[47]. Estrogens may inhibit the effects of androgens locally within the sebaceous gland or via 
a negative feedback loop whereby pituitary gonadotropin release is inhibited.

4.7. Dietary factors

It has long been posited that diet has no impact on acne, but recent clinical trials have sug-
gested that a relationship does indeed exist. The relationship between diet and acne has always 
been controversial. The association between glycemic load and acne is especially convincing. 
Prospective studies have documented a link between a high glycemic-load diet and acne risk 
[48]. Further clinical trials among a wider patient base could better define recommendations 
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for modifying carbohydrate intake, but until then, it is appropriate for dermatologists to rec-
ommend a lower glycemic load diet among patients with acne.

Although the link between dairy and acne is less convincing than high glycemic load diet, 
a recent case control study showed a positive association between low-fat/skim milk con-
sumption and acne [49]. The exact mechanism by which dairy may impact acne, whether it is 
via a hormonal pathway or upregulated IGF-1, remains to be further clarified. If physicians 
choose to counsel their patients that dairy consumption may indeed exacerbate their acne, it 
is reasonable to simultaneously advise patients to supplement their diets with vitamin D and 
calcium. The role of o-3 fatty acids, antioxidants, zinc, vitamin A, and iodine in acne vulgaris 
remains to be elucidated. Given the level of evidence available if a particular patient notes 
an association between a certain dietary factor and acne severity, it is best to support that 
patient’s dietary supplementation or restriction and to encourage the patient to keep a food 
diary to test his or her hypothesis.

5. Clinical features

Acne is mostly observed on the facial area and upper trunk, areas with increased number of 
sebaceous glands (Figure 1). Comedones constitute non-inflammatory lesions of acne.

Figure 1. Acne lesions and scars are seen on the back of the patients.
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Closed comedones are small skin-colored papules with no apparent follicular opening. These 
lesions may be subtle and best diagnosed via palpation, stretching or side-lighting of the 
skin. Open comedones, on the other hand, mostly referred as blackheads, are dome-shaped 
papules with dilated follicular openings filled shed keratin. Black coloration is due to mela-
nin deposition and lipid oxidation within the debris. Inflammatory acne also originates with 
comedo formation, followed by the development of papules, pustules, nodules, and cysts 
(Figure 2).

Erythematous papules typically range from 1 to 5 mm in diameter. Pustules tend to be 
approximately equal in size and are filled with white pus and normal flora. As the severity 
of lesions progresses, nodules form and become markedly inflamed, indurated, and tender. 

Figure 2. Marked papules, pustules, and comedones are noticed.
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The cysts of acne are deeper and filled with a combination of pus and serosanguineous fluid. 
In patients with severe nodulocystic acne (Figure 3), these lesions frequently coalesce to form 
large, complex inflamed plaques that can include sinus tracts.

Early treatment of acne is essential for the prevention of lasting cosmetic disfigurement due to 
scarring. Erythema and postinflammatory hyperpigmentation often persist after resolution of 

Figure 3. Severe nodules and cysts on the face.
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inflammatory acne lesions. Pigmentary changes usually fade away in months whereas pitted 
or hypertrophic scars are often permanent.

5.1. Acne variants

5.1.1. Postadolescent acne

This form of acne mostly affects women older than 25 years of age with signs of hyperan-
drogenism and increases in severity prior to menstruation. The lesions consist of tender, 
deep-seated papulonodules on the lower third of the face, jawline, and neck [50]. Hormonal 
therapy is often effective regardless of androgen levels.

5.1.2. Acne fulminans

It is the most severe form of acne and is characterized by nodular and suppurative acne 
lesions with systemic manifestations. It primarily affects adolescent boys who typically have 
mild to moderate acne prior to the onset of acne fulminans. Numerous microcomedones 
suddenly erupt and become markedly inflamed. Most commonly affected areas are the face, 
neck, chest, back, and arms. Lesions tend to ulcerate and can lead to significant scarring. 
Osteolytic bone lesions may accompany the cutaneous findings; the clavicle and sternum are 
most commonly affected, followed by the ankles, humerus, and iliosacral joints. Systemic 
manifestations include fever, arthralgias, myalgias, hepatosplenomegaly, and severe malaise. 
The related synovitis, acne, pustulosis, hyperostosis and osteitis can be seen and is defined as 
SAPHO syndrome. Erythema nodosum may also arise in association with acne fulminans. An 
elevated ESR, proteinuria, leukocytosis, and anemia mostly accompanies and may be related 
with the clinical course and response to therapy.

Treatment of acne fulminans usually includes initial oral corticosteroid treatment, followed 
by systemic isotretinoin, after the acute inflammation subsides. During the first few weeks of 
isotretinoin therapy, acne fulminans-like flares can be observed [51]. Oral antibiotics, TNF-α 
inhibitors, and immunosuppressive agents (e.g. azathioprine) can also be used. Acne fulmi-
nans associated with erythema nodosum responds well to dapsone therapy [52].

5.1.3. Acne conglobata and associated conditions

Acne conglobata is also a severe form of nodulocystic acne that may have a sudden onset 
but without systemic manifestations. The nodules are usually found on the chest, shoulders, 
back, buttocks, upper arms, thighs, and face (Figure 4). It is a part of the follicular occlu-
sion tetrad, along with dissecting cellulitis of the scalp, hidradenitis suppurativa, and pilo-
nidal cysts. The association of sterile pyogenic arthritis, pyoderma gangrenosum, and acne 
conglobata can occur in the context of an autosomal dominant autoinflammatory disorder 
referred to as PAPA syndrome [53]. This syndrome is caused by mutations in the gene that 
encodes proline–serine–threonine phosphatase interacting protein 1 (PSTPIP1) which leads to 
the disruption of the physiologic signaling required for maintenance of a proper inflamma-
tory response [53].
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5.1.4. Solid facial edema

An unusual and disfiguring complication of acne vulgaris is solid facial edema (Morbihan’s dis-
ease). Clinically, there is a distortion of the midline face and cheeks due to soft tissue swelling 
and accompanying erythema. Due to chronic inflammation and mast cell activation, lymphatic 
drainage is impaired resulting in fibrosis. Similar changes have been described in patients with 
rosacea and Melkersson-Rosenthal syndrome. The degree of the edema may change but solid 
facial edema does not usually resolve spontaneously. Treatment options include systemic 
isotretinoin alone or together with ketotifen or systemic corticosteroids [54, 55].

Figure 4. A closer view of draining sinuses and nodules on the lower extremity.

Acne Vulgaris
http://dx.doi.org/10.5772/65639

17



5.1.5. Acne mechanica

This form occurs secondary to repeated mechanical and frictional trauma causing obstruc-
tion of the pilosebaceous outlet. Rubbing by helmets, chin straps, suspenders or collars can 
be responsible for acne mechanica. Linear and geometrically distributed comedones are 
characteristic.

5.1.6. Acne excoriée des jeunes filles

Typical comedones and inflammatory papules are systematically excoriated, leaving crusted 
and linear erosions (Figure 5). An underlying psychiatric component should be considered. 

Figure 5. Excoriated inflammatory lesions are seen.
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Individuals with an anxiety disorder, obsessive–compulsive disorder or personality disorder 
are particularly at risk.

5.1.7. Drug-induced acne

Acne or eruptive acneiform lesions can be seen as a side effect of certain drugs. Characteristically 
abrupt, mono morphous eruption of inflammatory papules and pustules are observed. High-
dose intravenous or oral corticosteroids commonly induce characteristic acneiform eruptions 
with a concentration of lesions on the chest and back. Steroid-induced acne (and rosacea) can 
also result from the inappropriate use of topical corticosteroids on the face. Inflamed papules 
and pustules develop on a background of erythema that favors the distribution of corticoste-
roid application. Lesions eventually resolve following discontinuation of the corticosteroid, 
although “steroid dependency” can lead to prolonged and severe flares postwithdrawal.

5.1.8. Occupational acne, acne cosmetica

Occupational acne results from exposure to insoluble, follicle-occluding substances. Cutting 
oils, petroleum-based products, chlorinated aromatic hydrocarbons, and coal tar derivatives 
can be responsible. Comedones together with papules, pustules, and cystic lesions distributed 
in exposed as well as typically covered areas. Acne cosmetica is mostly seen as closed comedo-
nes, due to chronic occlusion of follicles with the use of cosmetics.

5.1.9. Chloracne

It is caused several weeks after the exposure to chlorinated aromatic hydrocarbons. Most com-
monly affected areas are the malar, retroauricular, and mandibular regions of the head and 
neck, axillae, and scrotum. Small cystic papules and nodules are seen and healing with scar 
tissue formation is not uncommon. The following agents, found in electrical conductors and 
insulators, insecticides, fungicides, herbicides, and wood preservatives, have all been impli-
cated: polychlorinated naphthalenes, biphenyls, dibenzofurans, and dibenzodioxins; polybro-
minated naphthalenes and biphenyls; tetrachloroazobenzene; and tetrachloroazoxybenzene.

5.1.10. Neonatal acne (neonatal cephalic pustulosis)

Neonatal acne can be observed in more than 20% of healthy newborns. Lesions usually start 
appearing 2 weeks after birth and generally resolve within the first 3 months of life. Small, 
inflamed papulopustules without comedones on the cheeks and nasal bridge are typical for 
neonatal acne. The disease responds well to topical imidazoles, and this also supports the 
inflammatory response to Malassezia spp. as a pathogenetic mechanism. The active sebaceous 
glands and high sebum excretion rate in neonates are also thought to play a role. The substan-
tial decline in sebum production after the first few months of life helps to explain the limited 
period of susceptibility to neonatal acne.

5.1.11. Infantile acne

Infantile acne occurs after 3 months of age and usually persists until the end of first year. In 
contrast to neonatal acne, comedo formation is prominent and pitted scarring can develop.
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Deep cystic lesions and suppurative nodules are occasionally seen. Androgen production due 
to elevated levels of LH stimulating testicular production of testosterone in boys and elevated 
levels of DHEA produced by the infantile adrenal gland in both boys and girls is responsible 
from acne formation. These androgen levels normally decrease substantially by 12 months of 
age and remain at low levels until adrenarche. Thus infantile acne typically resolves within 
1–2 years and remains quiescent until around puberty. Topical retinoids (e.g., tretinoin, ada-
palene) and benzoyl peroxide are first-line treatments for infantile acne. Oral antibiotics (e.g. 
erythromycin, azithromycin) can be helpful for patients with a more severe inflammatory 
component, and isotretinoin is occasionally required for recalcitrant cases [56].

5.1.12. Endocrinologic abnormalities

Hyperandrogenism should be suspected in female patients with hirsutism or irregular 
menstrual periods, as well as in children who develop acne between 2 and 7 years of age. 
Hyperandrogenism-originated acne is often severe and resistant to therapy. Other signs and 
symptoms of hyperandrogenism in women and children include coarsening of the voice, a 
muscular habitus, androgenetic alopecia, clitoromegaly with variable posterior labial fusion, 
and increased libido. Insulin resistance and acanthosis nigricans can occur in association with 
hyperandrogenism in the HAIR-AN syndrome. These patients are at increased risk for accel-
erated cardiovascular disease and diabetes mellitus. Initial laboratory tests of serum levels 
of total and free testosterone, DHEAS, and 17-hydroxyprogesterone can give an idea about 
the source of excess androgens. An elevated serum DHEAS or 17-hydroxyprogesterone level 
indicates an adrenal problem such as congenital adrenal hyperplasia or an adrenal tumor. If 
the testosterone levels (total and free) are elevated and the DHEAS level is relatively normal, 
an ovarian source is likely. Polycystic ovary syndrome (PCOS) is the most common condition 
associated with an elevated serum testosterone level.

6. Pathology

Histopathologic stages of acne lesions show a parallel course with the clinical findings. In 
early lesions, microcomedones are seen. A mildly distended follicle with a narrowed follicu-
lar opening is impacted by shed keratinocytes. In closed comedones, the degree of follicular 
distension is increased and a compact cystic structure with eosinophilic keratinaceous debris, 
hair, and numerous bacteria is formed. Open comedones have broad, expanded follicular 
ostia and overall an increased follicular distension. Perivascular mononuclear cell infiltrate 
circles the expanding follicle. As the follicular epithelium distends, highly immunogenic cys-
tic contents rupture into the dermis, inducing a marked inflammatory response. Neutrophils 
first appear, creating a pustule. As the lesion matures, scarring due to foreign body granulo-
matous inflammation can be seen.

7. Differential diagnosis

Differential diagnosis of acneiform eruptions is broad and depends upon the age of onset, 
lesional morphology, and location. During the neonatal period, acne must be  differentiated 
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from other similar dermatoses including sebaceous hyperplasia and miliaria rubra. 
Predominantly comedonal acne vulgaris needs to be differentiated from comedonal erup-
tions caused by follicular occlusion or friction, including pomade and occupational acne, 
acne cosmetica and acne mechanica. Multiple open comedones are clustered in the lateral 
malar region in Favre-Racouchot disease or appear in a linear array in nevus comedonicus. 
Angiofibromas and appendageal tumors of follicular origin like trichoepitheliomas, trichodis-
comas, and fibrofolliculomas, often present as multiple noninflammatory facial papules. 
Steatocystoma multiplex is also characterized by noninflammatory, closed cystic papules and 
nodules on the central chest and back. The follicle-based inflammatory papules and pustules 
of acne vulgaris must be distinguished from the many forms of folliculitis, including staphy-
lococcal, Gram-negative, and eosinophilic variants. Folliculitis lesions are typically mono-
morphous and comedones are not present. Acne vulgaris treated with oral antibiotics for a 
prolonged period can complicate with Gram-negative folliculitis. The papular component of 
rosacea favors the malar region, chin, and forehead; the presence of telangiectasias, absence 
of comedones and a history of easy flushing can lead to diagnosis. Prolonged use of topical 
corticosteroids on the face may lead to rosacea-like lesions or perioral/periorificial dermatitis, 
and patients treated with oral corticosteroids can develop an eruption of monomorphous 
papulopustules that favors the trunk.

8. Treatment

Acne can have devastating physical as well as emotional effects and the treatment course of 
acne vulgaris requires a high degree of compliance. Thus it is critical that the patient be made 
aware of the nature of the disease process and what is to be expected from the treatment 
regimen prescribed. A complete history and physical examination are key to developing an 
appropriate and effective treatment plan. A review of all prescription and over-the counter 
medications used for acne or other conditions, and clinical responsiveness to them, together 
with cosmetics, sunscreens, cleansers, and moisturizers is also helpful. In female patients, a 
menstrual and oral contraceptive history is important in determining hormonal influences on 
acne. On physical examination, careful note should be taken of lesion morphology, includ-
ing the presence of comedones, inflammatory lesions, nodules, and cysts. Secondary changes 
such as scarring and postinflammatory pigmentary changes are also important clinical find-
ings. The patient’s skin color and type can also influence the chosen formulation of a topical 
medication.

8.1. Topical treatments

8.1.1. Topical retinoids

Topical retinoids used for the treatment of acne vulgaris will be discussed in elsewhere.

8.1.2. Benzoyl peroxide and other topical antibacterial agents

Benzoyl peroxide (BPO) is still the gold standard for mild-to-moderate acne. It is the leading 
over the counter anti-acne agent in the United States. Different preparations including bar 
soaps, washes, gels, lotions, creams, foams, and pads with concentrations ranging from 2.5 
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to 10% are available as well as products which combine benzoyl peroxide with clindamycin, 
erythromycin, or adapalene. BPO is a bleaching agent, thus whitening of clothing and bed-
ding can occur. İrritant or allergic contact dermatitis can develop to benzoyl peroxide, pre-
senting with marked erythema. BPO is a potent bactericidal agent that reduces P. acnes within 
the follicle. It also has mild comedolytic properties and is particularly effective when used in 
combination with other therapies.

The mechanism of action is presumably due to its strong oxidizing property. The release of 
free oxygen radical causes oxidation of bacterial proteins and the development of oxygen cre-
ates a milieu in the follicle, where anaerobic bacteria like P. acnes cannot survive [57–60]. BPO 
has a broad-spectrum and rapid activity against Gram-positive and Gram-negative bacteria, 
yeasts, and various fungi [58]. Significant and fast reduction in the number of propionibacte-
ria from the skin surface and follicular casts can be achieved with topical use of BPO, starting 
within days after the initiation of the therapy. However, long-term use of the agent does not 
provide further decrease in the bacterial population [61–63].

Unlike common antibiotics, BPO is effective and can be readily used against antibiotic-resis-
tant propionibacteria strains [60]. This agent shows its antibacterial action via powerful oxi-
dation. This nonspecific mode of antibacterial action does not lead to the development of 
resistant strains and thus makes long-term use of the drug possible [62]. Therefore, in order 
to sustain long-lasting efficacy in acne therapy, broad-spectrum antibacterial agents such as 
BPO can be used concomitantly or sequentially with antibiotics. Unlike bacterial burden, BPO 
has a lack of direct effect on sebum production and does not reduce skin surface lipids, but 
it is effective in reducing the free fatty acids, known as comedogenic agents, and triggers of 
inflammation in sebum [64, 65]. BPO is thought to have weak comedolytic activity [66].

Another supplementary benefit of BPO in acne therapy is its anti-inflammatory action. BPO, 
however, does not have significant direct in vivo anti-inflammatory potency. A potential expla-
nation for the anti-inflammatory effects of BPO could be the mediation by the antibacterial or 
oxidizing action of BPO. Following the decrease in the population of P. acnes in the follicles 
and the reduction of free oxygen radicals, one source of inflammation is cut and therefore 
inflammatory reactions are suppressed. The anti-inflammatory benefit of BPO, regardless of 
being direct or indirect, is reflected in several studies [67].

BPO products are indicated for mild-to-moderate acne with occurrence of predominantly 
inflamed lesions. One study tested different BPO formulations with different concentrations 
and at the end of 4 weeks treatment, they were all shown to decrease the number of papules 
and pustules and, to a smaller degree, the number of comedones [68]. Not only efficacy in 
mild-to-moderate acne but also a rapid onset of action can be observed after BPO application, 
which accompanies the quick antibacterial action within the first week of therapy [69].

8.1.3. Topical antibiotics

Topical antibiotics have been an integral component of the topical acne treatment. Over 
time, the most common topical antibiotics used for acne treatment have been erythromy-
cin and clindamycin, with the latter being favored over the past several years, primarily 
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due to  widespread emergence globally of P. acnes strains resistant to erythromycin [70]. 
Sulfacetamide with or without sulfur has also been used topically for treatment of acne vul-
garis but data regarding the efficacy of these agents are limited. It is thought to restrict the 
growth of P. acnes through competitive inhibition of the condensation of para-aminobenzoic 
acid with pteridine precursors.

The principal mechanism of action of topical antibiotics appears to be through reduction 
in P. acnes organisms, which reduces the subsequent triggering of inflammatory activities 
[71, 72]. The use of benzoyl peroxide in combination with erythromycin or clindamycin aug-
ments reduction in P. acnes, reduces the emergence of resistant P. acnes strains, and may 
improve efficacy over use of either agent alone [71].

Concerns regarding emergence of clinically significant antibiotic-resistant bacteria primarily 
focus on systemic antibiotic use but topical antibiotic use can also change the cutaneous flora as 
application of topical antibiotics for treatment of acne is usually continued over several months 
to years [73, 74]. Thus, progressive emergence of normal bacterial flora that are less antibiotic 
sensitive such as macrolide-resistant Staphylococcus epidermidis and erythromycin- and tetracy-
cline-resistant P. acnes strains has an estimated prevalence of 40% globally over approximately 
three decades [74]. Additionally, antibiotic-resistant P. acnes strains have been demonstrated on 
skin of untreated contacts of acne patients treated with topical antibiotic therapy, supporting 
interpersonal spread [75]. The clinically relevant effects of these changes in normal bacterial 
flora secondary to antibiotic use are not entirely clear. However, there is evidence for a cor-
relation between antibiotic-resistant P. acnes and a reduction in efficacy with antibiotic therapy 
[73, 74]. Potential issues of concern that have been raised in this manner include increased prev-
alence of P. acnes strains less responsive to antibiotics, alterations in cutaneous flora, decreased 
therapeutic responsiveness to antibiotic therapy, and promotion of other clinical infections 
among treated patients and/or their close contacts. Apart from these, pharyngeal colonization 
with Streptococcus pyogenes and a possible increased risk of an upper respiratory tract infection 
have been associated with chronic use of antibiotics for acne, including topical agents [76, 77].

A report analyzing several monotherapy studies using either topical erythromycin or topical 
clindamycin for acne vulgaris demonstrated that the efficacy of topical erythromycin in reduc-
ing acne lesions has markedly decreased over time; however, the efficacy of topical clindamy-
cin has not diminished on the basis of the same parameters of acne lesion reduction [78].

Topical antibiotics remain an important part of acne treatment and are recommended as a 
component of combination topical therapy; monotherapy with a topical antibiotic for acne is 
not recommended. At present, topical clindamycin remains the predominant topical antibi-
otic used for acne treatment; however, other agents such as erythromycin, sulfacetamide with 
or without sulfur, and azelaic acid are also options. Overall, the tolerability and safety profiles 
of topical antibiotics used for the treatment of acne vulgaris, are very favorable.

8.1.4. Azelaic acid

Azelaic acid is a naturally occurring dicarboxylic acid found in cereal grains. It is available as 
a topical 20% cream formulation, which has been shown to be effective in inflammatory and 
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comedonal acne [10]. By inhibiting the growth of P. acnes, azelaic acid reduces inflammatory 
acne. It also reverses the altered keratinization of follicles affected by acne and thus demon-
strates comedolytic properties. The activity of azelaic acid against inflammatory lesions may 
be greater than its activity against comedones. Overall, the position of azelaic acid in the 
treatment algorithm of acne vulgaris has been as an alternative to other topical agents. Initial 
improvement in acne with topical azelaic acid has been reported to be observed in 4–8 weeks, 
with maximum benefit generally noted after approximately 16 weeks of use [79]. Azelaic acid 
is applied twice daily, and its use is reported to have fewer local side effects than topical reti-
noids. In addition, it may help to lighten postinflammatory hyperpigmentation.

8.1.5. Salicylic acid

Salicylic acid (SA) is a comedolytic and mild anti-inflammatory agent, widely used as a topical 
therapeutic agent for a variety of skin diseases, including acne, psoriasis, dandruff, and ich-
thyosis. Concentrations ranging from 0.5 to 10% have been recommended for acne, in numer-
ous delivery formulations, including gels, creams, lotions, foams, solutions, and washes. The 
action of SA may occur due to the reduced cohesion between corneocytes, resulting in the 
shedding of epidermal cells, rather than “lysing” of keratin [80]. The antibacterial action of SA 
against P. acnes has also been demonstrated in both in vitro and in vivo studies. Side effects of 
topical salicylic acid include erythema and scaling.

Many clinical studies have proven the anti-acne efficacy of SA-containing products. SA can 
induce a more rapid effect on noninflamed lesions, when compared to inflamed lesions, which 
strengthens the suggestion that it has a primary effect on comedogenesis [81]. According to 
cross-over studies, SA is slightly more effective than BPO for the treatment of comedonal 
acne, as well as inflammatory lesions [82, 83]. The observed superiority of SA might be due 
to its mode of action. Since the primary lesion of acne is the microcomedo, a treatment that is 
effective in preventing its formation will be effective in preventing inflammatory lesions into 
which the microcomedo can progress. As the action of SA is mainly keratolytic, it interferes in 
an earlier stage than BPO, and in consequence it seems to be superior in acting against later 
steps, the inflamed lesions.

8.1.6. Topical dapsone

Topical dapsone 5% gel is approved for the treatment of acne vulgaris. Of note, a temporary 
yellow-orange staining of the skin and hair occasionally occurs with concomitant use of topi-
cal dapsone and benzoyl peroxide.

8.2. Oral treatments

8.2.1. Antibiotics

Current basic clinical research including identification of the P. acnes genome, analysis of 
innate-immune response in acne inflammation, evaluation of the role of inflammation in 
comedogenesis, and microbiologic studies correlating P. acnes with specific treatments and 
therapeutic benefit, all support the goal of P. acnes suppression with antimicrobial therapy as 
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Current basic clinical research including identification of the P. acnes genome, analysis of 
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comedogenesis, and microbiologic studies correlating P. acnes with specific treatments and 
therapeutic benefit, all support the goal of P. acnes suppression with antimicrobial therapy as 
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a component of acne management [72]. In addition to P. acnes suppression, some antibiotics 
such as the tetracycline derivatives also exhibit anti-inflammatory properties that appear to 
contribute to their therapeutic benefit in acne vulgaris [84].

Conventionally, the predominant oral antibiotics used for treatment of acne vulgaris in most 
countries have been tetracycline, doxycycline, minocycline, erythromycin, azithromycin, and 
rarely trimethoprim. Doxycycline and minocycline are used more frequently than tetracycline 
and erythromycin due to resistance issues but over time there has been a trend toward an 
increase in P. acnes strains becoming less sensitive to doxycycline and minocycline as well 
[74, 85, 86] (Table 1).The greatest decrease in P. acnes colony counts has been demonstrated 
with minocycline, followed in order of magnitude by doxycycline, tetracycline, trimethoprim-
sulfamethoxazole, and erythromycin [87]. The clinical efficacy of oral antibiotic therapy for 
acne vulgaris is well established and recognized as a conventional component of rational acne 
treatment.

The main indication for oral antibiotic therapy in acne vulgaris is moderate-to-severe inflam-
matory involvement on the face and/or trunk [72]. Antibiotic monotherapy should be avoided 
due to promotion of antibiotic-resistant bacterial strains, with oral antibiotic therapy best 
utilized in combination with a topical regimen, namely benzoyl peroxide or a topical reti-
noid [88]. It has also been suggested that a short course of benzoyl peroxide therapy prior to 
initiating antibiotic therapy assists in the eradication of antibiotic-resistant P. acnes strains, 
thus enhancing the overall efficacy of antibiotic treatment. The combination therapy may also 
allow for better ability to discontinue the oral antibiotic at some point based on response to 
treatment, and hopefully allow the topical regimen alone to maintain control of acne.

If not enterically coated, doxycline, especially the hyclate salt, is best administered with food 
and a large glass of water when the patient is upright and not prior to anticipated reclining 
for at least a few hours, to reduce the risk of gastrointestinal side effects such as esophagi-
tis. Concomitant administration of doxycycline and minocycline with iron supplements and 
metal ions may decrease absorption of both agents. Azithromycin, on the other hand, does 
not as commonly cause gastrointestinal side effects, and is best taken on an empty stomach to 
maximize absorption.

In case of resistance challenges, it is important to recognize that a direct correlation between 
prevalence of P. acnes resistance and poor therapeutic response to antibiotic therapy has not 
always been consistent [74]. Factors potentially associated with a reduced response to antibi-
otic therapy may include pre-existing antibiotic resistance, the quantity of antibiotic-resistant 

Drug Usual dosage range

Minocycline (immediate release) 50–100 mg once or twice daily

Minocycline (extended release) 1 mg/kg/day (45–135 mg once daily)

Doxycycline 75–100 mg once or twice daily
150 mg once daily

Table 1. The recommended dosing schedule is seen.
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P. acnes strains in the individual patient, resistance to multiple antibiotics, use of antibiotics 
without concomitant use of benzoyl peroxide, repeated courses of antibiotic therapy especially 
without concomitant use of benzoyl peroxide, unnecessary switching of oral antibiotic agents 
despite previous efficacy, individual drug characteristics such as GI absorption and lipophilic-
ity, relative effects on serum and tissue levels due to interference of GI absorption by co-admin-
istered chelating metal ions, and existence of P. acnes in a protective extracellular biofilm in vivo.

When oral antibiotic therapy is incorporated with a topical regimen for acne, it has been sug-
gested that it be administered over a minimum period of 6–8 weeks and a maximum of 12 
weeks–6 months. In the initial follow-up 6–8 weeks after the start of therapy, if a substantial 
lack of efficacy is observed despite adequate compliance, a change in oral antibiotic therapy 
is reasonable [72, 74, 89]. If partial improvement is observed, it may be reasonable to con-
tinue with the current therapy for an additional 6–8 weeks to evaluate if further progress is 
achieved. Changing a regimen too frequently often results in suboptimal outcomes as a given 
regimen is never afforded a true opportunity to initiate its therapeutic effect. Once control 
of acne is felt to be stable, which is usually achieved over a duration of 3–6 months assum-
ing compliance is adequate, discontinuation of the oral antibiotic therapy may be suggested, 
with continuation of the topical regimen for long-term maintenance. Stabilized control of acne 
does not necessarily imply complete clearance but may be defined as the observation that 
new inflammatory lesions have stopped or markedly decreased. Despite the alleged use of a 
topical maintenance regimen, some patients return with an acne flare within a few weeks to 
months after discontinuation of the oral antibiotic. In such cases, it is suggested to reinitiate 
therapy with the same oral antibiotic that was previously effective.

Use of systemic antibiotics may cause some adverse reactions. Doxycycline is associated with 
dose-related phototoxicity, whereas minocycline causes acute vestibular adverse events, 
lupus-like syndrome, together with cutaneous and/or mucosal hyperpigmentation, includ-
ing brown, gray, or blue pigmentation of skin and/or mucosa and blue discoloration of acne 
scars. There are no specific recommendations to routinely perform baseline or periodic labo-
ratory testing with oral antibiotics used to treat acne vulgaris; however, medical history of 
the individual patient may prompt the clinician to avoid use of a specific oral antibiotic or to 
incorporate baseline and/or periodic laboratory monitoring.

Overall, the efficacy and safety of conventional oral antibiotic therapy used for acne have been 
very favorable based on available studies and extensive clinical experience over many years.

8.2.2. Hormonal therapy

Hormonal therapy is an established second-line treatment for female patients with acne and 
can be very effective, irrespective of whether or not the serum androgen levels are abnor-
mal. Hormonal therapies are most effective in adult women with inflammatory papules and 
nodules of the lower face and neck that tend to flare prior to menstruation. These lesions are 
usually resistant to oral antibiotherapies, thus hormonal therapy with oral contraceptives to 
block both ovarian and adrenal production of androgens can be initiated. Due to potential 
long-term risks associated with oral contraceptive use consultation with a gynecologist is 
recommended. Most oral contraceptive formulations combine an estrogen with a progestin in 
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order to minimize the risk of endometrial cancer, which is known to occur with unopposed 
estrogen administration. Second-generation progestins with low intrinsic androgenic activity 
such as ethynodiol diacetate, norethindrone, and levonorgestrel are preferred in the combina-
tions. Newer, third-generation progestins like desogestrel, norgestimate, and gestodene have 
even less androgenic activity and other progestins like drospirenone, cyproterone acetate, 
and dienogest have antiandrogenic properties.

Three oral contraceptives are currently FDA-approved for the treatment of acne, although 
others also have evidence of efficacy. The first is a triphasic oral contraceptive composed of a 
norgestimate-ethinyl estradiol (35 mcg) combination. The second contains a graduated dose 
of ethinyl estradiol (20–35 mcg) in combination with norethindrone acetate, while the third 
contains a stable dose of ethinyl estradiol (20 mcg) plus drospirenone (3 mg) with a 24-day 
dosing regimen [90]. Side effects of oral contraceptives include nausea, vomiting, abnormal 
menses, weight gain, and breast tenderness; agents containing drospirenone can lead to ele-
vations in serum potassium levels, but this is generally not clinically significant in otherwise 
healthy individuals. Rare but more serious complications include hypertension and throm-
boembolism [91–93]. The progestational antiandrogen cyproterone acetate primarily makes 
androgen receptor blockade. The standard formulation combines cyproterone acetate (2 mg) 
with ethinyl estradiol (35 or 50 mcg) in an oral contraceptive formulation, which is the treat-
ment of choice for sexually active women with hormonally responsive acne [94].

Spironolactone functions as both an androgen receptor blocker and an inhibitor of 
5α-reductase. In doses of 50–100 mg twice daily, it has been shown to reduce sebum produc-
tion and improve acne [95]. Side effects are dose-related and include potential hyperkalemia, 
irregular menstrual periods, breast tenderness, headache, and fatigue. However, hyperkale-
mia is rare in young healthy patients. Because it is an antiandrogen, there is a risk of feminiza-
tion of a male fetus if a pregnant woman takes this medication. The potential risk to a fetus 
and the symptoms of irregular menstrual bleeding can be alleviated by combining spirono-
lactone with an oral contraceptive. Side effects can also be minimized if therapy is initiated 
with a low dose (25–50 mg/day). Effective maintenance doses range from 25 to 200 mg/day. 
As with other hormonal therapies, a clinical response may take up to 3 months.

Flutamide, a nonsteroidal androgen receptor blocker that is approved by the FDA for the 
treatment of prostate cancer, can also be an effective treatment for acne in women at doses 
of 62.5–500 mg/day. In addition to side effects similar to those of other antiandrogens severe 
dose-related hepatotoxicity occasionally occurs.

8.2.3. Isotretinoin

Currently, isotretinoin (13-cis-retinoic acid) is the drug of choice for the management of 
severe, treatment-resistant acne vulgaris. Treatment with isotretinoin can lead to both marked 
improvement and long-lasting remission. It was not until 1979 when Peck et al. conducted an 
open-label trial for treatment-resistant cystic and conglobate acne with isotretinoin [96] and 
shortly thereafter the Food and Drug Administration (FDA) approved isotretinoin for the 
treatment of severe nodulocystic acne. Isotretinoin, though a vitamin A derivative, is a rela-
tively water-soluble molecule. Peak plasma levels are achieved between 1 and 4 hours [97]. 
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Importantly, the magnitude of this peak level is increased by co-administration with lipids. 
Thus, patients are instructed to take their doses with a small, fatty meal. Given the half-life of 
10–20 hours, it is best to take isotretinoin twice a day [97, 98]. Isotretinoin is metabolized in the 
liver, where it is oxidized to 4-oxo-isotretinoin via CYP450 3A4 substrate and then excreted 
in urine and feces.

The primary mechanism of isotretinoin is its effect on sebaceous glands, inhibiting seba-
ceous gland activity, proliferation, differentiation, function, and production of sebum. In 
vitro studies conclude that isotretinoin induces apoptosis and cell cycle arrest of human 
sebocytes [99]. This effect seems to persist indefinitely upon completion of a full course 
(120–150 mg/kg) of isotretinoin, and this is thought to be the mode by which treatment 
with isotretinoin can cure acne. Unlike other retinoids used in dermatology, isotretinoin 
does not bind retinoic acid receptors (RARs), but functions via an RAR/RXR-independent 
mechanism. Secondary mechanisms that contribute to the efficacy of isotretinoin include 
anti-inflammatory, antibacterial (secondary to sebum reduction/alteration), and antikera-
tinizing effects.

Isotretinoin is indicated for the treatment of severe recalcitrant nodular acne, and its use for 
less severe acne is often indicated provided such cases are treatment-resistant and especially 
if the disease is leading to scarring, whether physical or emotional. In only the severest cases 
should it be considered as initial therapy.

Isotretinoin should be dosed at 0.5–1 mg/kg/day divided BID. Commonly, an initial dose 
of 0.5 mg/kg/day for the first month is preferred to acclimate the patient to mucocutane-
ous xerosis, minimize initial inflammatory response, and monitor for any adverse effects. 
The dose should then be increased to approximately 1 mg/kg/day. In patients with severe 
acne in which explosive flares may occur, pre-treatment for one or two weeks with daily 
prednisone is advised. After this pretreatment, 0.5 mg/kg/day of isotretinoin is initiated-
vwhile gradually decreasing the steroid dose. What is more important than the daily dose, 
is achieving a total cumulative dose of 120–150 mg/kg, ensuring the prolonged remission 
of acne [100].

Relapses can be observed after the completion of the therapy, especially in cases of younger 
patients, males, and truncal acne. However, acne that recurs after isotretinoin therapy is 
more responsive to less aggressive acne treatments such as topical agents or oral antibiotics. 
If still severe, a repeat course of isotretinoin can be tried with success rates similar to that 
of initial treatments. Purported relapse rates following treatment of acne with isotretinoin 
varies between 5.6 and 65.5% [101]. The most likely reasons for this large discrepancy are 
small sample size, short follow-up, retrospective design, and/or subtherapeutic cumulative 
dosage.

Absolute contraindications for isotretinoin use include pregnancy, breast-feeding, and hyper-
sensitivity to parabens, soybean oil, or other retinoids. Relative contraindications include psy-
chiatric disorders, skeletal disorders, seizure disorder, hyperlipidemia, pancreatitis history, 
diabetes mellitus, hyperuricemia, gout, and anorexia nervosa.
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should it be considered as initial therapy.

Isotretinoin should be dosed at 0.5–1 mg/kg/day divided BID. Commonly, an initial dose 
of 0.5 mg/kg/day for the first month is preferred to acclimate the patient to mucocutane-
ous xerosis, minimize initial inflammatory response, and monitor for any adverse effects. 
The dose should then be increased to approximately 1 mg/kg/day. In patients with severe 
acne in which explosive flares may occur, pre-treatment for one or two weeks with daily 
prednisone is advised. After this pretreatment, 0.5 mg/kg/day of isotretinoin is initiated-
vwhile gradually decreasing the steroid dose. What is more important than the daily dose, 
is achieving a total cumulative dose of 120–150 mg/kg, ensuring the prolonged remission 
of acne [100].

Relapses can be observed after the completion of the therapy, especially in cases of younger 
patients, males, and truncal acne. However, acne that recurs after isotretinoin therapy is 
more responsive to less aggressive acne treatments such as topical agents or oral antibiotics. 
If still severe, a repeat course of isotretinoin can be tried with success rates similar to that 
of initial treatments. Purported relapse rates following treatment of acne with isotretinoin 
varies between 5.6 and 65.5% [101]. The most likely reasons for this large discrepancy are 
small sample size, short follow-up, retrospective design, and/or subtherapeutic cumulative 
dosage.

Absolute contraindications for isotretinoin use include pregnancy, breast-feeding, and hyper-
sensitivity to parabens, soybean oil, or other retinoids. Relative contraindications include psy-
chiatric disorders, skeletal disorders, seizure disorder, hyperlipidemia, pancreatitis history, 
diabetes mellitus, hyperuricemia, gout, and anorexia nervosa.
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Concomitant use of isotretinoin and tetracycline can induce intracranial hypertension, lead-
ing to pseudotumor cerebri, via idiosyncratic reaction. Severe and persistent headaches with 
nausea, vomiting, and blurred vision can be signs of pseudotumor cerebri.

Treatment with isotretinoin can have various adverse effects since RARs are ubiquitous 
throughout the body. These side effects mimic the effects of hypervitaminosis A and almost 
all are reversible upon discontinuation of isotretinoin. The first, and essentially universal, 
side effect of isotretinoin is cheilitis and its absence is often considered a marker of non-
compliance or insufficient dosage. Any mucocutaneous site can be affected including the 
skin, conjunctiva, oropharynx, nasopharynx, and genitalia. Treatment for mucocutaneous 
dryness consists of artificial tears for the eyes, emollients for the lips and body. Other rarely 
reported dermatological side effects of isotretinoin include photosensitivity, exuberant gran-
ulation tissue, abnormal wound healing, telogen effluvium, nail plate fragility, paronychia, 
and onycholysis.

Transient dyslipidemia is the second most common side effect after mucocutaneous xerosis. 
About 20% of acne patients treated with isotretinoin experience hypertriglyceridemia [102]. 
LDL may also be increased, while HDL may be decreased. These alterations typically occur 
early in treatment during the first month or two, stabilize, and then revert to pretreatment lev-
els upon discontinuation of isotretinoin. Substantially increased triglyceride levels can have 
risks including pancreatitis and eruptive xanthomas. Since triglyceride elevations are dose 
related, one can decrease the dose of isotretinoin. If dose reduction is not sufficient, apart 
from lifestyle changes pharmacologic therapy is indicated. The drug of choice for isotreti-
noin-induced hypertryglyceridemia is gemfibrozil, 600 mg twice daily. For triglyceride levels 
greater than 800 mg/dL, discontinuation of isotretinoin is appropriate.

Increased transaminase levels are seen in some 11–15% of acne patients treated with isotreti-
noin, whereas development of severe hepatotoxicity is extremely rare [103].

Other occasionally reported adverse effects of isotretinoin include nausea, diarrhea, abdomi-
nal pain, gastritis, proctocolitis, flares of inflammatory bowel disease, decreased white blood 
cell count, hemoglobin, and platelets, arthralgias, or myalgias.

The most serious side effect of isotretinoin is teratogenicity. It affects organogenesis; there-
fore, its greatest risk to a fetus is early in pregnancy, during the first trimester. Even one dose 
is thought to be able to induce congenital defects or spontaneous abortion [104]. The rate of 
birth defects ranges from 18 to 28%, including craniofacial, cardiac, central nervous system, 
thymic, and various other abnormalities [104–106]. Female patients of childbearing potential 
must have at least one or two negative pregnancy tests before starting treatment and practice 
effective contraception for 1 month prior to, during, and for 1 month after completing therapy.

Long-term treatment with isotretinoin can decrease bone mineral density and cause hyper-
ostosis and osteophytes. However, it is not clear if these effects apply to the short-term treat-
ment of acne with a standard course of isotretinoin [107].

In case of psychological side effects, there is no evidence that there is a causal relationship 
between mood disturbances such as depression, anxiety, or suicidal ideation and the use of 
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isotretinoin. However, there are many studies demonstrating positive and negative correla-
tion between isotretinoin use and increased risk of depression [108–112]. Nevertheless, given 
the serious nature of depression and suicidal ideation, close psychological monitoring of 
patients is recommended.

Before the initiation of isotretinoin therapy, fasting lipids and liver function tests should be 
checked at baseline, monthly for the first 2 months. If no abnormalities are found and the dose 
unchanged blood tests are done every 2 months.

8.3. Surgical treatment

Extraction of especially deep and persistent comedos can improve the cosmetic appearance 
of acne and aid in therapeutic responsiveness to topical comedolytic agents [113]. The kerati-
nous contents of open comedones may be expressed via a comedo extractor. The Schamberg, 
Unna, and Saalfield types of comedo expressers are most commonly used. Nicking the surface 
of a closed comedo with an 18-gauge needle or a #11 blade allows easier expression. This pro-
cedure should be used in conjunction with a topical retinoid or other comedolytic treatment 
for maximum benefit. Comedo extraction should not be performed on inflamed comedones 
or pustules because of the risk of scarring. Light electrocautery, electrofulguration, and cryo-
therapy can also be effective treatments for comedones.

Photodynamic therapy utilizing topical 5-aminolevulinic acid together with various light 
sources (e.g., blue, red, intense pulsed) or lasers (e.g., pulsed dye, 635 nm red diode) have 
been successfully used to treat acne [114]. In addition, blue or intense pulsed light alone and 
lasers such as the pulsed dye, the 1320 nm neodymium:YAG and especially the 1450 nm diode 
may be of therapeutic benefit for inflammatory acne.

Intralesional injection of corticosteroid (triamcinolone acetonide 2–5 mg/ml) can quickly 
improve the appearance and tenderness of deep, inflamed nodules and cysts [115]. Larger 
cysts may require incision and drainage prior to injection. The maximal amount of corticoste-
roid used per lesion should not exceed 0.1 ml. The risks of corticosteroid injections include 
hypopigmentation (particularly in darkly pigmented skin), atrophy, telangiectasias, and nee-
dle tract scarring.

Low-concentration chemical peels are also beneficial for the reduction of comedones. The 
α-hydroxy acids (including glycolic acid), salicylic acid, and trichloroacetic acid are the most 
common peeling agents. Higher-concentration glycolic acid peels (20–70%, depending on the 
patient’s skin type) and the less predictable phenol peel may also be performed in the office 
setting. Risks of chemical peels include irritation, pigmentary alteration, and scarring [116].

One of the most distressing consequences of acne vulgaris is scarring. Laser resurfacing (frac-
tional as well as traditional), dermabrasion, and deeper chemical peels can be used in case of 
scarring [117]. Surgical subscision combined with filler substances is also a commonly used 
technique in the management of “ice-pick” acne scars. For larger hypertrophic scars, aggre-
gated pitted scars, and sinus tracts, full-thickness surgical excision may result in improved 
scar placement and a better cosmetic appearance.
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Abstract

Acne is a dermatological disorder that can be more commonly seen in adolescents as well 
as younger patients. The pediatric acne is classified according to the age groups as neo-
natal acne, infantile acne, mid-childhood acne, and prepubertal acne. The presentation, 
pathogenesis, differential diagnosis, and treatment of the disease vary in each age group. 
Early diagnosis is important to prevent the scar formation and determine the underlying 
abnormalities.

Keywords: neonatal acne, infantile acne, mid-childhood acne, prepubertal acne

1. Introduction

Acne is one of the most common diseases in dermatology practice. Although acne has been 
known as a disease of the adolescents, it is also observed during the neonatal, infantile, 
mid-childhood, and prepubertal period. The severity of clinical findings varies mild to 
moderate in neonates but it could be more severe in different age groups. While the dis-
ease usually recovers spontaneously, in some severe scar formation cases, treatment should 
be needed. The treatment of acne is debate in these age groups, because of the possible 
adverse effects of the medications. Pediatric acne becomes a greater issue because it has a 
wide spectrum of differential diagnosis and could be associated with underlying systemic 
abnormalities [1–3].

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. Classification of pediatric acne

2.1. Neonatal acne

2.1.1. Presentation and pathogenesis

Acne developing in newborns at birth or within 4-6 weeks immediately after birth is called 
neonatal acne [1]. It is more frequently seen in newborn boys than in girls [2]. The incidence 
of neonatal acne diagnosed based on the presence of comedone lesions is approximately 20% 
in newborns [3].

Although the etiopathogenesis is not exactly known, there are debates as to whether they 
are true acne or not [4]. A positive family history shows that there is role of genetic factors 
[2]. Sebaceous glands stimulated by maternal and neonatal androgens, increased seborrhea 
and Malassezia species are also regarded to be responsible from etiology [5]. In addition, 
there are findings that demonstrate the importance of maternal effects on newborn seba-
ceous glands. Maternal androgens stimulate sebaceous glands by transplacental transmis-
sion instead of transmission by maternal milk [6]. Sebum secreted in large amounts during 
the neonatal period decreases over time and the sizes of the sebaceous glands gradually 
decrease towards the end of the sixth month [2]. In particular, the role of enlargement 
in the zona reticularis of the fetal adrenal gland and the resulting increased production 
of β-hydroxysteroids have been emphasized. Increased β-hydroxysteroids also cause 
enlargement in the sebaceous glands, thereby, increasing sebum production. Additionally, 
β-hydroxysteroids secreted from the neonatal adrenal glands cause the sebaceous glands 
to become more sensitive to hormones in the future [3]. Luteinizing hormone and testos-
terone are high in neonatal boys between the sixth and twelfth months. Adrenal andro-
gens are responsible for neonatal acne in both newborn boys and girls. The presence of 
increased testicular androgens in males confirms why this disease is more frequently seen 
in boys [2, 3].

Neonatal acne is characterized by inflammatory lesions, such as papules and pustules, in 
addition to open and closed comedones, and rarely by nodules and cysts [1, 3]. It is most com-
monly seen in the cheeks and then in the forehead and less frequently in the neck and trun-
cal region [3]. Neonatal acne, which is characterized by self-limiting mild symptoms, rarely 
continues to the ninth to twelfth months and can transform to infantile acne. In the majority of 
the patients, there is no underlying disease. Following a detailed history and physical exami-
nation, endocrinological abnormalities should be further investigated in the presence of signs 
of virilization or other abnormal findings [1, 4].

Acneiform eruptions and infectious and noninfectious diseases, which can be sometimes seen 
during the neonatal period, are involved in the differential diagnosis. In the differential diag-
nosis, acne venenata infantum, acneiform drug reactions, chloracne, bacterial (Staphylococcus 
aureus, Listeria monocytogenes, beta hemolytic group B streptococcus), viral (Herpes simplex, 
Varicella zoster, cytomegalovirus), fungal (candidiasis, pityrosporum folliculitis), and parasitic 
(scabies) infections as infectious causes and erythema toxicum neonatorum, infantile acro-
pustulosis, milia, sebaceous gland hyperplasia, transient neonatal pustular melanosis, and 
pustular miliaria as noninfectious causes are often considered [5].
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Varicella zoster, cytomegalovirus), fungal (candidiasis, pityrosporum folliculitis), and parasitic 
(scabies) infections as infectious causes and erythema toxicum neonatorum, infantile acro-
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2.1.2. Treatment

As neonatal acne is a mild and transient condition, it recovers spontaneously within four 
weeks and three months without scar formation. Rarely, it can persist up to six to twelve 
months [5]. Topical agents are often beneficial for treatment. The gel, lotion, and solution 
forms of topical antibiotics containing erythromycin and clindamycin and topical benzoyl 
peroxide can be used for inflammatory lesions and topical azelaic acid (20% cream) and topi-
cal retinoids (tretinoin 0.025-0.05% cream) can be used for comedonal lesions [2, 4]. If systemic 
treatment is required, an oral antibiotic such as erythromycin should be preferred [7].

The clinical characteristics of neonatal acne are summarized in Table 1.

2.1.3. Neonatal cephalic pustulosis

Neonatal cephalic pustulosis (NCP) is characterized by mild inflammatory papulopustular 
lesions and is differentiated from neonatal acne by the absence of comedones [1, 8]. In a study 
including 104 patients, the prevalence of NCP was approximately 25% in neonates [9]. It is 
thought to be due to the development of lipophilic yeasts in predisposed newborns who have 
increased sebum production. It has been demonstrated that Malassezia species, in particular, 
have a role in the etiopathogenesis of NCP [10, 11]. At birth, Malassezia colonization develops, 
depending on environmental factors, maternal contact, and the characteristics of newborn 
skin; it gradually increases within the first months of extrauterine life. In particular, Malassezia 
sympodialis and Malassezia globosa have a high prevalence. These fungi, which are found in 
the normal skin flora of infants, likely lead to follicular occlusion in predisposed infants who 
have increased sebum production. This, in turn, causes acneiform eruptions [8, 10, 12, 13]. 
However, the presence of negative mycological data in some NCP cases and the absence of 
NCP development in some culture-positive newborns lead us to believe that different fac-
tors also have an effect [1, 5]. There is a debate as to whether it is a hypersensitivity reaction 
developing against yeast or not [1]. In general, it is characterized by mild, transient lesions 
in the cheeks, chin, and forehead regions, which restrict themselves within a few weeks. As 
it is a self-limiting lesion, it does not usually require treatment. However, if needed, topical 
2% ketoconazole cream twice daily for 1 week is an appropriate treatment method [4, 8, 14].

Age at onset Birth–6 weeks

Clinical presentation Comedones, inflammatory papules and pustules, nodules, 
scarring

Differential diagnosis Neonatal cephalic pustulosis, bacterial-viral-fungal 
infections, erythema toxicum neonatorum, infantile 
acropustulosis, milia, sebaceous gland hyperplasia, 
transient neonatal pustular melanosis, pustular miliaria, 
chloracne, acne venenata infantum, acneiform drug 
eruptions

Treatment Recovers spontaneously without scar formationTopical 
azelaic acid, topical retinoids, topical antibioticOral 
antibiotic (erythromycin)

Table 1. Neonatal acne.
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2.2. Infantile acne

2.2.1. Presentation and pathogenesis

Infantile acne is a less common occurrence, compared to neonatal acne and it is observed 
between the first and twelfth months of extrauterine life. However, it can also develop 
in later periods, such as the 14th and 16th months [4, 15]. Infantile acne is more diffuse, 
inflamed, and persistent [3]. Similar to neonatal acne, infantile acne is also more common 
in males [2, 4]. Lesions are typically characterized by open and closed comedones, inflam-
matory papules and pustules, nodules and less commonly by scar forming cysts [1, 2, 3]. 
Infantile acne is most frequently seen on cheeks and less commonly seen on the chest and 
back (Figure 1) [1, 2]. Acne conglobata, which has primarily facial involvement and is clini-
cally similar to the adult form, is rarely seen [2]. Infantile acne, particularly conglobate 
infantile acne, may be associated with severe acne, which is seen during the adolescent 
period, and there is typically a positive family history of severe acne in these patients [16].

The causes of acne development during the infantile period are not so distinct. The presence 
of a positive family history emphasizes the role of genetic factors [8]. The general opinion 
tends toward the presence of sensitivity to the circulating adrenal and gonadal androgens. 
The release of adrenal androgens decreases close to age 1 and remains silent until the ages 
of 6-8. Zona reticularis which is the androgen-secreting part of fetal adrenal gland is large in 
both girls and boys and it gradually gets smaller beginning at age 1, during childhood period 
[8, 15]. It is thought that high levels of dehydroepiandrosterone (DHEA) and dehydroepian-
drosterone sulfate (DHEAS) secreted as a result of the continuation of fetal adrenal gland 
function after the neonatal period causes acne development by stimulating the sebaceous 

Figure 1. Infantile acne; an 8-month-old girl presented with closed comedones and inflammatory papules and pustules 
on her cheeks.
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glands [4, 8]. While there are high amounts of luteinizing hormone (LH) and testicular andro-
gen production until age one in boys, indeed, there is no testicular androgen production 
between age one and adrenarche. However, in girls, testosterone levels rapidly decrease at 
birth or within the first two weeks after birth. Thus, this situation explains why acne is more 
commonly seen in males [4, 8].

Most infantile acne is not associated with an underlying endocrinological abnormality. 
However, if the lesions are persistent, severe, and unresponsive to treatment, or if there is a find-
ing of hyperandrogenism in the physical examination of the infant (pubic hair, cliteromegaly, 
hirsutism, alopecia, accelerated growth, etc.), additional laboratory investigations for underly-
ing abnormalities should be performed [2, 7, 15]. Measurements of bone age, serological tests 
such as follicle-stimulating hormone (FSH), LH, free and total testosterone, DHEA, DHEAS, 
17β-hydroxyprogesterone, prolactin, and adrenocorticotropic hormone (ACTH) stimulation 
test should be performed [2, 4]. In rapidly developing infantile acne, attention should be given 
to virilizing tumors [17]. If the tests reveal an abnormality, the infant should be referred to pedi-
atric endocrinology.

In the differential diagnosis, acneiform eruptions developing due to the exposure are present. 
Acne venenata infantum or pomade acne can be seen due to comedogenic skin care prod-
uct forms such as pomades, creams, ointments, and oil form that are used by the parents; 
corticosteroid-induced acne is seen in the perioral, periocular, and infranasal areas due to 
topical, oral, and inhaler corticosteroids; chloracne is seen in the centrofacial region due to 
accidental exposure to chlorinated aromatic hydrocarbons. In addition to these conditions, 
neonatal acne, perioral dermatitis, milia, and miliaria should be also considered in the dif-
ferential diagnosis [4, 8].

2.2.2. Treatment

The course of the disease is variable. While the lesions disappear after one to two years in 
certain patients, they usually persist and most of the lesions recover after the age of four to 
five years. Less frequently, they can be active until puberty [3].

Parents of the patient with infantile acne should be warned about the fact that the disease can 
be persistent and severe acne can relapse during puberty [3]. The treatment of infantile acne 
is similar to the acne treatment in different age groups. Treatment varies according to the 
severity of the disease. In mild acne where comedone lesions are dominant, topical retinoids 
(tretinoin, adapalene) and/or the combination of topical benzoyl peroxide and topical anti-
biotic (erythromycin) can be used [5, 7, 18, 19]. Oral antibiotics can be used in more inflam-
matory lesions which are associated with papules, pustules, and nodules. The first choice, 
erythromycin, can be given in a dose of 125-250 mg, twice daily in this age group; if propi-
onibacterium acne is resistant to erythromycin, trimethoprim 100 mg could be given twice 
daily [2]. It is necessary to avoid oral tetracycline before age 8, as it could cause damage to the 
teeth and bones. Intralesional low dose triamcinolone acetonide (2.5 mg/mL), cryotherapy, 
and short-term topical corticosteroid therapy are options for acne associated with deep nod-
ules and cysts [3, 18, 20]. Oral isotretinoin can be used, if there is no response or if there is scar 
formation [18, 21, 22]. Oral isotretinoin is approved by the Food and Drug Administration for 
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patients aged 12 and above in the treatment of nodulocystic acne [23]. In the literature, its use 
in children aged below five, at a dose of 0.36-2 mg/kg/day for 4-6 months, has been found to 
be effective; however, scar tissue occasionally remains [8, 22]. The optimal cumulative dose 
of isotretinoin during the infancy is unknown. Its use in young children is slightly more diffi-
cult, since it is found in soft gelatin capsules and inactivated by light and oxygen [21]. Thus, it 
should be opened under dim light and the daily recommended dose should be divided twice 
daily, by adding to food, such as butter, yogurt, a bread slice with jam, or milk. However, in 
this way, there is the possibility of inactivation or not taking the drug in recommended doses. 
Therefore, the capsule can be frozen in a viscous texture and cut in the required doses and 
given with a delicious food such as a candy bar [18, 21, 22]. This method prevents the wast-
ing of the drug and also facilitates its use by decreasing the poor taste of the drug. Patients 
should be carefully followed for possible side effects. The most common side effect is dryness 
of the mucous membranes and the skin [4]. As it may lead to changes in blood counts, liver 
functions, cholesterol, triglyceride levels, adverse skeletal effects such as calcification of liga-
ments and tendons, cortical hyperostosis, periosteal thickening, premature epiphyseal closure, 
decalcification, and possible osteoporosis, laboratory evaluations, and skeletal growth should 
be followed on regular intervals [8, 21, 24].

The clinical characteristics of infantile acne are summarized in Table 2.

2.3. Mid-childhood acne

2.3.1. Presentation and pathogenesis

Mid-childhood acne is observed between the 1 and 7 years of life [14]. Acne is quite rare dur-
ing this period. The children in this age group do not secrete significant amounts of adrenal or 
gonadal androgens. Androgen secretion of adrenals often disappears after the first year of life 
until age 7 (adrenarche). Then, zona reticularis regains function. Therefore, hyperandrogen-
ism should be investigated at the time of diagnosis [6, 8, 25].

Lesions are characterized by mixed comedones and inflammatory papules and pustules of the 
face, chest, and back [1].

Age at onset 6 weeks–12 months

Clinical presentation Comedones, inflammatory papules and pustules, nodules, 
less commonly by scar forming cysts, acne conglobata

Differential diagnosis Acne venenata infantum/pomade acne, corticosteroid 
induced acne, chloracne, neonatal acne, perioral dermatitis, 
milia, miliaria

Treatment Topical retinoids, topical benzoyl peroxide, topical 
antibiotic (erythromycin)Oral antibiotic (erythromycin, 
trimethoprim sulfamethoxazole)Intralesional low 
dose triamcinolone acetonide, cryotherapy, short-term 
topical corticosteroid therapy for nodules and cystsOral 
isotretinoin for scar formation lesions

Table 2. Infantile acne.
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In addition to premature adrenarche, which is a completely benign event, more severe condi-
tions such as congenital adrenal hyperplasia (CAH), gonadal and adrenal tumors, Cushing's 
syndrome, central precocious puberty, and exogenous androgen absorption should be excluded 
[2, 7, 15]. A careful physical examination should be done for the growth chart and the presence 
of findings related to hormonal abnormality. The bone age could be measured by radiological 
examination of the left hand or wrist [1, 2]. Laboratory tests such as serum total and free testos-
terone, DHEA, DHEAS, 17 alpha hydroxyprogesterone, FSH, LH, and prolactin levels should 
be measured to evaluate hormonal abnormalities [2]. If any abnormality is detected, it should be 
referred to pediatric endocrinology.

Inflamed keratosis pilaris, which is seen in the cheeks in atopic people, keratin cysts (miliaria), 
demodicosis, molluscum contagiosum, verruca plana, idiopathic facial aseptic granuloma, 
pseudoacne of the nasal crease, perioral dermatitis, and angiofibroma should be considered 
in the differential diagnosis of mid-childhood acne [7, 15, 26, 27]. In the literature, dactinomy-
cin-induced acne has been reported in this age group [28].

2.3.2. Treatment

Its treatment depends on the underlying endocrinological abnormality. However, if neces-
sary, topical treatments and oral antibiotics are similar to infantile acne [2, 8].

The clinical characteristics of mid-childhood acne are summarized in Table 3.

2.4. Prepubertal acne

2.4.1. Presentation and pathogenesis

Acne, which is observed between the ages of 7 and 11, is called prepubertal acne and its inci-
dence has increased in recent years [15]. Contrary to expectations, acne can occur prior to 
pubertal signs. There is a genetic predisposition in these patients. An increased early-onset 
acne can be an initial finding of pubertal development rather than age [2]. Prepubertal acne is 
a consequence of normal adrenarche, which develops depending on adrenal gland maturation 
[7]. Acne development in premenarche girls has been reported as 61-71.3% [29, 30]. The most 
common presentation is comedonal lesions in the center region of the forehead. Inflammatory 
papules and pustules can be seen in the central of the face and sometimes in the ear concha, 

Age at onset 1–7 years

Clinical presentation Comedones, inflammatory papules and pustules

Differential diagnosis Inflamed keratosis pilaris, keratin cysts, demodicosis, 
molluscum contagiosum, verruca plana, idiopathic facial 
aseptic granuloma, perioral dermatitis, angiofibroma

Treatment Depends on the underlying abnormalityTopical 
retinoids, topical benzoyl peroxide, topical antibiotic 
(erythromycin)Oral antibiotic (erythromycin, 
trimethoprim)Oral isotretinoin

Table 3. Mid-childhood acne.
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chest, and back [1]. Advancing pubertal maturation was found to be correlated with the preva-
lence and severity of acne in both boys and girls [29, 31]. There are two components of pubertal 
development. The first component is adrenarche, which is the initiation of androgen synthesis 
(DHEA, DHEAS) together with the maturation of the adrenal gland at the age of 6-7 years 
in girls and at the age of 7-8 years in boys. DHEA and DHEAS lead to the development of 
seborrhea, odor, terminal and sexual hair, and acne. Excessive androgen production could 
be related to adrenal hyperandrogenism, congenital adrenal hyperplasia, Cushing's disease, 
21-hydroxylase deficiency, and androgen-secreting tumors. Furthermore, true puberty, the sec-
ond component, is the maturation of the ovary and testis under the effect of the hypothalamo-
pituitary-adrenal (HPA) axis. Androgen secretion from the gonads is low during this period of 
life. Excess ovarian androgens can be due to benign and malignant tumors; however, they are 
most frequently associated with polycystic ovary syndrome (PCOS) [2, 5, 7].

In a 5-year cohort study performed on girls, acne lesions increased with age and maturation 
was reported. The most common type of lesions was comedone. On the other hand, no ethnic 
differences were observed. The study revealed that the girls who had severe acne had more 
comedone and inflammatory lesions beginning from age 10 and 2.5 years before menarche 
and they had earlier menarche. High levels of serum DHEAS, free and total testosterone sug-
gest that it could be an initiator of severe long-term disease [32].

In general, there is no need to further research prepubertal acne. If there is persistent acne 
that is unresponsive to treatment or findings suggesting androgen excess are detected, 
possible endocrinological abnormalities should be suspected. Tanner stages demonstrat-
ing pubertal development should be measured, a hand film should be taken for bone age, 
and serum-free and total testosterone, DHEAS levels and ratio of LH to FSH should be 
measured [8, 15, 25, 33].

Its differential diagnosis is similar to mid-childhood acne. In addition, the side effects of drugs 
such as corticosteroids and anticonvulsants, prepubertal hidradenitis suppurativa, adenoma 
sebaceum, keratosis pilaris, and inflamed keratin cysts should be considered in the differen-
tial diagnosis [2, 34–36].

2.4.2. Treatment

Nonetheless, data related to acne medications during the preadolescent period are limited. 
Most of the acne drugs are approved for age 12 and above. Its treatment is similar to infantile 
and mid-childhood acne. Topical retinoids (tretinoin 0.04% microsphere gel), benzoyl perox-
ide, and antibiotics can be used in mild to moderate comedonal and inflammatory acne. Oral 
antibiotics and oral isotretinoin may also be required in more severe scar forming lesions. As 
an oral antibiotic, erythromycin and its derivatives, trimethoprim, and cephalexin should be 
preferred. Tetracycline and its derivatives should be avoided, as these agents may produce 
dental enamel staining. Oral contraceptives or antiandrogens such as spironolactone can be 
used for PCOS and low-dose corticosteroids can be used for CAH. However, oral contracep-
tives should be used carefully due to the risk of premature epiphyseal closure [2, 5, 37].

The clinical characteristics of prepubertal acne are summarized in Table 4.
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dental enamel staining. Oral contraceptives or antiandrogens such as spironolactone can be 
used for PCOS and low-dose corticosteroids can be used for CAH. However, oral contracep-
tives should be used carefully due to the risk of premature epiphyseal closure [2, 5, 37].

The clinical characteristics of prepubertal acne are summarized in Table 4.
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Abstract

Occupational and environmental acne is a dermatological disorder associated with
industrial exposure. Polyhalogenated hydrocarbons, coal tar and products, petrol, and
other physical, chemical, and environmental agents are suggested to play a role in the
etiology of occupational acne. The people working in the field of machine, chemistry,
and  electrical  industry  are  at  high  risk.  The  various  occupational  acne  includes
chloracne, coal tar, and oil acne. The most common type in clinic is the comedones, and
it is also seen as papule, pustule, and cystic lesions. Histopathological examination
shows epidermal hyperplasia, while follicular and sebaceous glands are replaced by
keratinized epidermal cells. Topical or oral retinoic acids and oral antibiotics could be
used  in  treatment.  The  improvement  in  working  conditions,  taking  preventive
measures, and education of the workers could eliminate occupational acne as a problem.

Keywords: Chloracne, coal-tar acne, environmental acne, occupational acne, oil acne

1. Introduction

Occupational and environmental acne is a dermatological disorder associated with industrial
exposure. Polyhalogenated hydrocarbons, coal tar and products, petrol, and other physical,
chemical, and environmental agents are suggested to play a role in the etiology of occupational
acne [1]. The people working in the field of machine, chemistry and electrical industry are at
high  risk  [2].  The  various  occupational  acne  includes  chloracne,  coal  tar,  and  oil  acne.
Chloracne is an acneiform eruption that is observed as a result of intoxication with chlorinated
hydrocarbons [3] and clinical signs might be severe [4]. It could also arise due to industrial,
agricultural, and environmental contamination and even due to eating contaminated foods [2].
Oils used in the industry such as cutting oils (paraffin/oil mixtures), tars (pitch and creosote),
and crude petroleum oil (diesel oil) can cause oil and tar acne. Occupational acne is a type of

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
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acne that develops as a result of exposure to insoluble materials causing follicle obstruction.
The most common clinical feature is the open and closed comedones, noninflamed nodules,
and cystic lesions [5]. Histopathological examination shows epidermal hyperplasia, while
follicular and sebaceous glands are replaced by keratinized epidermal cells. [6] In occupational
acne, contact should be prevented in individuals working at high risk. In case of contact, the
chemical agent should be removed. Topical or oral retinoic acids and oral antibiotics could be
used for treatment [7].

2. Classification of occupational acne

2.1. Chloracne

2.1.1. Introduction

Chloracne was first defined by Herxheimer in 1889 [8]. Occupational acne is considered one
of the sensitive indicators of systemic intoxication caused by an exposure to certain halogen-
ated aromatic hydrocarbons called chloracnegen. Although the majority of cases with chlor-
acnegen intoxication are associated with occupational exposure, there are also cases with
chloracnegen intoxication associated with non-occupational exposure to the industrial wastes
and contaminated foods [6].

2.1.2. Etiology

Halogenated aromatic hydrocarbons are the most potent chloracnegen agents [9]. Poly-
chlorinated naphthalenes, polychlorinated biphenyls (PBBs), polychlorinated dibenzofur-
ans (PCDFs), polychlorinated phenols, contaminants of polychlorophenol compounds
(especially herbicides), and chlorinated azo- and azoxybenzene are among the chloracne-
gens [2]. Electrical conductor and insulators, insecticide, fungicide, herbicide, and wood
protectors are the agents that cause chloracne [7]. With the introduction of synthetic resins
in the 1960s, a high incidence of chloracne after the exposure to polychlorinated naphtha-
lenes and PCBs showed a decline. In later years, the majority of cases exposed to chloracne-
gens were caused by accidents [10, 11]. The condition has been recently reported in
chemical industry workers exposed to chloracne chlorophenols [12, 13] and agricultural
workers exposed to pesticides [14].

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), which is the prototype of polyhalogenated
aromatic hydrocarbons is an important cause of chloracne [9]. In the 1970s, chloracne outbreak
occurred in a chemical plant in Austria after the exposure of mostly male workers to TCDD,
and the workplace was closed for cleaning and reconstruction activities to take place [15]. In
1976, an accident occurred in a chemical plant in Seveso (Italy), known as “ICMESA plant
explosion,” and 2 kg TCDD was released to the atmosphere, causing chloracne outbreak which
mostly affected children [11]. In addition, PCBs and PCDFs are other chloracnegens, and PCBs
have been shown to result in direct toxicity by contaminating the cooking oil, and transpla-
cental transmission has also been demonstrated [9]. The largest food pollution of Japan which
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occurred in 1968 and currently known as “Yusho” has developed due to the contamination of
rice bran oil with polychlorinated hydrocarbons, and it is remembered as an intoxication of a
crowd. Although initial analyses failed to detect a chemical substance, biopsy samples
obtained from the fat tissues showed deposition of PCBs [16]. In 1979, the incidence of
chloracne was reported to be 17.5% in 2000 patients with Yucheng disease (oil disease), which
resulted from consuming the food products contaminated by PCBs and PCDFs in Taiwan [17].
Earlier, PCBs have been used frequently as wood preservatives [18].

In modern times, occupational exposure to PCBs often occurs in the fields of construction,
paint, ink, adhesive, paper products [19–21], mining, recycling and waste incineration, and
hydraulic and transformer systems [22]. Furthermore, PCBs have been detected in plasma
and exhaled air in individuals exposed to power transformer oil spilled after an accident
during the shipment of the waste products, and these individuals also suffered from acnei-
form skin lesions [23]. On the other hand, Gawkrodger et al. [24] reported chloracne out-
break in seven chemists working in the pharmaceutical industry exposed to
triazoloquinoxaline, a polycyclic halogenated chemical substance, which was not previously
reported in association with chloracne. In addition, weed killer containing 2,4-dichloro- and
2,4,5-trichlorophenoxyacetic acid and sodium tetrachlorophenate used for the wood preser-
vatives are the other chloracnegens [9].

2.1.3. Pathogenesis

Although cellular and molecular mechanisms still remain to be elucidated, the major effect is
hypoplastic or hyperplastic response of the skin caused by cellular changes triggered by
chloracnegens. Epidermis and infundibulum are also involved. Sebaceous and sweat glands
lose their secretory functions and are replaced by keratinized cells. According to the epidermal
stem cell theory of Panteleyev, chloracnegens activate epidermal stem cells which result in the
transformation of the pilosebaceous unit by accelerating the cellular output [3]. TCDD
demonstrates its biological effect by binding to cytosolic aryl hydrocarbon receptors. Exposure
to TCDD increases keratinocyte proliferation [2].

Genetic studies carried out in patients with chloracne evaluated aryl-hydrocarbon receptor
(AhR), transcription, and downstream genes such as CYP1A1, GSTA1, c-fos, and TGF-α
expression in the epidermis using the real-time PCR method. These studies showed a high
AhR, CYP1A1, GSTA1, and c-fos transactivation in the epidermal tissue associated with long-
term exposure to TCDD and dibenzofuran. Therefore, AhR activation has been suggested to
play an important role in the pathogenesis of the chloracne pathway and that increased activity
might disrupt the normal epidermal cellular proliferation and differentiation [25].

2.1.4. Clinical features

The lesions appear as erythema and edema in the affected areas such as head, neck, malar and
retroauricular, and mandibular areas, extremities, axilla, trunk, hip, and scrotum 2–4 weeks
after exposure [10] and, then, turn into non-inflammatory black and white comedones and
straw-colored cysts, papules (Figures 1 and 2) [24], and nodules within a few days. Pustules,

Occupational Acne
http://dx.doi.org/10.5772/64905

55



non-infectious abscess, and scar formation after healing can be observed in severe cases. In
addition, the lesions can relapse [7, 26, 27] and become generalized. Chloracne has a chronic
disease course, and the severity of the disease is associated with the exposure dose, potency
of the chloracnegen, and individual susceptibility [6]. A correlation has been reported between
half-life and body mass index, body fat mass, TCDD mass, and chloracne response [28].
Systemic symptoms and severe chloracne may occur after the TCDD exposure [9]. Additional
dermatological findings may also present, such as brownish hyperpigmentation of the nails,
hypertrichosis, and hyperpigmentation in the involved areas. Severe cases may exhibit
symptoms of systemic intoxication, such as impaired liver functions, porphyria cutanea tarda,
and peripheral neuropathy [10], while some cases may suffer from fatigue, anorexia, impo-
tence, hyperlipidemia, anemia, arthritis, and ophthalmopathy [29]. Indeed, diagnostic criteria
for Yusho were established after Yusho disaster in Japan, and clinical findings were categorized
as subjective, ocular, dermatological manifestations, and overall symptoms. The most impor-
tant clinical manifestations of this situation have been chloracne and ocular damage [16].

Figure 1. Clinical photograph, showing a combination of small cysts, closed and open comedones, and some inflam-
matory papules.1

1 Reprinted from Wiley, 161,Gawkrodger DJ, Harris G, Bojar RA. Chloracne in seven organic chemists exposed to novel
polycyclic halogenated chemical compounds (triazoloquinoxalines), 939-943, 2009, with permission from John Wiley.
(reproduced with permission of the patient).
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Figure 2. Close up showing small cysts, keratin plugs in pores, and comedones in more detail.2

According to the diagnostic criteria revised in 2004, dermatological manifestations were
reported as acneiform eruptions and pigmentation (Table 1) [30]. It has been suggested that
Yucheng disease manifest with dermatological symptoms, such as hyperpigmentation and nail
changes, similar to chloracne; however, it may also manifest systemic symptoms such as
headache, neuropathy, goiter, arthritis, and anemia [17]. TCDD can stay in the body for many
years due to its high lipophilic characteristic and low metabolic rate [31]. Previous studies
reported a half-life of 7–11 years [32]. The lesions may persist for 15–30 years after the discon-
tinuation of the chloracnegen exposure [28]. In a study that was conducted in Japan, it was
reported that chloracne lesions stay in the body for more than 30 years and are correlated with
the blood levels of hydrocarbon [31]. In addition, TCDD was detected in the plasma of the
victims 20 years after the Seveso accident [11]. On the other hand, systemic toxicity develops
at higher doses than the dose necessary for the development of chloracne. Systemic toxicity is
not generally expected in the absence of chloracne [2]. Chloracne is accepted as a sensitive
marker of systemic absorption [27]. Hence Geusau et al. [33] detected generalized and severe
chloracne lesions together with systemic signs of severe TCDD intoxication and high blood
levels of TCDD in one of two female patients who have chloracne together with TCDD
intoxication, whereas they have detected moderate facial chloracne in spite of high blood levels
of TCDD and systemic signs in the other patient.

2 Reprinted from Wiley, 161,Gawkrodger DJ, Harris G, Bojar RA. Chloracne in seven organic chemists exposed to novel
polycyclic halogenated chemical compounds (triazoloquinoxalines), 939-943, 2009, with permission from John Wiley.
(reproduced with permission of the patient).
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The diagnostic criteria for Yusho have been revised according to some changes in the symptoms and signs, as well as
advances in analytical techniques. The diagnostic criteria for Yusho were revised on October 26, 1972. A supplement
was added to the diagnostic criteria on June 14, 1976, and the concentration of polychlorinated quarterphenyls (PCQs)
in the blood was added to the diagnostic criteria on June 16, 1981. The concentration of 2,3,4,7,8-penta-
chlorodibenzofuran (2,3,4,7,8-PeCDF) was added to the diagnostic criteria on September 29, 2004.

Conditions of the incident

• Proof that Kanemi® rice bran oil contaminated with PCBs was ingested.

• There are also some cases in which PCB is transferred from mothers with Yusho to their children.

• Familial occurrence is also seen in many cases.

Important manifestations

1. Acneiform eruptions

Black comedones seen on the face, buttocks, and other intertriginous sites; comedones with inflammatory
manifestations; and subcutaneous cysts with atheroma-like contents that tend to suppurate.

2. Pigmentation

Pigmentation of the face, palpebral conjunctivae, and nails of both the fingers and the toes (including babies).

3. Hypersecretion by the meibomian glands.

4. Unusual composition and concentration of PCBs in the blood.

5. Unusual concentration of PCQs in the blood (reference 1).

6. Unusual concentration of 2,3,4,7,8-PeCDF in the blood (reference 2).

Symptoms and signs

1. Subjective symptoms

• A feeling of lassitude

• A feeling of heaviness in the head or headache

• Paresthesia of the limbs (abnormal sensation)

• Increased eye discharge

• Cough and sputum

• Inconsistent abdominal pain

• Altered menstruation

2. Objective manifestations

• Manifestations of bronchitis

• Deformation of the nails

• Bursitis

• Increased neutral fat in the serum

• Serum γ-glutamyl transpeptidase (γ-GTP)
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• Decrease of serum bilirubin

• Neonatal small-for-date baby

• Growth retardation and dental abnormality (retarded eruption of permanent teeth)

Reference 1.

The following conclusions have been made in regard to the concentration of PCQs in the blood:

1. ≥0.1 ppb: an abnormally high concentration

2. 0.03–0.09 ppb: the boundary between high and normal concentrations

3. ≤0.02 ppb (detection limit): normal concentration

Reference 2.
The following conclusions have been made in regard to the concentration of 2,3,4,7,8-PeCDF in the blood:

1. ≥50 pg/g lipids: an abnormally high concentration

2. 30–50 pg/g lipids: slightly high concentration

3. ≤30 pg/g lipids: normal concentration

Both age and sex of patients should also be considered.

Notes:

• With reference to the above-mentioned conditions of the incident, symptoms, and manifestations, and taking into
account the age of the examinees and the temporal progress of their illness, a diagnosis is comprehensively made.

• These diagnostic criteria are to be used to determine whether a patient is affected by Yusho, but they do not necessarily
relate to its severity.

• In regard to the abnormal properties of PCBs and the concentrations of PCBs and 2,3,4,7,8-PeCDF in the blood, regional
differences as well as the patient’s occupation should also be considered.

• Measurements should be performed by inspection agencies recognized by the Study Group of Yusho, at which quality
control is carried out.

Table 1. Diagnostic criteria for Yusho (2004)3.

2.1.5. Pathology

Histopathologically, hyperplasia in outer root sheath keratinocytes and the sebaceous canal is
the first sign. Hyperplastic outer root sheath and hyperkeratinized dilated follicle structure
are observed in the proximal part of the infundibulum of the involved hair follicles. Dilated
infundibulum is filled with keratinized cells and comedones consisting of sebum. Sebaceous
glands have disappeared or they have become quite small. Then the wall of the hair follicles
gets thinner and abscess formation develops due to rupture toward dermis (Figure 3).

3. Reprinted from Elsevier, 82, Mitoma C, Uchi H, Tsukimori K, Yamada H, Akahane M, Imamura T, Utani A, Furue M,
Yusho and its latest findings-A review in studies conducted by the Yusho Group, 41-48, 2015, with permission from
Elsevier.
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Furthermore, TCDD has been suggested to be a factor irritating directly the follicular wall and
determining atypical keratinization and squamous metaplasia in the follicle epithelium. The
involution of the sebaceous glands is not a direct chemical effect, but rather a condition
secondary to the follicular obstruction [2]. Hyperpigmentation due to increased melanin
production throughout the epidermis and epithelial basal layer of infundibulum has been
reported [34]. From the perspective of dermatopathology, chloracne must be differentiated
from acne vulgaris, nodular elastosis accompanied by cysts and comedones (Favre-Racouchot
syndrome), acne rosacea, pilar keratosis, lichen planopilaris, chronic discoid lupus erythema-
tosus due to loss of sebaceous glands, and hyperpigmentation in the stratum corneum [35].

Figure 3. Mechanism of chloracne.4

2.1.6. Treatment

Chloracne may resolve gradually after the discontinuation of the chloracnegen exposure. It
often weakly responds to acne medications, such as retinoic acid and antibiotics [10]. Corti-
costeroids, dermabrasion, and electrodessication may yield success to a certain extent.
However, chloracne is resistant to therapy, and therefore, protection is of utmost importance
[6]. Earlier studies attempted to prevent the chloracnegen exposure and facilitate the elimina-
tion from the body. A study evaluated the fecal excretion of chloracnegen using a synthetic
dietary fat substitute called olestra [36]. Another study demonstrated 30-fold higher excretion
of chloracnegen with the use of olestra diet and calorie restriction [37].

4 Reprinted from Elsevier, 32, Yamamoto O, Tokura Y. Photocontact dermatitis and chloracne: two major occupational
and environmental skin diseases induced by different actions of halogenated chemicals, 85-94, 2003, with permission
from Elsevier.
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2.2. Coal-tar acne

2.2.1. Introduction

It is a form of acne due to the obstruction of sebaceous glands by the mixture of coal tar and
keratin products. In a study investigating the frequency of occupational dermatosis in Greece,
coal-tar acne was detected at a rate of 23% in workers exposed to coal tar [38].

2.2.2. Etiology

Coal tar is a fatty fluid that is dark brown-nearly black in color, heavier than water, with a
naphthalene-like odor and a sharp burning taste. This is a by-product that is formed as a result
of distillation of hazardous parts of coal. Creosote, coal tar pitch, crude naphthalene, and
anthracene oils are by-products of the coal tar, which are produced from the crude coal tar.
The exposure to the coal tar occurs through the respiratory and gastrointestinal tract and the
skin [39]. Coal tar was first described by Becker and Serle in 1681 and its use in dermatological
disorders was described by Fishel in 1894 and Goeckerman in 1925 [40]. Coal tar has anti-
inflammatory, antimicrobial, antipruritic, and cytostatic effects. Thus, for many decades it has
been used as a therapeutic agent in skin diseases, such as psoriasis, and dermatitis [41]. Coal
tar is also found in the cleansing bars, creams, gels, lotions, ointments, shampoo, and topical
solutions and suspensions [39]. On the other hand, occupation exposure is more prevalent than
the therapeutic use and environmental contamination [41]. Coal tar has a wide range of utility
in the industry and consumer products. It is used as fuel in open-hearth furnaces and furnaces
in the steel industry, as a filling material ingredient of surface coating formulations, and as a
modifying agent ingredient of epoxy-resin surface coatings [39]. Coal tar exposure usually
occurs in the workers working in the aluminum production, iron-steel foundry, coal tar
refinery, road paving, roof insulation, pavement seal coat, and wood surfaces painting [41].
Pitch and creosote is the cause of acne in canal and road construction workers [42].

2.2.3. Pathogenesis

Keratin production and accumulation of fatty fluid causes an obstruction of the sebaceous
glands and comedone formation [4, 41].

2.2.4. Clinical features

Clinically it is observed as multiple open comedones in the malar regions of face. The absence
of inflammatory papules and pustules and big yellow cysts helps to distinguish coal-tar acne
from oil acne and chloracne. It is found in extensor surfaces of the arm and thigh. The rela-
tionship between coal tar and periorbital comedone formation was investigated and the
incidence of periorbital comedone was found to be high in people exposed to coal tar [1]. Under
the experimental conditions, crude coal tar was reported to show a higher inflammatory
activity in white-skinned people, compared to dark-skinned individuals [42].
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2.2.5. Pathology

There are widened follicular openings with keratin plugs and there are no inflammatory
infiltrates [1].

2.2.6. Treatment

Cold tar workers were recommended avoiding hazardous doses of exposure, wearing
protective work clothes, receiving training on how to keep their outwear clean with frequent
changing, using cleansers at the work places, working equipped with shower facilities and
ventilation systems, and undergoing regular health check-ups. The response to therapy was
reported to be higher than in chloracne [4, 41].

2.3. Oil acne

2.3.1. Introduction

Oil acne is the most common type of occupational acne [5]. Oil acne generally develops in
people exposed to oil circuit breaker. It is due to oil circuit breaker and grease oil, which are
used to lubricate machines and which contains a great amount of insoluble mineral oil [1].

2.3.2. Etiology

It has been reported in people working in prefabricated panel production and automobile
industry. Moreover, it may be seen in ready-mixed concrete workers [43–45], engine drivers,
roofers, and coal tar workers [10]. Oil mist exposure has also been considered a cause of
industrial disease, and cases with systemic toxicity and oil acne have been reported to be
associated with the oil mist exposure [46]. Actors (applying stage make-up), fast food workers
(McDonald ’s acne), and workers applying the facemask for prolonged periods as part of their
jobs are at a high risk [10]. Acneiform eruptions have been reported more commonly in marine
engineers, compared to other seaman due to the use of solvents or diesel fuel as hand cleanser
and these lesions were reported to be oil acne [47]. Impure paraffin oil mixtures are the most
widely available acnegen chemical agents with a varying degree of acnegen capacity, and they
are commonly used in the engineering industry [43]. Brilliantine also shows similar effects due
to their impure paraffin content [48]. Concentrated mineral oil is an emulsion of water in oil
containing additives and water. Organic substrates and water constitute an environment for
the microbial growth. Bacterial endotoxins are, therefore, commonly detected in the metal-
working fluids. In a study investigating the exposure to biological agents in the metal-working
industry in Poland, oil acne on the skin was reported [49].

2.3.3. Pathogenesis

Exposure to solvent and grease oil causes mechanical obstruction of pilosebaceous glands and
development of oil acne [50].
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2.3.4. Clinical features

The typical clinical findings are comedones and inflammatory lesions in the dorsum of hand
and extensor surfaces of the arm [1]. Clinical presentation, lesions often involve the arms and
thighs, depending on the contact of the oily clothing [10]. Of note, males are more commonly
affected than females. This can be attributed to the fact that males are more vulnerable to the
development of acne [43]. Comedones and cysts associated with the use of brilliantine can be
found in the retroauricular area, unless rinsed thoroughly [48].

2.3.5. Treatment

Previous studies reported favorable effects of systemic tetracycline for 3 months in the
treatment of oil acne [51]. Isotretinoin is also known to play a role in the treatment of oil acne
[52]. Avoiding contact is also one of the prevention methods. [1] Additional protective
measures may be also required, such as changing cloths and showering on a daily basis.
Improved engineering control with a more emphasis on personal hygiene, there has been a
decline in the prevalence of oil acne, compared to the previous years [10].

3. Conclusion

When the literature was reviewed, it was observed that occupational acne is a severe health
problem. The improvement in working conditions, taking preventive measures, and educa-
tion of the workers could eliminate occupational acne as a problem.
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Abstract

Acne vulgaris is a chronic skin disease that develops as a result of inflammation of the 
pilosebaceous unit and its clinical course is accompanied by comedones, papules, pus-
tules, and nodules. A different group of disease, which is clinically similar to acne vul-
garis but with a different etiopathogenesis, is called “acneiform eruptions.” In clinical 
practice, acneiform eruptions are generally the answer of the question “What is it if it 
is not an acne?” Although there are many subgroups of acneiform eruptions, drugs are 
common cause of acneiform eruptions, and this clinical picture is called “drug-induced 
acneiform eruptions.” There are many drugs related to drug-induced acneiform erup-
tions. Discontinuation of the responsible drug is generally sufficient in treatment.

Keywords: acne, cutaneous toxicities, drug-induced acneiform eruptions, papule, 
pustule

1. Introduction

Acne vulgaris (AV) is a common skin disorder, which affects almost 85% of individuals at 
least once during life time. Although AV pathogenesis is not clearly understood yet, increased 
sebum production, androgenic hormones, ductal hypercornification, abnormal follicular 
keratinization, colonization of Propionibacterium acnes (P. acnes), inflammation, and genetic 
predisposition have been suggested to enhance acne development [1]. Hormone-dependent 
juvenile acne is a more frequent subgroup, whereas mechanical and drug-induced acne, 
which are particularly encountered during adulthood, are associated with the drug use with 
specific underlying etiologies [2]. Acneiform drug eruptions represent a sudden-onset clinical 
presentation, where the comedones are not observed [3]. In addition, several drugs are known 
to be associated with drug-induced acneiform eruptions [2]. In particular, the development of 
new target-specific molecules in the field of oncology, such as epidermal growth factor recep-
tor inhibitors (EGFRIs), has caused a significant increase in the incidence of drug-induced 
acneiform eruptions [2, 3] (Table 1).

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Hormones
Oral, inhaled and topical corticosteroids
Corticotropin (ACTH)
Androgens and anabolic steroids
Hormonal contraceptives
Other hormones
- thyroid-stimulating hormone, danazol

Neuropsychotherapeutic drugs
Tricyclic antidepressants
- amineptine, maprotiline, imipramine
Lithium
Antiepileptic drugs
- hydantoin, lamotrigine, valproate
Antipsychotics
- aripiprazole
Selective serotonin reuptake inhibitors

Vitamins
Vitamins B1, B6, B12

Cytostatic drugs
Dactinomycin (actinomycin D)
Azathioprine, thiourea, thiouracil

Immunomodulating molecules
Cyclosporine
Sirolimus
Others
- topical tacrolimus, topical pimecrolimus

Antituberculosis drugs
Isoniazid
Rifampin (rifampicin)
Ethionamide

Halogens
Iodine
Bromine
Chlorine
Others: halothane gas, lithium

Miscellaneous
Dantrolene
Quinidine
Antiretroviral therapy

Targeted therapies
Epidermal growth factor receptor inhibitors (EGFR inhibitors)
- erlotinib, gefitinib, imatinib
Epidermal growth factor receptor monoclonal antibodies
- cetuximab, panitimumab
TNFa inhibitors
- lenalidomide
- infliximab
- adalimumab
G-CSF
- vemurafenib
VEGF inhibitor
- bevacizumab
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This section focuses on the clinical and differential characteristics of drug-induced acneiform 
eruptions, drugs which may lead to this clinical presentation, and available treatment options 
in the light of the current literature data.

2. Clinical characteristics

Drug-induced acneiform eruptions may occur during childhood, adolescence, and adult-
hood. Lesions typically appear as monomorphic inflammatory papules and pustules with-
out comedones or cysts. Papulopustular lesions usually involve on face, neck, chest, and 
upper back and can be extended beyond the seborrheic regions. Although its clinical 
course varies between patients, it often has a rapid onset without a previous history of AV. 
Papulopustular lesions may develop weeks, months, or even years after the exposure of 
the causative drug, and lesions may continue developing after the discontinuation of the 
drug [1].

3. Diagnosis and differential diagnosis

Diagnosis of drug-induced acneiform eruptions is not based on any specific criteria. There are 
some clue signs that may be helpful to differentiate this clinical presentation from other com-
mon skin disorders. The sudden onset and monomorphic character of the lesions, absence of 
comedones in general, the presence of lesions in regions where acne vulgaris is not commonly 
present, the development of lesions at any age, and the presence of a history of drug use were 

Proteasome inhibitor
- bortezomib
Histone deacetylase inhibitor
- vorinostat

EGF, epidermal growth factor; TNFa, tumor necrosis factor-a; VEGF, vascular endothelial growth factor; G-CSF, 
granulocymte colony-stimulating factor.

Table  1. Drugs involved with acneiform eruptions [2, 3].

Drug-induced acneiform eruption Acne vulgaris

Monomorphic lesions, lacking comedones, and cysts Polymorphic lesions (mixture of comedones, papules, 
pustules, and nodules)

Extension beyond seborrheic areas to include arms, trunk, 
lower back, and genitalia

Localized primarily on seborrheic areas such as the face 
and neck and, less commonly, on the upper back, chest, 
and arms

Unusual age of onset (>30 years) Commonly affects adolescents and young adults

Resistant to conventional acne therapy Improves with conventional acne therapy

Onset after drug initiation, improvement after drug 
withdrawal, or reoccurrence after drug reintroduction

No causative relationship to drug therapy

Table 2. Drug-induced eruption versus acne vulgaris [1, 3].
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the supportive findings and clues in the diagnosis. Clues, which may be helpful to differenti-
ate drug-induced acneiform eruptions from idiopathic AV, are summarized in [1, 3] (Table 2). 
Cases that represent a diagnostic challenge should be extensively questioned with respect to 
medication history. Temporal relationship between the medication use and symptom devel-
opment is very important [1].

4. Causative drugs

4.1. Hormones

4.1.1. Corticosteroids and corticotropin (ACTH)

Acneiform eruptions induced by the use of systemic corticosteroid therapy were first reported 
in 1950s [4]. Exposure to oral [5], intravenous [6], topical [7], or inhaled steroids [8] may result 
in or exacerbate acne. Development of acneiform eruptions was also reported during cortico-
tropin therapy [4]. Perioral dermatitis is a form of acneiform eruption which may develop due 
to the use of highly potent corticosteroids [9]. During topical corticosteroid therapy, lesions 
may not become erythematous due to anti-inflammatory effects [10]. Although lesions usu-
ally begin to develop within 2–4 weeks after the administration of oral or topical therapy, they 
can also occur months after therapy. Dose, treatment duration, and individual factors may 
significantly affect the clinical presentation [2].

4.1.2. Androgens and anabolic steroids

Androgens are known to cause adolescent acne by increasing sebum production. In addi-
tion, anabolic steroids and synthetic hormones, which have androgenic activities, also show 
similar effects on the sebaceous glands [11]. In a prospective study, Fyrand et al. reported an 
increase in acne incidence among puberty-aged men who were administered injectable tes-
tosterones [12]. Moreover, acne incidence was also found to be higher among young athletes 
who used anabolic-androgenic steroids to increase their muscle mass [13].

4.1.3. Hormonal contraceptives

Hormonal contraceptive agents may induce or exacerbate acne [2]. A previous study demon-
strated that 26.8% of women who used contraceptive etonogestrel implants developed acne 
[14]. Additionally, women who were placed a levonorgestrel-releasing intrauterine device 
developed inflammatory papular lesions 1–3 months after the procedure [15].

4.1.4. Other hormones

Danazole is an antigonadotropic agent used for the treatment of hereditary angioedema and 
endometriosis. Development of nodulocystic acneiform eruptions was previously reported 
in a woman receiving danazole therapy for endometriosis [16]. Thyroid hormones may also 
rarely result in acneiform eruptions [17].
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4.2. Neuropsychotherapeutic drugs

4.2.1. Tricyclic antidepressants

Amineptine is one of the non-halogenated tricyclic antidepressants [3]. Amineptine may 
result in fast-onset acneiform eruptions consisting of macrocysts, microcysts, and comedo-
nes, months or even years after the initiation of therapy. Severity of the disease is associated 
with the dose and duration of therapy [1]. Amineptine and its products were found in serum, 
urine, and skin lesions, and histological examinations showed that this drug may result in 
keratinizing syringometaplasia in neutrophilic eccrine hidradenitis and eccrine glands [18]. 
Tricyclic antidepressants such as maprotiline [19] and imipramine [20] are also known to 
cause acneiform eruptions.

4.2.2. Lithium

Lithium may cause fast-onset inflammatory lesions on face, axilla, groin, arms, and but-
tocks. Lithium-induced acneiform eruptions are more frequent among men and those 
who are allergic to lithium [21]. No direct relation was shown between dose and severity 
of acne [2].

4.2.3. Antiepileptic drugs

Several antiepileptic agents were associated with drug-induced acneiform eruptions [22]. 
Phenytoin [23], phenobarbital [22], lamotrigine [24], and valproate [25] are among the most 
common culprits. Phenytoin is known to cross the placenta and cause acneiform eruptions, 
hypertrichosis, and gingival hyperplasia [26].

4.2.4. Aripiprazole

Aripiprazole is a quinolone-derivative antipsychotic drug reported to induce papulopustular 
acneiform eruptions in a patient 10 days after the initiation of therapy [27].

4.2.5. Selective serotonin reuptake inhibitors

All selective serotonin reuptake inhibitors may cause acneiform eruptions on the face, chest, 
and back regions [28].

4.3. Vitamins B1, B6 and B12

Acneiform eruptions characterized by monomorphic inflammatory papulopustular lesions 
localized on the face, neck, upper back, and chest may develop after the B12 injection therapy 
(Figure 1). The reason underlying this is not clearly known; however, the lesions rapidly 
disappear after discontinuation of therapy [29]. Several pharmaceutical preparations also 
involve B1 (thiamine) and B6 (pyridoxine) vitamins in addition to B12; however, the role of 
these vitamins in acne development is still controversial [30].
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4.4. Cytostatic drugs

4.4.1. Dactinomycin (actinomycin D)

Dactinomycin, which is a cytostatic agent used for the treatment of solid tumors, is asso-
ciated with acneiform eruptions. It has been suggested that dactinomycin induces acnei-
form eruptions through its androgenic characteristics and due to its tricyclic chemical 
structure [1].

4.4.2. Other cytostatic drugs

Although rare, the development of acneiform eruptions has been reported upon the use of 
azathioprine, thiourea, and thiouracil; however, the evidences are still limited [17, 31].

4.5. Immunomodulating molecules

4.5.1. Cyclosporine

Cyclosporine is an agent with immunosuppressive activity and it is used after organ trans-
plantations and for the treatment of psoriasis and atopic dermatitis. As it is a highly lipophilic 

Figure 1. Inflammatory papules and pustules on the chest after B12 injection treatment.
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compound, it can potentially be eliminated through the sebaceous glands. Therefore, cyclo-
sporine may induce acneiform eruptions by affecting the pilosebaceous follicle structures and 
functions [31].

4.5.2. Sirolimus

Sirolimus, which is an immunosuppressive agent used after organ transplantation, can result 
in acneiform eruptions [32]. Sirolimus is believed to exert toxic effects on the follicles and alter 
the sebum production and synthesis of epidermal growth factor (EGF) and testosterone [33]. 
In a prospective French study, acneiform eruptions were reported to develop in 46% of 80 
patients who received sirolimus therapy after renal transplantation [34].

4.5.3. Other immunosuppressants

Tacrolimus is a macrolide-derivative agent with T-cell-specific immunosuppressive activity 
which blocks calcineurin-dependent-signaling pathway [3]. There are case reports indicating 
that topical tacrolimus [33] and pimecrolimus [35] may result in facial acne.

4.6. Antituberculosis drugs

4.6.1. Isoniazid

Isoniazid (INH) is a drug used for the treatment and prophylaxis of tuberculosis. It has been 
suggested that INH more easily results in acneiform eruptions in patients with slow acety-
lating phenotypes [3]. Previously, it was reported that acneiform eruptions might develop 
even 18 months after the initiation of INH therapy and disappear after the discontinuation of 
therapy [36].

4.6.2. Rifampin

Rifampin was associated with chronic papular acneiform eruption on face, neck, and shoul-
ders, developing 5 weeks after the treatment onset [37].

4.6.3. Ethionamide

Ethionamide is an agent used for the treatment of tuberculosis and is associated with the 
development of acneiform eruptions [38].

4.7. Halogens

Iodide, bromide, and chloride are salt-containing drugs which result in iododerma, bromo-
derma, and chloracne, respectively. It has been suggested that these drugs induce acneiform 
eruptions, as they are eliminated via the sebaceous glands [1].

4.7.1. Iodine

Iododerma refers to the skin eruptions with different clinical presentations caused by oral, 
parenteral, or topical iodine administration. Lesions may be papular, pustular, or vesicular; 
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however, lesions in erythematous, urticarial, froncular, carbuncular, bullous, vegetating, or 
ulcerating pattern can also develop. Lesions beginning at the seborrheic region may extend 
to the whole body [2]. Although its pathogenesis is unclear, a suggested hypothesis includes 
cell-mediated immune reaction, inflammatory mechanism, and idiosyncratic reactions [39]. 
Discontinuation of iodine therapy is usually sufficient for symptom recovery, whoever the 
use of topical or systemic steroids may become necessary in severe cases [1].

4.7.2. Bromine

Although bromoderma is defined as skin eruption induced by bromide intoxication, it is 
not frequent at the present. Currently, several drugs with sedative, anti-epileptic, spasmo-
lytic, and expectorant activities contain bromide [40]. Bromoderma clinically resembles 
iododerma and its diagnosis can be confirmed by increased serum and urine levels of 
bromide [41].

4.7.3. Chlorine

Acneiform eruptions may develop due to skin exposure to various industrial chemicals such 
as chlorine and its products. These chlorinated hydrocarbons result in the presentation of 
chloracne, characterized by cysts, pustule, folliculitis, and comedones [42]. Lesions usually 
develop at malar, postauricular, axillary, and genital regions, but may extend further [43]. 
Chloracne treatment is challenging and the lesions may continue developing for a long time, 
despite avoiding exposure to chloracnegens [44].

4.7.4. Other agents

Halothane is a halogenated anesthetic gas which may result in the development of acne-
iform eruptions hours after the exposure of the administering health-care personnel [45].

Lithium was reported to cause halogenoderma-like eruptions in two cases in the literature [46].

4.8. Miscellaneous drugs

Dantrolene is a muscle relaxant used for the treatment of spasticity. Dantrolene-induced acne 
consists of blackheads, comedones, cysts, pustules, and abscesses, and the lesions particularly 
localize at the regions exposed to chronic trauma, friction, and pressure. Lesions may develop 
6 months to 4 years after the treatment onset [1].

Quinidine [47] and antiretroviral therapy [48] were also reported to cause acneiform eruptions.

4.9. Targeted therapies

Targeted therapies refer to a special group of medicines interacting with specific key mol-
ecules that play roles in the pathophysiology of inflammatory and tumoral diseases. This 
group of therapeutic agents includes tyrosine kinase inhibitors such as gefitinib, erlotinib, and 
imatinib, monoclonal antibodies such as cetuximab, panitumumab, and infliximab, soluble 
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antibodies such as etanercept, transcription modulators such as vorinostat, and proteosome 
inhibitors such as bortezomib [2].

Epidermal growth factor receptor (EGFR) inhibitors are chemotherapeutic agents used for the 
treatment of specific cancer types. Rapidly developing acneiform eruption has been a hallmark 
of EGFR inhibitor therapy [49]. Based on previously published series, 60–100% of patients 
receiving EGFR inhibitor therapy develop acneiform eruptions [49–52]. Monoclonal antibod-
ies targeting EGFR, such as panitimumab, may also cause acneiform eruptions (Figure 2). 
Patients with a previous history of adolescent acne or folliculitis are more prone to acneiform 
eruptions and lesions commonly develop after the first cycle of therapy. Inflamed papules and 
pustules, accompanied by itching in seborrheic regions, are characteristic findings [3]. The devel-
opment of acneiform eruptions after the EGFR inhibitor therapy was suggested to be a prognostic 
factor indicating good treatment response [53]. Incidence and severity of acneiform eruption 
are dose-dependent. Tetracycline derivatives may be used to control severe lesions [3].

Tumor necrosis factor (TNF) inhibitors are particularly used for the treatment of autoimmune 
disorders and they may also induce acneiform eruptions. Among this class of drugs, inflix-
imab was the agent most frequently associated with acneiform eruptions [54]. The devel-
opment of acneiform eruptions was also reported in a male patient receiving adalimumab 
therapy due to Crohn’s disease [55]. In addition, lenalidomide, a thalidomide derivative, was 
demonstrated to be associated with acneiform eruptions due to its anti-TNF activity [56].

5. Treatment

Drug-induced acneiform eruptions are usually well tolerated. The most important step of 
treatment is identification of the causative drug and discontinuation of treatment, whenever 
possible. Conventional acne therapy may be used, if the treatment cannot be discontinued; 
however, treatment resistance is a common concern. Oral antibiotics such as doxycycline can 
be used in moderate and severe cases. In more severe cases, oral isotretinoin may also be used 
under close monitoring and by avoiding potential drug interactions [1].

Figure 2. Severe acneiform eruption on the chest during therapy with panitimumab for metastatic colon cancer.
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6. Conclusion

Drug-induced acneiform eruptions are frequently seen side effects, and it is difficult to pre-
vent them. It should be kept in mind that many drugs could cause drug-induced acneiform 
eruptions in clinical practice, and it is important to obtain a detailed history of drug use in 
suspected cases for appropriate follow-up and treatment approach.

Author details

Emin Özlü1 and Ayşe Serap Karadağ2*

*Address all correspondence to: karadagaserap@gmail.com

1 Department of Dermatology, Kayseri Research and Training Hospital, Kayseri, Turkey

2 Department of Dermatology, School of Medicine, Istanbul Medeniyet University, Istanbul, 
Turkey

References

[1] Christopher P Schiavo, Carol W Stanford. Acne and Drug Reactions. In: John C Hall, 
Brian J Hall, eds. Cutaneous Drug Eruptions Diagnosis, Histopathology and Therapy. 
1st ed. Springer-Verlag, London, 2015; pp. 157–166. doi: 10.1007/978-1-4471-6729-7_15.

[2] Du Thanh A, Kluger N, Bensalleh H, et al. Drug-induced acneiform eruption. Am J Clin 
Dermatol. 2011;12(4):233–45. doi: 10.2165/11588900-000000000-00000.

[3] Ha K Do, Navid E, Wolverton ES. Drug Induced Acneiform Eruptions. In: Zeichner 
Joshua A, ed. Acneiform Eruptions in Dermatology. 1st ed. New York, NY: Springer-
Verlag 2014; pp. 389–404. doi 10.1007/978-1-4614-8344-1_54.

[4] Brunner MJ, Riddell Jr JM, Best WR. Cutaneous side effects of ACTH cortisone and preg-
nenolone therapy. J Invest Dermatol. 1951;16:205–10. PMID: 14841382

[5] Clementson B, Smidt AC. Periorificial dermatitis due to systemic corticosteroids in 
children: report of two cases. Pediatric Dermatol. 2012;29:331–2. doi: 10.1111/j.1525-
1470.2011.01651.x. Epub 2011 Nov 28.

[6] Fung MA, Berger TG. A prospective study of acute-onset steroid acne associated with 
administration of intravenous corticosteroids. Dermatology. 2000;200:43–4. doi: 18314

[7] Plewig G, Kligman AM. Induction of acne by topical steroids. Arch Dermatol Forsch. 
1973;247:29–52. PMID: 4270567

[8] Monk B, Cunliffe WJ, Layton AM, et al. Acne induced by inhaled corticosteroids. Clin 
Exp Dermatol. 1993;18:148–50. PMID: 8481992

Acne and Acneiform Eruptions78



6. Conclusion

Drug-induced acneiform eruptions are frequently seen side effects, and it is difficult to pre-
vent them. It should be kept in mind that many drugs could cause drug-induced acneiform 
eruptions in clinical practice, and it is important to obtain a detailed history of drug use in 
suspected cases for appropriate follow-up and treatment approach.

Author details

Emin Özlü1 and Ayşe Serap Karadağ2*

*Address all correspondence to: karadagaserap@gmail.com

1 Department of Dermatology, Kayseri Research and Training Hospital, Kayseri, Turkey

2 Department of Dermatology, School of Medicine, Istanbul Medeniyet University, Istanbul, 
Turkey

References

[1] Christopher P Schiavo, Carol W Stanford. Acne and Drug Reactions. In: John C Hall, 
Brian J Hall, eds. Cutaneous Drug Eruptions Diagnosis, Histopathology and Therapy. 
1st ed. Springer-Verlag, London, 2015; pp. 157–166. doi: 10.1007/978-1-4471-6729-7_15.

[2] Du Thanh A, Kluger N, Bensalleh H, et al. Drug-induced acneiform eruption. Am J Clin 
Dermatol. 2011;12(4):233–45. doi: 10.2165/11588900-000000000-00000.

[3] Ha K Do, Navid E, Wolverton ES. Drug Induced Acneiform Eruptions. In: Zeichner 
Joshua A, ed. Acneiform Eruptions in Dermatology. 1st ed. New York, NY: Springer-
Verlag 2014; pp. 389–404. doi 10.1007/978-1-4614-8344-1_54.

[4] Brunner MJ, Riddell Jr JM, Best WR. Cutaneous side effects of ACTH cortisone and preg-
nenolone therapy. J Invest Dermatol. 1951;16:205–10. PMID: 14841382

[5] Clementson B, Smidt AC. Periorificial dermatitis due to systemic corticosteroids in 
children: report of two cases. Pediatric Dermatol. 2012;29:331–2. doi: 10.1111/j.1525-
1470.2011.01651.x. Epub 2011 Nov 28.

[6] Fung MA, Berger TG. A prospective study of acute-onset steroid acne associated with 
administration of intravenous corticosteroids. Dermatology. 2000;200:43–4. doi: 18314

[7] Plewig G, Kligman AM. Induction of acne by topical steroids. Arch Dermatol Forsch. 
1973;247:29–52. PMID: 4270567

[8] Monk B, Cunliffe WJ, Layton AM, et al. Acne induced by inhaled corticosteroids. Clin 
Exp Dermatol. 1993;18:148–50. PMID: 8481992

Acne and Acneiform Eruptions78

[9] Cohen HJ. Perioral dermatitis. J Am Acad Dermatol. 1981;4:739–40. PMID: 6453885

[10] Wells K, Brodell RT. Topical corticosteroid “addiction”. A cause of perioral dermatitis. 
Postgrad Med. 1993;93:225–30. PMID: 8460079

[11] Scott III MJ, Scott AM. Effects of anabolic-androgenic steroids on the pilosebaceous unit. 
Cutis. 1992;50:113–6. PMID: 1387354

[12] Fyrand O, Fiskaadal HJ, Trygstad O. Acne in pubertal boys undergoing treatment with 
androgens. Acta Derm Venereol. 1992;72:148–9. PMID: 1350406

[13] Melnik B, Jansen T, Grabbe S. Abuse of anabolic-androgenic steroids and bodybuild-
ing acne: an underestimated health problem. J Dtsch Dermatol Ges. 2007;5:110–7. doi: 
10.1111/j.1610-0387.2007.06176.x

[14] Yildizbas B, Sahin HG, Kolusari A, et al. Side effects and acceptability of Implanon: 
a pilot study conducted in eastern Turkey. Eur J Contracept Reprod Health Care 
2007;12:248–52. doi: 10.1080/13625180701442228

[15] Ilse JR, Greenberg HL, Bennett DD. Levonorgestrel-releasing intrauterine system and 
new- onset acne. Cutis. 2008;82:158. PMID: 18792549

[16] Greenberg RD. Acne vulgaris associated with antigonadotropic (Danazol) therapy. 
Cutis. 1979;24:431–3. PMID: 159808

[17] Bedane C, Souyri N. Induced acne. Ann Dermatol Venereol 1990;117:53–8. PMID: 
2138865

[18] Huet P, Dandurand M, Joujoux JM, et al. Acne induced by amineptin: adnexal toxi-
derma. Ann Dermatol Venereol 1996;123:817–20. PMID: 9636770

[19] Ponte CD. Maprotiline induced acne. Am J Psychiatry 1982;139:141. PMID: 6459743

[20] Ossofsky J. Amenorrhea in endogenous depression. Int Pharmacopsychiatry 1974;9:100–8. 
PMID: 4850494

[21] Yeung CK, Chan HH. Cutaneous adverse effects of lithium: epidemiology and manage-
ment. Am J Clin Dermatol 2004;5:3–8. PMID: 14979738

[22] Hesse S, Berbis P, Lafforgue P, et al. Acne and enthesiopathy during anti-epileptic treat-
ment. Ann Dermatol Venereol. 1992;119:655–8. PMID: 1285592

[23] Jenkins RB, Ratner AC. Diphenylhydantoin and acne. New Engl J Med. 1972;287:148. 
doi: 10.1056/NEJM197207202870314

[24] Nielsen JN, Licht RW, Fogh K. Two cases of acneiform eruption associated with lamotrig-
ine. J Clin Psychiatry. 2004;65:1720–2. PMID: 15641879

Drug-Induced Acneiform Eruptions
http://dx.doi.org/10.5772/65634

79



[25] Joffe H, Cohen LS, Suppes T, et al. Valproate is associated with new-onset oligoamen-
orrhea with hyperandrogenism in women with bipolar disorder. Biol Psychiatry. 
2006;59:1078–86. doi: 10.1016/j.biopsych.2005.10.017

[26] Norris JF, Cunliffe WJ. Phenytoin-induced gum hypertrophy improved by isotretinoin. 
Int J Dermatol. 1987;26:602–3. PMID: 2965113

[27] Mishra B, Praharaj SK, Prakash R, et al. Aripiprazole-induced acneiform eruption. 
Gen Hosp Psychiatry 2008;30:479–81. doi: 10.1016/j.genhosppsych.2008.02.004. Epub 
2008 Jul 23

[28] Warnock JK, Morris DW. Adverse cutaneous reactions to antidepressants. Am J Clin 
Dermatol 2002;3:329–39. PMID: 12069639

[29] Dupre´ A, Albarel N, Bonafe JL, et al. Vitamin B-12 induced acnes. Cutis 1979;24:210–1. 
PMID: 157854

[30] Sheretz EF. Acneiform eruption due to ‘megadose’ vitamins B6 and B12. Cutis 
1991;48:119–20. PMID: 1834437

[31] Schmoeckel C, von Liebe V. Acneiform exanthema caused by azathioprine [in German]. 
Hautarzt 1983;34:413–5. PMID: 6225752

[32] Fidan K, Kandur Y, Sozen H, et al. How often do we face side effects of sirolimus 
in pediatric renal transplantation? Transplant Proc. 2013;45:185–9. doi: 10.1016/j.
transproceed.2012.08.005.

[33] Bakos L, Bakos RM. Focal acne during topical tacrolimus therapy for vitiligo. Arch 
Dermatol. 2007;143:1223–4. doi: 10.1001/archderm.143.9.1223

[34] Mahe´ E, Morelon E, Lechaton S, et al. Cutaneous adverse events in renal transplant 
recipients receiving sirolimus-based therapy. Transplantation 2005;79:476–82. PMID: 
15729175

[35] Li JC, Xu AE. Facial acne during topical pimecrolimus therapy for vitiligo. Clin Exp 
Dermatol 2009;34: e489–90. doi: 10.1111/j.1365-2230.2009.03556.x.

[36] Oliwiecki S, Burton JL. Severe acne due to isoniazid. Clin Exp Dermatol 1988;13:283–4. 
PMID: 2977579

[37] Nwokolo U. Acneiform lesions in combined rifampicin treatment in Africans [letter]. Br 
Med J 1974;3:473. PMID: 4137745

[38] Levantine A, Almeyda J. Cutaneous reactions to antituberculosis drugs. Br J Dermatol 
1972;86:651–5. PMID: 4114691

[39] Inman P. Proceedings: iododerma. Br J Dermatol 1974;91:709–11. PMID: 4451645

Acne and Acneiform Eruptions80



[25] Joffe H, Cohen LS, Suppes T, et al. Valproate is associated with new-onset oligoamen-
orrhea with hyperandrogenism in women with bipolar disorder. Biol Psychiatry. 
2006;59:1078–86. doi: 10.1016/j.biopsych.2005.10.017

[26] Norris JF, Cunliffe WJ. Phenytoin-induced gum hypertrophy improved by isotretinoin. 
Int J Dermatol. 1987;26:602–3. PMID: 2965113

[27] Mishra B, Praharaj SK, Prakash R, et al. Aripiprazole-induced acneiform eruption. 
Gen Hosp Psychiatry 2008;30:479–81. doi: 10.1016/j.genhosppsych.2008.02.004. Epub 
2008 Jul 23

[28] Warnock JK, Morris DW. Adverse cutaneous reactions to antidepressants. Am J Clin 
Dermatol 2002;3:329–39. PMID: 12069639

[29] Dupre´ A, Albarel N, Bonafe JL, et al. Vitamin B-12 induced acnes. Cutis 1979;24:210–1. 
PMID: 157854

[30] Sheretz EF. Acneiform eruption due to ‘megadose’ vitamins B6 and B12. Cutis 
1991;48:119–20. PMID: 1834437

[31] Schmoeckel C, von Liebe V. Acneiform exanthema caused by azathioprine [in German]. 
Hautarzt 1983;34:413–5. PMID: 6225752

[32] Fidan K, Kandur Y, Sozen H, et al. How often do we face side effects of sirolimus 
in pediatric renal transplantation? Transplant Proc. 2013;45:185–9. doi: 10.1016/j.
transproceed.2012.08.005.

[33] Bakos L, Bakos RM. Focal acne during topical tacrolimus therapy for vitiligo. Arch 
Dermatol. 2007;143:1223–4. doi: 10.1001/archderm.143.9.1223

[34] Mahe´ E, Morelon E, Lechaton S, et al. Cutaneous adverse events in renal transplant 
recipients receiving sirolimus-based therapy. Transplantation 2005;79:476–82. PMID: 
15729175

[35] Li JC, Xu AE. Facial acne during topical pimecrolimus therapy for vitiligo. Clin Exp 
Dermatol 2009;34: e489–90. doi: 10.1111/j.1365-2230.2009.03556.x.

[36] Oliwiecki S, Burton JL. Severe acne due to isoniazid. Clin Exp Dermatol 1988;13:283–4. 
PMID: 2977579

[37] Nwokolo U. Acneiform lesions in combined rifampicin treatment in Africans [letter]. Br 
Med J 1974;3:473. PMID: 4137745

[38] Levantine A, Almeyda J. Cutaneous reactions to antituberculosis drugs. Br J Dermatol 
1972;86:651–5. PMID: 4114691

[39] Inman P. Proceedings: iododerma. Br J Dermatol 1974;91:709–11. PMID: 4451645

Acne and Acneiform Eruptions80

[40] Maffeis L, Musolino MC, Cambiaghi S. Single-plaque vegetating bromoderma. J Am 
Acad Dermatol 2008;58:682–4. doi: 10.1016/j.jaad.2007.08.011.

[41] Arditti J, Follana J, Bonerandi JJ, et al. Bromide vegetating skin diseases after treat-
ment by a bromocalcic specialty. Eur J Toxicol Environ Hyg 1976;9:59–63. PMID: 
1253832

[42] Plewig G, Jansen T. Acneiform dermatoses. Dermatology. 1998;196:102–7. PMID: 9557242

[43] Fisher AA. Drug eruptions in geriatric patients. Cutis. 1976;18:402–9. PMID: 138570

[44] Webster GF. Pustular drug reactions. Clin Dermatol. 1993;11:541–3. PMID: 8124644

[45] Soper LE, Vitez TS, Weinberg D. Metabolism of halogenated anaesthetic agents as a pos-
sible cause of acneiform eruptions. Anaesth Analg 1973;52:125–7. PMID: 4265185

[46] Alagheband M, Engineer L. Lithium and halogenoderma. Arch Dermatol 2000;136:126–
7. PMID: 10632224

[47] Burkhart CG. Quinidine-induced acne. Arch Dermatol 1981;117:603–4. PMID: 6456697

[48] Scott C, Staughton RC, Bunker CJ, et al. Acne vulgaris and acne rosacea as part of 
immune reconstitution disease in HIV-1 infected patients starting antiretroviral therapy. 
Int J STD AIDS 2008;19:493–5. doi: 10.1258/ijsa.2008.008026.

[49] Jacot W, Bessis D, Jorda E, et al. Acneiform eruption induced by epidermal growth factor 
receptor inhibitors in patients with solid tumours. Br J Dermatol. 2004;151:238–41. doi: 
10.1111/j.1365-2133.2004.06026.x

[50] Harding J, Burtness B. Cetuximab: an epidermal growth factor receptor chimeric 
human-murine monoclonal antibody. Drugs Today 2005;41:107–27. doi: 10.1358/
dot.2005.41.2.882662

[51] Hannoud S, Rixe O, Bloch J, et al. Skin signs associated with epidermal growth factor 
inhibitors. Ann Dermatol Venereol 2006;133:239–42. PMID: 16800173

[52] Segaert S, Van Custem E. Clinical signs, pathophysiology and management of skin 
toxicity during therapy with epidermal growth factor receptor inhibitors. Ann Oncol 
2005;16:1425–33. doi: 10.1093/annonc/mdi279

[53] Journagan S, Obadiah J. An acneiform eruption due to erlotinib: prognostic impli-
cations and management. J Am Acad Dermatol. 2006;54:358–60. doi: 10.1016/j.
jaad.2005.08.033.

[54] Sladden MJ, Clarke PJ, Mitchell B. Infliximab-induced acne: report of a third case. Br J 
Dermatol. 2008;158:172. doi: 10.1111/j.1365-2133.2007.08172.x

Drug-Induced Acneiform Eruptions
http://dx.doi.org/10.5772/65634

81



[55] Fernandez-Crehuet P, Luiz Villaverde R. Acneiform eruption as a probable paradoxical 
reaction to adalimumab. Int J Dermatol. 2015 Aug;54(8):e306–8. doi: 10.1111/ijd.12416

[56] Michot C, Guillot B, Dereure O. Lenalidomide-induced acute acneiform folliculitis of the 
head and neck: not only the anti-EGF receptor agents. Dermatology 2010;220:49–50. doi: 
10.1159/000258050

Acne and Acneiform Eruptions82



[55] Fernandez-Crehuet P, Luiz Villaverde R. Acneiform eruption as a probable paradoxical 
reaction to adalimumab. Int J Dermatol. 2015 Aug;54(8):e306–8. doi: 10.1111/ijd.12416

[56] Michot C, Guillot B, Dereure O. Lenalidomide-induced acute acneiform folliculitis of the 
head and neck: not only the anti-EGF receptor agents. Dermatology 2010;220:49–50. doi: 
10.1159/000258050

Acne and Acneiform Eruptions82

Chapter 6

Acneiform Eruptions and Pregnancy

Aslı Feride Kaptanoglu and Didem Mullaaziz

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/67015

Provisional chapter

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons  
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited. 

Acneiform Eruptions and Pregnancy

Aslı Feride Kaptanoglu and Didem Mullaaziz

Additional information is available at the end of the chapter

Abstract

Acne and acneiform eruptions during pregnancy need special attention. The physician 
should be aware of the special condition of a pregnant patient. Acne treatments may 
aim to prevent worsening, secondary infections, scarring and lowering self-esteem of 
the mother. However, the treatment of acne and acneiform eruptions are not easy to 
treat during pregnancy. First, because many cosmetics and procedures are not tested 
on pregnant patients and it is impossible to predict the possible consequences of the 
procedures on fetus, many women quit cosmetic procedures during pregnancy. Second, 
the underlying conditions such as hormonal influx and immunosuppression continue. 
Third, the medications for acne have limitations due to the lack of evidence of safety dur-
ing pregnancy. Here, a acneiform eruptions during pregnancy, including acne vulgaris, 
acne rosacea, perioral dermatitis, and hidradenitis suppurativa, are reviewed focusing on 
these points and each of them is evaluated by clinical presentation, differential diagnosis 
and treatment options focusing on maternal and fetal safety.

Keywords: acne, acneiform eruptions, sebaceous gland, pregnancy, treatment

1. Introduction

Pregnancy is one of the most “special periods” for a woman. Changes in the endocrine and 
immune systems and in the metabolism will result in an overall change in body, including 
skin. Although some of these changes may be physiologic, pregnant women are more care-
ful, meticulous and concerned about their body. As the skin changes can easily be observed 
by naked eye, this additional problem helps to increase anxiety and lower their self-esteem. 
During pregnancy, acne can have psychological effects. Even very small changes draw atten-
tion and raise questions related to the medical concerns for the baby. Moreover, pregnant 
women can be anxious and depressed because of their health, self-image, cosmetic problems 
and limitations on treatments.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Some of the metabolic changes may also trigger sebaceous and eccrine glands to produce 
acneiform eruptions. Acneiform eruptions are follicular eruptions characterized by papules 
and pustules resembling acne. Diagnosis of acne is usually done clinically. However, dif-
ferential diagnosis of acneiform eruptions during pregnancy should be done carefully and 
mostly depends on exclusion. Typically acne has predilection sites such as face, neck, chest, 
and back [1]. Papular and pustular lesions appearing on this sites are generally considered as 
“acne” which can be a misdiagnose. Moreover, during pregnancy acne rosacea, perioral der-
matitis, hidradenitis suppurativa, Fox-Fordyce disease, pruritic folliculitis of pregnancy may 
be seen in different clinical presentations. So, differential diagnosis of acneiform eruptions 
should not be underestimated. Gynecologists and family physicians also should be aware of 
“acne-like” eruptions and consult a dermatologist [2].

Acne and acneiform eruptions during pregnancy also need treatments to prevent worsening, 
secondary infections, scarring, and lowering self esteem of the mother. However, the treat-
ment of acne and acneiform eruptions are not easy to treat in this life period. First, as many 
cosmetics and procedures are not tested on pregnant patients and impossible to predict the 
possible consequences of the procedures on fetus, many women quit cosmetic procedures 
during that period [3]. Second, the underlying conditions such as hormonal influx and immu-
nosuppression continue. Third, the medications for acne have limitations due to the lack of 
evidence of safety during pregnancy.

Here in this chapter we will make a close look to acneiform eruptions during pregnancy 
period including acne vulgaris, acne rosacea, perioral dermatitis, and hidradenitis suppura-
tiva. Each of these diseases will be evaluated by clinical presentation, differential diagnosis 
and treatment options focusing on maternal and fetal safety.

2. Hormonal changes during pregnancy

In the pregnant women subsequent hormonal changes which are unique for that period 
appear. The placenta is a fantastic hormone factory that produces large amounts of hCG, 
relaxin, oestradiol, progesterone and human chorionic somato mammatrophin (hCS or 
human placental lactogen, hPL). Estrogen production from the placenta as well as the ovary 
increases gradually from the second month of pregnancy until term. Also, placental proges-
terone rises to a peak during the fifth month of pregnancy. Moreover, the placenta is a source 
of human chorionic gonadotropin, which increases during the first trimester and decreases 
dramatically with the elevation of estrogen and progesterone. The hPL is synthesised from 
the 4 week of gestation. The hPL stimulates maternal lipolysis and inhibits insulin effects, 
causing hyperglycaemia [2].

During pregnancy some other hormonal changes occur as well. The anterior pituitary gland 
increases in weight by more than two-fold during pregnancy with a concomitant increase 
in gonadotropin hormone secretion. The production and secretion of adrenal cortex hor-
mones are increased in addition to the adrenal hypertrophy. The typical hormonal changes 
and immunity in pregnancy cause a shift in maternal immune function from cell mediated 
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of human chorionic gonadotropin, which increases during the first trimester and decreases 
dramatically with the elevation of estrogen and progesterone. The hPL is synthesised from 
the 4 week of gestation. The hPL stimulates maternal lipolysis and inhibits insulin effects, 
causing hyperglycaemia [2].

During pregnancy some other hormonal changes occur as well. The anterior pituitary gland 
increases in weight by more than two-fold during pregnancy with a concomitant increase 
in gonadotropin hormone secretion. The production and secretion of adrenal cortex hor-
mones are increased in addition to the adrenal hypertrophy. The typical hormonal changes 
and immunity in pregnancy cause a shift in maternal immune function from cell mediated 
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(helper T 1 [TH1] cytokine production) to humoral (helper T 2 [TH2] cytokine production). 
Moreover, the activity of sebaceous and eccrine glands is increased and apocrine gland activ-
ity is decreased. So, all these physiologic changes may influence the course of inflammatory 
and glandular skin disease during gestation [4].

3. Acne in pregnancy

Acne vulgaris is a chronic inflammatory disorder clinically presenting with comedones, pap-
ules, pustules and cysts. The course of acne in pregnancy is unpredictable and severity shows 
variations [4, 5]. In the majority, pregnancy has a beneficial effect on the activity of acne, and 
often improves in the first trimester. This is suggested to be related with the sebosuppressive 
effect of estrogens [5]. In a small number of cases, there is a flare-up of acne requiring active 
intervention, especially if scarring is a threat. Ratzer reported 58% improvement and 29% 
reporting worsening of acne during pregnancy [6]. In another study, improvement of acne by 
41% in pregnant women was reported [7].

The increase in sebaceous gland activity, especially during the third trimester, results in an 
aggrevation of acne which is most upsetting at this time. Other clinical findings are post 
inflammatory pigment alterations and flare of truncal acne [2]. Some women experience new-
onset acne, such as acne conglobata, in the postpartum period (“postgestational acne”) [4, 8].

Hyperandrogenism in pregnancy is rare and can develop in any trimester. The signs and 
symptoms are similar as the non pregnant women and may present as acne and hirsutism. The 
most common ovarian pathologies that present during pregnancy and which lead to hyperan-
drogenic states are hyperreactio luteinalis (HL) and pregnancy luteoma (PL) whereas ovarian 
tumors and adrenal pathologies are very rare. Although spontaneous regression occurs in the 
post-partum period in the vast majority of cases, such cases with a clue of androgen excess 
should be re-evaluated by means of underlying pathologies and fetal virilisation [9].

Acne cosmetica and pregnancy: sunscreens are commonly used in pregnancy to treat or pre-
vent melasma. Pregnant women are adviced and prefer to use inorganic sun blockers such 
as zinc oxide, titanium dioxide, iron oxide, talc, and calamine which are generally safer than 
their organic counterparts due to their nontoxic, stable properties and absence of systemic 
absorption. But these formulations are thick pastes that promote comedogenesis [10, 11]. So, 
pregnant women may experience extensive acne problem while trying to prevent melasma.

Treatment of acne in pregnancy is challenging as most drugs are contraindicated or consid-
ered unsafe [12]. The Food and Drug Administration (FDA) has five established categories to 
indicate potential teratogenicity of a medication when used by patients during pregnancy. 
FDA categories are shown as Table 1.

The treatment of acne during pregnancy depends on its type and severity. Unfortunately, 
there are no “evidence” level studies to support the clinical efficacy of any acne treatment 
during pregnancy or lactation [13]. The available reports are mainly observational studies 
and often with small samples sizes. There are pregnancy-exposure registries that collect data 
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on the use of certain medications in pregnancy. However, there are no relevant registries for 
“acne” treatments [14]. Although there is no evidence-based recommendations about acne 
treatment during pregnancy, it should depend on acne type, severity and in its impact on 
quality of life. The goal of treatment and expectations of patient should be determined based 
on risk/benefit ratio and should rely on relief of symptoms rather than total clearance.

There are many oral and topical medications for the treatment of acne. Some of the patients 
might be using one or more of these treatments before conception. It is not always very easy 
while deciding to stop or not therapy because the evidence to guide this clinical question 
is not relevant. The half-life of medications and FDA categories may be a key to answer 
these questions.

3.1. Systemic treatments

For severe acne, systemic treatments may be needed to avoid scarring. There are only few 
options available for the safe management of acne in pregnancy. Isotretinoin, which is the 
mainstay of treatment for severe and nodulocystic acne, is contraindicated in pregnancy. 
Hormonal treatments (anti-androgens, spironalacton) also should be avoided for its effects 
on fetus. Some of the oral antibiotics are safe during pregnancy and can be used.

3.1.1. Isotretinoin

Systemic retinoids are important treatments in women with moderate to severe acne, but must 
be avoided during pregnancy due to teratogenicity. Isotretinoin, is FDA pregnancy category X. 
Its association with increased risk of spontaneous abortion, retinoid embryopathy which is spe-
cific with facial and palatal defects, micrognathia, cardiovascular defects, and developmental 
problems of the central nervous system and thymus have been reported [15, 16]. Both isotreti-
noin and its metabolite are thought to be teratogenic. The half-life of isotretinoin is 10–20 h 
and its metabolite (4-oxo-isotretinoin) between 17 and 50 h. General recommendation is five 
times this half-life would be enough to allow levels of the drug to return to negligible levels. 
So, a washout period (one month between completely discontinuing isotretinoin – beginning 
attempts to conceive a pregnancy) will be needed [13]. Similarly, conception one menstrual 

Category

A Well-controlled studies in humans show no risk to the fetus

B No well controlled studies have been conducted in humans, animal studies show no risk to the 
fetus

C No well controlled studies have been conducted in humans; animal studies have demonstrated an 
adverse effect on the fetus

D Evidence of human risk to the fetus exists; however benefits may outweigh risks in certain 
situations

X Controlled studies in animals or humans demonstrate fetal abnormalities; the risk in pregnant 
women clearly outweighs any possible benefit

Table 1. FDA categories for drug use during pregnancy.
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cycle after completely stopping isotretinoin is advised in a published guideline [17]. But on the 
contrary, many cases of unwanted pregnancies and relevant abortuses have been reported all 
over the world [18]. This indicates that there is still insufficient control of isotretinoin associ-
ated with pregnancy. So pregnant women with acne should be questioned in detail about the 
total dosing, the time of last dose of isotretinoin and in case of a suspicion, prenatal diagnostic 
research should be provided.

3.1.2. Antibiotics

In non-pregnant patients oral antibiotics are commonly prescribed as a second-line therapy 
for acne and the most commonly used are tetracyclines: doxycycline, oxytetracycline, lyme-
cycline, minocycline, and tetracycline [19]. Penicillins, macrolides, and cephalosporins are 
thought to have the best safety profile in pregnancy with erythromycin the oral antibiotic 
most commonly used for acne in pregnancy [18]. But tetracyclines should not be used dur-
ing pregnancy, as use in the second and third trimester can cause discoloration of teeth and 
bones [20].

During pregnancy, erythromycin should be the first choice in case of a necessity [21]. As it is 
used in pregnancy to treat other infections, there is quite satisfactory data coming from these 
retrospective studies of pregnancy outcomes. Its usage in combination with a topical prepara-
tion is recommended to avoid bacterial resistance [14, 22]. Only, erythromycin estolate is not 
recommended in pregnancy because of potential risk of reversible hepatotoxicity which is 
rarely reported with other ester forms. The common side effect of erythromycin is gastrointes-
tinal dyspepsy and rarely increasing serum levels of medications metabolized by cytochrome 
p450 enzymes [20].

Another macrolide antibiotic that can be used for treatment of acne in pregnancy is oral 
azithromycin. It has efficacy against Propionibacterium acnes and anti-inflammatory actions 
and in a study comparing the efficacy of azithromycin with doxycycline, azithromycin was 
found to be as effective as doxycycline. The longer half-life of 68 h also can be advantage as a 
single daily dose [23]. Also a new macrolide antibiotic, roxithromycin is shown to be effective 
on acne lesions with similar safety with erythromycin, has a better side effect profile and less 
frequently associated with bacterial resistance. The only disadvantage is being expensive [24].

Oral clindamycin is also considered to be effective and safe for use in pregnancy but due to 
one serious potential side effect it is rarely used. Disturbance of gastrointestinal flora by this 
agent can cause pseudo-membranous colitis. Diarrhea is also a common side effect [25].

3.1.3. Hormonal treatment

Hormonal therapy includes oral contraceptive pills (OCP) and androgen receptor blockers 
such as cyproterone acetate and spironolactone which are particularly useful in the treatment 
of acne linked to hyperandrogenism. However, these anti androgenic treatments are not sug-
gested to be used during pregnancy because of the risk of hypospadias and feminization of 
a male fetus [26]. Also, higher incidence of Down syndrome has been reported with use of 
OCPs in early pregnancy [27].

Acneiform Eruptions and Pregnancy
http://dx.doi.org/10.5772/67015

87



3.1.4. Zinc

Oral zinc salt preparations have historically been shown to be effective in reducing the sever-
ity of mild and moderate inflammatory acne vulgaris when either used alone or in combi-
nation with another acne treatment [28]. Zinc sulfate (N) and zinc gluconate (N) have been 
shown to be effective in the treatment of acne vulgaris at elemental doses of 30–150 mg daily 
[29]. It is shown that elemental zinc has no harm at doses below 75 mg/day to the growing 
fetus [30]. There is huge literature data on the use of zinc salts in lactation, but no adverse 
effects have been reported thus far.

3.2. Topical treatments

Topical medications are first line therapies for acne [31]. Most of the pregnant women prefer 
staying on the safe zone rather than aesthetic targets. Also, both patients and physicians 
prefer topical treatments only to avoid possible side effects especially on fetus [32].

Proper cleansing is an important step in acne treatment, also in pregnancy. Twice daily wash-
ing with a gentle cleanser followed by a topical preparation should be the first step. Mechanical 
comedo removal can be performed with a comedone extractor in comedonal forms.

3.2.1. Azelaic acid

It is a dicarboxylic acid with antimicrobial, anti-inflammatory and comedolitic properties. 
Also, being a competitive inhibitor of thyrosinase it decreases pigmentation. This effect on 
pigmentation could be used as an advantage when tendency to pigmentation is increased 
in pregnancy. It is generally well tolerated with a transient burning sensation but has no 
phototoxic or photoallergic potential. Azelaic acid is pregnancy category B, with no known 
fetal effects. Studies indicate that using high oral doses in animals do not cause teratogenic 
effects in the offspring, but there are no controlled studies in humans. It is also present in 
milk, rye, barley, and wheat. So azelaic acid can be a good choice for topical acne treatment 
in pregnancy [31].

3.2.2. Benzoyl peroxide

Benzoyl peroxide (BP) is one of the most common topical preparations with varying concen-
trations of 2.5–10%. There are many forms of BP such as cream, lotion, gel, wash, and pled-
gets. BP is a powerful antimicrobial agent. By decreasing the hydrolysis of triglycerides and 
generation of reactive oxygen species within the follicle, it has bactericidal effect. Moreover, 
bacterial resistance does not develop against that antimicrobial agent. That makes it an ideal 
combination for topical or systemic antibiotic therapy. But it is in FDA category C should be 
used during pregnancy on a limited area and only if needed [32].

3.2.3. Salicylic acid

Salicyclic acid is a comedolytic and anti inflammatory agent which is commonly found in 
many over the counter and prescription acne preparations. It is FDA pregnancy category C. 
Although there are no human studies on topical salicylic acid usage during pregnancy, there 
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is no report of teratogenicity as well. It is usage may be limited with facial washes or cleansers 
to avoid long exposure and systemic absorption during pregnancy [31].

3.2.4. Glycolic acid

Glycolic acid is an alpha-hydroxy acid with keratolytic effect and used in the treatment of 
mild, comedogenic, and noninflammatory acne by its comedolytic effect. It also reduces 
sebum production [33]. There is no FDA pregnancy category assigned for glycolic acid but 
glycolic acid peels have been used extensively, and apparently safely in pregnancy [31].

3.2.5. Sulfacetamide with sulfur compounds

Sulfacetamide is a bacteriostatic agent that inhibits bacterial growth via inhibition of dihy-
dropteroate synthetase with additional anti-inflammatory action from additional sulfur com-
pounds [34]. Sulfur has been used for many years for treating pregnant women suffering from 
scabies with sulfur-containing ointments on a whole body surface with no adverse results. 
Although elemental sulfur, typically compounded in cream or ointment form, is considered 
safe in pregnancy; there are minimal data about safety of sulfacetamide during pregnancy.

3.2.6. Topical antibiotics

Many topical antibiotics can be used in the treatment of acne for their effect on P. acnes. In 
general, if a systemic antibiotic is considered safe in pregnancy, its topical formulation is 
also deemed safe. Topical agents are often added to oral antibiotics because of synergistic 
effects [13]. Erythromycin and clindamycin are the most commonly used topical antibiotics 
for acne. Both erythromycin and clindamycin are category B. They have bactericidal effect 
on P. acnes, reduce pro-inflammatory free fatty acids and have anti-inflammatory effect. 
However, antibiotic resistance to P. acnes is a very frequent problem. Results of many studies 
denote combination of these antibiotics with different concentrations of BP are suggested to 
overcome this problem [31].

Metronidazole is also an antiinflammatory, immunosuppressive, and antimicrobial proper-
ties. In a study, 2% metronidazole gel was shown to be effective for moderate acne vulgaris 
[35]. It is in FDA pregnancy categorize B. Also, an investigation of metronidazole usage dur-
ing pregnancy revealed no association with preterm birth, low birth weight, or congenital 
anomalies [36].

Tetracyclines are also commonly used topical acne preparations in non-pregnant patients. 
Even though they have a broad-spectrum bacteriostatic activity, their use in pregnancy is not 
suggested as they cross the placenta and bind strongly to calcium ions. After the 16th week of 
pregnancy, these can result in deciduous teeth discoloration and bone growth inhibition [20].

3.2.7. Topical retinoids

Topical retinoids are commonly used in acne treatment especially in comedogenic and 
inflammatory forms as they have anti-comedonegic, anti-inflammatory effects and nor-
malize desquamation of the follicular epithelium. Three topical retinoids are currently 
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available: adapalene, tretinoin, and tazarotene. Adapalene and tretinoin are pregnancy cat-
egory C while tazarotene is category X. Tazoretene cannot be used in pregnancy. However, 
the data about the systemic absorption and teratogenity of adapalene and tretinoin are 
limited. There are case reports describing retinoid embryopathy, specifically ear, cerebral, 
and cardiac malformations in infants who were exposed to retinoids in utero, due to mater-
nal topical tretinoin usage [37–41]. But some other studies did not reveal a significantly 
increased risk associated with topical tretinoin [42–44]. In one retrospective case control 
study of 235 pregnant women exposed to topical retinoids in the first trimester (includ-
ing adapalene, tretinoin, tazarotene, and retinol) were evaluated for fetal embryopathy 
and were compared with 444 controls. No significant difference was reported between the 
groups regarding the rate of spontaneous abortion, minor or major birth defects; including 
retinoid teratogenity [45]. However, study authors concluded that topical retinoids could 
not be safely recommended for use during pregnancy because of the inferred risk based on 
safety data associated with systemic retinoid medications. Still, topical retinoids cannot be 
advised for use during pregnancy [32].

3.3. Phototherapy and lasers

Various forms of phototherapy and lasers are under investigation for their use in treating 
acne vulgaris and some of them have already been FDA approved for the treatment of some 
forms of acne. As ultraviolet light has been reported to be beneficial by most of the patients, 
studies focused on mechanisms and using light as a treatment option [31]. Both visible and 
laser light are effective treatments for acne. Visible light and many lasers target porphyrins 
endogenously produced by P. acnes. Laser and light therapies have few if any side effects 
and appear to be safe during pregnancy. Ultimately, combining laser and light with topical 
therapy may well become the mainstay of acne treatment [46].

The main devices used for acne treatments are lasers (pulse dye lasers (PDL), potassium tit-
anyl phosphate lasers (KTP), infrared diode lasers) and intense pulsed light systems (IPL), 
broad-spectrum of visible light sources (blue light, blue-red light), and photodynamic therapy 
(PDT). The supposed mechanisms of action for optical treatments are photothermal heating 
of sebaceous glands and photochemical inactivation of P. acnes, which produces copropor-
phyrins and protoporphyrins. Moreover, photoimmunological reactions may possibly con-
tribute to improve acne [47].

Narrowband-ultraviolet B phototherapy (NB-UVB) has been reported as a treatment for acne 
in pregnancy with its local immunosuppressive effects on skin. In one case report, a suc-
cessful treatment with NBUVB treatment of acne vulgaris in a woman who was 5 months 
pregnant was reported [48]. The data regarding the safety of NBUVB treatment in pregnant 
women comes from its use in pregnant psoriasis patients. But recently it has been shown that 
patients with high cumulative NBUVB doses have a decrease in serum folic acid levels [49]. 
This finding is especially important for the pregnant women as they usually need folic acid 
supplementation to prevent neural tube defects. During treatment period dermatologists 
should be aware of the folic acid levels, check regularly and cooperate with the obstetrician 
of the patient.
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4. Rosacea in pregnancy

Acne Rosacea is a chronic inflammatory condition of the facial skin affecting the blood ves-
sels and pilosebaceous units. Patients usually present with red papules pustules on the face 
in addition to complaints of flushing, blushing, and sensitivity of skin [50]. It may manifest 
as papules and pustules as well as other forms such as centrofacial distribution of blush-
ing and telangiectasia (erythematotelangiectatic rosacea), phymatous changes, or ocular 
rosacea [4].

Similar to acne, the course of rosacea in pregnancy is unpredictable. There are a limited num-
ber of case studies related with the course of rosacea during pregnancy. But, as there are 
reports about rosacea fulminans in pregnancy, it should be taken into consideration by means 
of prognosis. Rosacea fulminans is a rare and severe subtype of rosacea that is characterized 
by the sudden onset of severe facial inflammation consisting of numerous pustules, cystic 
swellings and coalescing sinuses. Three cases of RF in pregnancy were reported with differing 
obstetric outcomes: an intrauterine death, a termination of pregnancy, and a normal vaginal 
delivery [51]. Rosacea fulminans is the only indication for topical or systemic corticosteroids 
in the treatment of rosacea [52]. One case of RF in pregnancy successfully treatment with 
systemic azithromycin and topical metronidazole [53]. Another patient with RF in pregnancy 
presented with severe ocular disease culminating in ocular perforation [54]. A case of preg-
nant woman who had rosacea fulminans during the first trimester presented and treated with 
conventional therapeutic approaches with systemic corticosteroids were associated with clear 
improvement within 2 months, and subsequently only 0.75% metronidazole topical cream 
was used during the second trimester [55]. One patient with rosacea fulminans in pregnancy 
was complicated by stillbirth [56].

Generally the treatment of rosacea during pregnancy relies the avoiding triggering factors 
such as sun exposure, wind, physical irritation, anxiety and spicy food, as so as in the non 
pregnants. In pregnancy, general safety precautions are the same with acne medications. 
Azelaic acid and topical antibiotics, including metronidazole, clindamycin, and erythromy-
cin, may be used for treating papulopustular rosacea. In the erythematotelangiectatic form 
light based therapies such as lasers can be used [57]. But a delay in their use is suggested as 
the condition may improve spontaneously after delivery [4].

5. Perioral dermatitis in pregnancy

Perioral dermatitis is also should be differentiated from acne vulgaris. It is an acneiform erup-
tion of unknown etiology. Fluorinated topical corticosteroids, contact dermatitis, and over 
moisturization of skin were implicated in the etiology. Clinical appearance is papulopus-
tular lesions as clusters localizing periorally (on the chin or nasolabial folds, but not on the 
vermilion border of the lips) with an erythematous base [58]. There are few data about the 
perioral dermatitis in pregnancy. Yang et al. emphasizes flares to have been noted, but not 
as a regular finding [4]. Treatment with topical and oral agents is the same as that of acne 
vulgaris or rosacea.
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6. Hidradenitis suppurativa in pregnancy

Hidradenitis suppurativa/acne inversa (HS) is a chronic, inflammatory, recurrent and debil-
itating skin disease of the terminal follicular epithelium caused by occlusion and rupture 
of follicular units with subsequent inflammation of the apocrine glands [4]. It is destruc-
tive in nature and manifests as painful inflammatory nodules and sterile abscesses located 
in hair and apocrine gland-bearing skin creases in the axilla; groin or perineum, buttocks, 
and/or breast [59]. The disease often progresses with the formation of draining sinus tracts 
and due to subcutaneous extension with induration, destruction of skin appendages, and 
subsequent scarring [2, 60]. The etiology of the disease seems to be multifactorial and is 
only fragmentarily understood. The role of hormones in HS remains unclear, but the female 
predominance, typical onset of the disease after puberty, observation of premenstrual 
flares, and improvement during pregnancy and the traditionally described resolution after 
menopause suggest a hormonal/metabolic background [61, 62]. However, as some patients 
experience improvement and some other worsening in pregnancy. A typical relationship 
between HS and pregnancy has not been confirmed. A literature review presents two cases 
of women who had improvement or remission of their disease during pregnancy with some 
rebound symptoms postpartum supporting this hormonal effect [63]. The condition is asso-
ciated with hyperandrogenism and often is accompanied by acne, hirsutism, and irregu-
lar menses. The reported positive effects of antiandrogen therapy supports a possible role 
of androgens [64]. Another study showed no evidence of biochemical hyperandrogenism 
in HS, noting both persistence and primary development of the disease in the postmeno-
pausal state [65]. Findings, therefore, remain inconsistent. Obesity contributes significantly 
to HS pathogenesis; diabetes, dyslipidemia, the metabolic syndrome, and polycystic ovar-
ian syndrome are among the commonest comorbidities. More studies are required to clarify 
a potential hormonal dysregulation in HS [61].

One of the first staging systems for HS was proposed by Hurley (Table 2). Hurley sepa-
rated patients into three groups based largely on the presence and extent of cicatrization and 
sinuses [66].

Management of HS includes emotional support, given the debilitating nature of the disease; 
counseling to wear loose fitting clothing to avoid aggravating the areas. For patients with 
Hurley stage I, antibiotics are a good first-line therapy. The same oral antibiotics mentioned 
for acne as well as oral clindamycin can help during pregnancy and provide antiinflamma-
tory effects. Limited lesions can be injected with corticosteroids, and flares can be addressed 
with short courses of oral or intramuscular corticosteroids. Patients with Hurley stage II, 

Hurley stage Extent of disease in tissue

I Abscess formation (single or multiple) without sinus tracts and cicatrization

II One or more widely separated recurrent abscesses with tract formation and scars

III Multiple interconnected tracts and abscesses throughout an entire area

Table 2. Hurley staging system for hidradenitis suppurativa.
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long-term immunosuppressive therapy or surgical therapies, such as limited excisions or the 
laying open of sinus tracts, may be helpful. Patients with Hurley stage III may have such 
debilitating disease that only surgery can adequately address their symptoms. Wide excision 
of all the patients' affected tissue and the underlying sinus tracts is the most effective treat-
ment for these patients [67]. The use of TNF-α inhibitors in pregnancy remains controversial, 
and biologic medications should be used only if benefit greatly outweighs the risks and all 
other treatment options have been exhausted [68].
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Abstract

Behcet’s disease (BD) is a multisystemic inflammatory vasculitic disorder which diag-
nosed by clinical criteria because of the lack of specific laboratory test and/or pathogno-
monic histopathological findings. The most frequent diagnostic criteria of this disease 
are mucocutaneous lesions, appearing at the disease onset or during the course, usually 
begin before significant organ dysfunction. According to BD International Study Group 
Criteria, one of the five criteria is dermatologic findings including pseudofolliculitis, 
acneiform nodules or papulopustular lesions (PPL) diagnosed by clinician in postadoles-
cent patients. In some case reports and clinical studies, the PPL of BD are also denoted 
as Behcet’s pustulosis, folliculitis, acneiform eruptions and pseudofolliculitis. Owing to 
implementation of follicular lesions in these criteria, there may be difficulties in the dis-
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licular lesions (e.g., acne vulgaris, bacterial folliculitis, steroid acne). Certainly, clinicians 
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determination of vasculitic changes in histopathological and direct immunofluorescence 
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1. Introduction

Acneiform eruptions have a broad clinical spectrum, where they differ via lesion location and 
morphology. Certainly, clinicians should distinguish these patterns for accurate  diagnosis. One 
of the differential diagnoses in acneiform papulopustular lesions (PPL) is Behcet’s  disease (BD), 
and it should have been firstly recognized, particularly around the Silk Route region [1, 2].

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



BD is a multisystemic vasculitic disorder that is characterized by recurrent oral aphthous 
ulcerations, genital ulcerations, mucocutaneous manifestations, uveitis, and a positive 
pathergy test. Additionally, later studies showed that the vasculitic pattern has shown articu-
lar, gastrointestinal, urogenital, neurological, pulmonary, and cardiac involvement. This dis-
ease has a chronic course with unpredictable exacerbations and remissions [1, 3, 4].

In 1937, Prof. Dr. Hulusi Behcet (1889–1948), who was a great scientist and the first professor 
in Turkey, diagnosed this disease as a trisymptom complex consisting of aphthous ulcer-
ations, genital ulcerations, and ocular involvement. In the ancient literature, some authors 
named the disease as Adamantiades-Behcet disease. Adamantiades was an ophthalmologist 
who insisted on “relapsing iritis with hypopyon” in BD. Prof. Dr. Hulusi Behcet insisted on 
a complex multisystemic synonym, not only ocular involvement. As an honor to Turkish 
Medical history, the disease was renamed as “Maladie de Behcet,” as it is known today [5].

BD is mainly distributed along the Silk Route region, with higher prevalence in the 
Mediterranean, the Middle East, and the Far East countries. Turkey has the highest prevalence, 
with about 80–370 cases per 105 population. This disease usually begins around the third or 
fourth decade of life. Globally, female and male distribution rates are equal. Although, if we 
want to categorize by geographical areas, BD shows male predominance in some Middle 
Eastern and Mediterranean countries and female predominance in Japan and Korea. Male 
predominance and young onset usually have worse prognosis [1, 6].

The etiology of BD has not yet been fully elucidated, but the strongest genetic susceptibility is 
HLAB51 or HLAB5. It has been demonstrated that in some studies, herpes simplex virus and 
streptococcus sanguinis/pyogenes activate innate and adaptive immunity so that a neutro-
philic vasculitic reaction occurs. Additionally, some authors reported that interleukin (IL)-23 
and IL-12 share p40 subunits and induce the IL17 pathway. Induced IL-17 and T-helper 17 
levels activate oral ulcerations, genital ulcerations, and articular involvements [1, 7].

2. Diagnosis/classification criteria for BD

Due to a lack of distinctive diagnostic laboratory tests, the diagnosis of BD is based on certain 
clinical criteria. From onset of the disease, diagnosis time has taken approximately 8 years. 
Based on that, several criteria have been established during the years, all consist of three 
major criteria, including oral ulceration, genital ulceration, and eye lesions [1, 8, 9].

First of all, in 1969, Mason and Barnes identified major criteria (oral ulceration, genital ulcer-
ation, eye lesions, skin lesions) and minor criteria (gastrointestinal lesions, thrombophlebitis, 
cardiovascular lesions, arthritis, central nervous system lesions, family history), and then sug-
gested that to make the diagnosis of BD, a minimum of three major, or two major and two minor 
criteria were required [10]. After that, in 1972, the Behcet’s Disease Research Committee of Japan 
answered with a different set of criteria more suitable for their population. In order to get a new 
point of view, O’Duffy [11] published another criteria in 1974 for Japanese national criteria [12].

In 1990, criteria that were later accepted worldwide were developed by an International Study 
Group at the fourth International Conference on BD in London. The most specific and  sensitive 
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guide that clinicians have used globally for years is demonstrated in Table 1. To make BD 
diagnosis, the presence of major and two minor criteria is considered to be adequate [13].

Lastly, International Criteria for Behcet’s Disease was also renewed in 2010, which is occasion-
ally prevalent in Iran. In this point score system, the criteria (ocular lesions, genital aphthous 
ulcerations, and oral aphthous ulcerations, each of them 2 points; skin lesions, neurological 
manifestations, vascular manifestations, and positive pathergy test, each of them 1 point; and 
scoring ≤4 indicates BD) should not be seen as a part of universal agreement but also have 
chance to criticize the sensitive ones [8].

Among the many quandaries, the International Study Group criteria and the International 
Criteria for Behcet’s Disease were configured in different cohorts. Davatchi et al. analyzed Iranian 
BD patients by using the International Study Group criteria versus International Criteria for 
Behcet’s Disease. These authors found that International Criteria for Behcet’s Disease sensitivity 
was 98.2% (78.1% with International Study Group criteria), the specificity was 95.6% (98.8% with 
International Study Group criteria), and the accuracy was 97.3% (85.5% with International Study 
Group criteria) [14]. Moreover, Leonardo and McNeil mentioned that the International Criteria 
for Behcet’s disease has higher sensitivity and less specificity due to the fact that they evaluated 
data from 27 countries. They also said that those studies emphasized that International Criteria for 
Behcet’s Disease can be an easier tool for diagnosis but also may cause overdiagnosis [6].

3. Clinical features of BD

As we mentioned before, the constant diagnostic feature of BD is oral ulcerations. Additionally, other 
factors occasionally depend on the dermatologist. Thus, mucocutaneous lesions are a “hallmark 

Major criteria BD diagnosis Minor criteria

Recurrent oral ulceration 

Minor aphthous, major aphthous, or 
herpetiform ulceration observed by 
physician or patient recurring at least 
three times in one 12-month period

Major criteria plus any 
two of the minor criteria

Recurrent genital ulceration

Aphthous ulceration or scarring observed by 
physician or patient 

Eye lesions 

Anterior uveitis, posterior uveitis, cells in the 
vitreous on slit-lamp examination; or retinal 
vasculitis observed by ophthalmologist 

Skin lesions 

Erythema nodosum observed by the physician 
or patient; pseudofolliculitis or papulopustular 
lesions; or acneiform nodules observed by physician 
in postadolescent patients not on corticosteroid 
treatment 

Pathergy test 

Test interpreted as positive by physician at 24–48 
hours

Table 1. International Study Group diagnostic criteria of Behcet’s diseasexs.
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of the disease.” Oral ulcerations are the most common manifestation, followed by genital ulcer-
ations, mucocutaneous lesions, skin pathergy reaction, and articular and ocular involvement [1, 9].

Recurrent oral aphthous ulcerations are the most common and significant criteria in diagno-
sis, constituting “fingerprint” of BD. They are characterized by painful ulcerations in non-
keratinized mucous membranes such as lips, tongue, gingiva, buccal mucosa or vestibulum. 
Typically, oral aphthous ulcerations have recurred at least three times over a 1-year period. 
On the onset of the lesion, slightly elevated erythematous area with a vesiculopustular lesion 
that changed to an ulceration with well-defined borders and greyish yellow necrotic base in 
24–48 hours. Oral ulcerations can be divided into three types: minor, major, and herpetiform. 
Major and herpetiform types may cause scarring formation [9, 15].

Genital ulcerations are the second most common clinical finding and are similar to oral ulcer-
ations. Mostly, it begins with fragile papule or nodule, after that becomes ulceration area. 
They are usually located in labia minor, labia major, and vagina for women, and penis and 
scrotum in men. They are seen as deeper lesions and also heal slowly with scarring. The 
patients also have fistulas between urethra and bladder that may cause dyspareunia, severe 
pain, and difficulty of urination [1, 2, 9].

The most common type of mucocutaneous features is PPL. In addition, these lesions may 
occasionally occur following erythema nodosum-like lesions, superficial thrombophlebitis, 
skin pathergy test, extragenital ulceration, and Sweet’s syndrome-like lesions. Subungual 
infarctions, hemorrhagic bullae, furuncles, abscesses and acral purpuric papulonodular 
lesions and also pyoderma gangrenosum-like lesions, erythema multiforme-like lesions, per-
nio-like cutaneous lesions, Henoch-Schsönlein purpura and bullous necrotizing vasculitis can 
also be seen in some case reports of BD [1, 9, 15].

4. PPL in BD

In some case reports and clinical studies, the PPL of BD are also denoted as Behcet’s pustulosis, 
folliculitis, acneiform eruptions, and pseudofolliculitis. Clinicians may find papules, pustules, 
nodules, and also comedones in some BD patients [16–20]. It usually starts as a papule with 
erythematous base that changes to a pustule in 24–48 hours (Figure 1). The PPL of BD mainly 
stay on the trunk and extremities, except for the palms and soles, where there is a surplus 
sebum production and hair follicle, but also similar to acne vulgaris they have been occasion-
ally seen on the face. As a point of view, pustules are common in both diseases but microbio-
logical specimens are not similar so that it could be a clue for differential diagnosis [7, 21].

Since BD is a neutrophilic dermatosis, histopathologic findings of PPL include neutrophilic 
vasculitis and both of the lymphocytic and leukocytoclastic types in late onset, together. 
However, some authors found only perifollicular and perivascular mononuclear, or neutro-
philic infiltrations in PPL of BD; they could not detect vasculitis [22–27].

BD is an autoinflammatory disease that is qualified by primary dysfunction of the innate 
and adaptive immune system such as neutrophil hyper-reactivity and T-lymphocytes hyper-
sensitivity to some antigens. In some research studies, increased cytokine and chemokine 
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levels are also found in blood samples. Nonetheless, the mechanism underlying these skin 
lesions remained elusive. Furthermore, investigations have continued during years in order 
to explain the immunological mechanism. In the beginning in adaptive immune system, cyto-
toxic T-lymphocytes have been demonstrated as significant effector cells in BD. Cytotoxic 
T-lymphocytes have been expressed granulysin, which is a cytolytic granule protein. Yamasaki 
et al. investigated granulysin levels in mucocutaneous lesions of BD by ELISA technique. They 
found strong expression of granulysin levels in CD4+ and CD8+ T-lymphocytes infiltrating 
acne-like eruptions. As a result, they suspect that granulysin positive cytotoxic T-lymphocytes 
may have a significant role in the pathogenetic mechanism for acneiform eruptions [28]. At 
genetic levels, it is known to have common associations with higher HLA B51 subtypes. 
Park et al. determined the association of a certain polymorphism (C438T) of the SUMO4 
gene with HLA B51 positive BD patients in Korea. Small ubiquitin-like modifier has been 
referred as SUMO4 that downregulate the transcription activity of nuclear factor–kappa B.  
They found that the C438T polymorphism in the SUMO4 gene is associated with a  significantly 

Figure 1. (a) Erythematous papulopustular lesions on chest region (upper trunk) and (b) erythematous papulopustular 
lesions on pectoral region (upper trunk).
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increased risk of PPL in HLA-B51-positive BD patients [29]. Moreover, Demirseren et al. 
 configured out the association between the subtypes of HLA-B51. Much interesting data are 
HLA-B5109 subtype was found to be less frequent in patients with PPL in BD. Thus, the 
HLA-B5109 subtype could be protective against acneiform eruptions [30]. Finally, Cho et al. 
detected the immunophenotypes of the common BD-related skin lesions and evaluated the 
expression of cytokines and composition of the infiltrating cells. In PPL, neutrophils were the 
most commonly infiltrated type and followed by CD8+ T cells, despite the fact that it was not 
found as statistically significant. Also, percentage of CD8+ T cells was significantly more than 
FoxP3.These authors recognized that IL-4 levels were also higher than the interferon (IFN) 
levels so that the adaptive immune system plays a major role in PPL [31].

4.1. Frequency of PPL in BD

In the diagnosis of BD, the primary aim is to find early diagnostic clues to prevent sys-
temic involvement. For dermatologists, PPL has significant role in these diagnostic crite-
ria. According to International Study Group, data of the chosen patients demonstrated as 
sensitivity and specificity of these lesions were 70% and 76%, respectively [13]. However, 
the sensitivity and specificity of PPL were found to be 96% and 11% by Alpsoy et al., so 
it depends on the experience of the clinician. They suggested that PPL is very sensitive 
but not specific, so the location of lesions is more important for differentiation from other 
diseases [22].

Based on a literature review, it may be said that the frequencies of PPL in BD patients range 
from 12% to 96%, varying greatly from country to country, as demonstrated in Table 2. [14, 
16–20, 22, 29, 30, 32–46]. There are many studies consisting BD patients in Turkey, which is 
one of the most common country in terms of BD frequency varying between 39.6% and 75% 
[22, 30, 34–37, 41, 42]. National-based surveys were evaluated to understand the global pat-
tern of the disease. Some authors analyzed five nationwide surveys of BD in Iran with 5059 
patients, Japan with 3316 patients, China with 1996 patients, Korea with 1527 patients, and 
Germany with 590 patients. It was shown that PPL have varying proportion in terms of inci-
dence in different regions, such as 62% in Germany, 57% in Iran, and 31% in China. These 
results were interpreted to mean that immigrations have changed the value of the Silk Route 
Region pattern [47].

The evaluation and differentiation of PPL in 65 patients were considered by Hamdan et al.; 
they found that 49 patients (55.7%) had PPL, including 25 (28.4%) with acneiform lesions, 17 
(19.3%) with pseudofolliculitis, 4 (4.4%) with pustular eruptions, and 3 (3.3%) with nonspe-
cific subcutaneous nodules and rashes. According to this point of view, acneiform lesions are 
the most common type of PPL so clinicians should take special care to distinguish them from 
acne vulgaris [16]. According to some previous studies, male patients have more frequent 
PPL than females and their prognosis was worse [17–20, 29, 35, 36, 39, 41, 43, 46]. Bonitsis et 
al. [43] has already clarified these results via a meta-analysis study of a German population. 
Some authors speculated that the main reason of provoking PPL in males may be related with 
testosterone levels. Durusoy et al. [48] indicated that androgens may play a role at least in the 
formation of PPL and disease activity in patients with BD.
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References Country of study 
(year)

No. of 
patients

Frequency of 
acneiform lesions 
in BD (%) (different 
terms used in 
literature)

Comparisons according to 
certain variables

Alpsoy et al. [22] Turkey (–1998) 50 PPL: 96% –

Zouboulis et al. [32] Germany (1990–2000) 347 PPL: 53% –

Shahram et al. [33] Iran (–2001) 4704 PPL: 62% –

Azizlerli et al. [34] Turkey (–2003) 101 PF: 39.6% Male vs female: 55% vs 45%

Tursen et al. [35] Turkey (1976–98) 2313 PPL: 54% Male vs female: 56.1% vs 43.9%*

Hamdan et al. [16] Lebanon (1977–2005) 90 PPL: 55.7% (28.4% 
with acneiform 
lesions, 19.3% with 
PF, 4.4% with pustular 
eruptions, 3.3% 
with nonspecific 
subcutaneous nodules 
and rashes)

Male vs female: 59.1% vs 45.5%

Houman et al. [17] Tunisia (1987–2006) 260 PF: 70.4% Male vs female: 75.5% vs 58.3%* 
Ocular lesions (+) vs (–): 69.8% vs 
71.6% BD-DVT (+) vs (–): 70.9% 
vs 70.5% BD Neuro (+) vs (–): 
61.9% vs 73.6%

Alpsoy et al. [36] Turkey (2007) 661 PPL: 55.4% Male vs female: 62% vs 44.3%*

Alli et al. [37] Turkey (2001–2004) 213 PPL: 56% Male vs female: 63.5% vs 49.5%*

Arida et al. [18] Greece (2000–2008) 142 PF: 44.4% Male vs female: 61.3% vs 22.6%*

Vaiopoulos et al. [19] Greece (1991–2007) 202 PF: 1.5% as onset 
sign, 5.9% as second 
symptom

Male vs female: 57.1% vs 21.9%*

Davatchi et al. [14] Iran (1975–2010) 6500 PF: 54.5% Age groups: <21: 57.0%, 21–40: 
54.9%, 41–60: 40.4%, >60: 63.6%

Oliveira et al. [20] Brazil (2011) 60 PPL: 23.3%, acne-like 
lesions: 6.7%

Male vs female: 40.7 vs 9.1%*

Park et al. [29] Korea (2012) 83 PPL: 56.6% HLA-B51 (+) vs (–):35.7 vs 67.3%*

Singal et al. [38] India (1997–2011) 29 PPL and acneiform 
lesions: 31%

Hamzaoui et al. [39] Tunisian (1989–2009) 430 PF: 74.4% Age < 20: 84%, age > 40: 63.2%*

Sula et al. [40] Southeastern Turkey 
(2005–2009)

132 PPL: 74.2% Male vs female: 76.7 vs 72.3%

Balta et al. [41] Turkey (–2014) 521 PPL: 61.0% Male vs female: 71.4 vs 52.6%*

Ugurlu et al. [42] Turkey (2001–2012) 368 PPL: 75.0% Male vs female: 80.7 vs 68.4%

Bonitsis et al. [43] Germany (1990–2012) 747 PPL: 46.6%, PF: 47.2% PPL: Male vs female: 50.6 vs 
41.1%*PF: Male vs female: 52.2 
vs 40.1% *
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One study focused on the relationship between age and the frequency of diagnostic criteria. 
In this study, Hamzaoui et al. separated patients into two groups who were less than 20 years 
old and more than 40 years old. It was found that cutaneous involvement and pseudofollicu-
litis were significantly more common in younger age group. However, joint involvements in 
the older group were more frequent, which is controversial regarding the frequent association 
between PPL and arthritis [39].

4.2. PPL accompanied by some clinical features in BD

Clinicians should suspect some clinical findings that frequently accompany PPL to facilitate 
a correct diagnosis. Of these situations, the most known is arthritis. Diri et al. determined 
acneiform eruptions and relationship of arthritis and BD through evaluating four groups 
consisting of 44 BD patients with arthritis, 42 BD patients without arthritis, 21 patients with 
active rheumatoid arthritis and 33 healthy volunteers. They reported that only the BD with 
arthritis group had significantly higher PPL. As a conclusion, arthritis and acneiform lesions 
may have same pathogenesis so that they occasionally appear together [49]. Moreover, Karaca 
et al. argued that PPL and arthritis have an inherited pathogenesis. Likewise, they found BD 
appears as cluster in familial BD constantly. They also suggested a mechanism that works 
on the same bacterial pathway responsible for this association [50]. Calgüneri et al. [51] also 
manifested that prophylactic penicillin treatment alleviated both acneiform eruptions and 
arthritis attacks. In another study, Fatemi et al. investigated articular involvement in BD. They 
emphasized that PPL was higher during episodes of arthritis, and in episodic attacks, only the 
presence of PPL as an extra-articular involvement was statistically meaningful [45].

The pathergy test had been researched as another entity. Arida et al. found positive correla-
tion between pathergy test and folliculitis only in male patients [18]. The acronym SAPHO 
was defined as synovitis, acne, pustulosis, hyperostosis, and osteitis. Due to a lack of research 
SAPHO overlaps clinically with BD remains to be elucidated. Caravatti et al. published a case 

References Country of study 
(year)

No. of 
patients

Frequency of 
acneiform lesions 
in BD (%) (different 
terms used in 
literature)

Comparisons according to 
certain variables

Ndiaye et al. [44] Senegal (2015) 50 PF: 30%, acneiform 
papules:12%

Fatemi et al. [45] Iran (2010–2015) 2312 PF: 7.2% (in 430 
patients with 
musculoskeletal 
manifestations)

Patients with arthritic attacks: 
84% * Patients with no arthritic 
attacks: 16%

Demirseren et al. [30] Turkey (2014) 51 PPL: 64.7%

Davatchi et al. [46] Iran (1975–2014) 6075 PF: 53.2% Male vs Female: 60 vs 44.4% *

PPL, Papulopustular lesions; PF, Pseudofolliculitis; DVT: Deep vein thrombosis.
*Statistically significant (p < 0.05).
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report in which the patient met all diagnostic criteria of both SAPHO and BD. This study 
shows that similar arthritis mechanism occurs between BD and SAPHO and also both of 
them consist of acne-like eruptions [52]. Due to necessity of further investigation, Yabe et al. 
reported two case reports and compared with other studies in literature. They manifested 
that SAPHO syndrome and BD referred as seronegative arthropathies and also SAPHO could 
be clinical overlap of BD [53]. However, Alli et al. could not find a statistically significant 
relationship between arthritis and PPL in SAPHO syndrome [37]. Thus, there is a need for to 
work harder in order to elucidate similar mechanisms.

4.3. Comparison of the PPL characteristics between BD and acne  
vulgaris/acneiform disorders

PPL of BD can easily be confused with the acneiform papular and pustular lesions of acne 
vulgaris. As everyone knows, typical acne vulgaris usually begins around first and second 
decades and is easily diagnosed. However, both diseases can occur in patients aged 20–40. 
As how importance is the early diagnosis for BD, clinicians should focus on their main 
 differentiation [54].

The PPL of BD patients are mainly known as sterile pustules, but some authors suggest that 
they contain a different type of bacteria than acne vulgaris lesions [7, 21]. Hatemi et al. studied 
58 BD patients and 37 acne patients, and obtained the culture of pustules. They suggested that 
Staphylococcus aureus and Prevotella spp. were significantly more common in pustules from BD 
patients, and coagulase-negative staphylococci in pustules from acne patients. Prevotella spp. 
was not cultured from the acne pustules. BD pustules thus have different types of bacteria, 
which results in a different pathogenesis [21].

BD is a neutrophilic dermatosis that is commonly based on vasculitic disorders, but acne 
vulgaris is a hyperfunction of sebaceous glands under hormonal control. PPL in BD has been 
observed mainly in the lower extremities and trunk, but acne vulgaris has been observed 
mainly in face, chest, and back. Alpsoy et al. researched on 100 patients (50 patients with BD, 
79 cases for control group including 21 patients with acne vulgaris) and consequently, it was 
found that the frequency of PPL in BD patients was 96% and the most common location was 
the trunk, whereas in the control group the frequency of PPL was 89% and the most common 
location was the face. The total numbers of PPL on the trunk, upper and lower extremities, 
and genitalia were higher in patients with BD than in controls [22]. Kutlubay et al. observed 
that papules and folliculitis on the back and the lower extremities in BD were higher than 
acne vulgaris group [27]. Prior clinical studies in literature comparing locations, types and 
numbers of PPL lesions between BD and acne vulgaris are summarized in Table 3.

As mentioned before, PPL of BD were evaluated using the International Study Group Criteria 
due to their 70% sensitivity and 76% specificity [13]. Davatchi et al. [46] determined that BD 
has dome-shaped pustule, not a sharp pustule like acne vulgaris. However, both of them 
resembled follicular lesions so that arguments continue about whether or not histopathological 
differentiation must be necessary via lesional skin biopsy for differential diagnosis. In the liter-
ature, there are some histopathological investigation studies of PPL in BD patients. As a result 
of these studies, there are numerous quandaries about the diagnostic histopathologic patterns 
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and regarding whether to include vasculitis or nonspecific folliculitis [23, 27, 55]. Comparison 
data of the histopathological and direct immunofluorescence findings of PPL between BD and 
other acneiform lesions consisting of acne vulgaris and folliculitis are summarized in Table 4.

When considering the histopathological findings of PPL in BD, Ergun et al. took samples, 
which were chosen as only fresh pustules from the legs and arms of 17 patients with BD and 
6 patients with acne vulgaris. Only 12% patients with BD revealed perivascular involvement 
without leucocytoclastic vasculitis and results stated that there was no differentiation between 
acne vulgaris and BD by histopathological evidence. They argued that there is no need to con-

References No. of patients Location, type and mean number of PPL

Alpsoy et al. [22] 50 BD/21 AV Face: 2.6 ± 2.8 in BD/7.5 ± 5.6* in AV;  Neck: 1.0 ± 1.4 in BD/2.3 ± 1.9* in 
AV;  Mean total number: 18.8 ± 15.9 in BD/28.3 ± 23.4* in AV

Kutlubay et al. [27] 58 BD/31 AV Face/papule: 4.41 ± 4.47 in BD/11.8 ± 13.4* in AV;  Face/pustule: 1.55 ± 
2.07 in BD/5.75 ± 5.1* in AV;  Face/comedone: 9.79 ± 14.8 in BD/42.5 ± 
43.7* in AV;  Back/papule: 8.73 ± 7.13* in BD/5.62 ± 5.77 in AV;  Back/
folliculitis: 0.58 ± 1.92* only in BD Lower extremity/folliculitis: 1.64 ± 
3.47* only in BD

AV, acne vulgaris; BD, Behcet’s disease; PPL, papulopustular lesions.
*Statistically significant (p < 0.05).

Table 3. Clinical studies comparing locations, types and numbers of papulopustular lesions between Behcet’s disease 
and acne vulgaris.

References Benchmarking acne 
vulgaris with PPL 
in BD

No. of patients Histopathological findings Direct 
immunofluorescence 
findings

Alpsoy  
et al. [55]

PPL vs normal-
appearing skin

17 BD LV: 64.7% lesional/ 11.8%  
nonlesional;
Pustule: 17.6% lesional;
LympV: 5.9% lesional/ 11.8% 
non-lesional;
Mixed: 5.9% lesional/ 17.6% 
non-lesional;
MNC: 5.9% lesional/ 17.6% 
non-lesional;
PMN: 5.9% lesional/ 5.9% 
non-lesional;

IR on vessels: 70.9% 
lesional/ 23.5% 
non-lesional;
IgM: 52.9% lesional/ 
17.6% non-lesional;
IgG: 35.3% lesional; 
11.8% non-lesional;
C3: 41.2% lesional; 17.6% 
non-lesional
Fibrin: 47.1% lesional; 
17.6 non-lesional

Ergun  
et al. [23]

PPL of BD vs AV 17 BD, 6 AV In epidermis (intraepidermal 
pustule: 47.1% BD; spongiosis: 35.3% 
BD/16.7% AV; exocytosis: 11.8% BD; 
necrotic keratinocytes: 5.9% BD)
In follicle epithelium (plugging: 
58.9% BD/ 100% AV; rupture: 23.5% 
BD/16.7% AV; necrotic keratinocytes 
or epithelial necrosis: 11.8% 
BD/33.3% AV)
In dermis (endothelial swelling: 
23.5% BD/33.3% AV; nuclear dust: 
17.6% BD/16.7% AV)
Eccrine glands  (41.2% BD/33.3% AV)

–
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firm PPL of BD with biopsies [23]. Moreover, Chun et al. [55] also agreed on this hypothesis 
based on their research. More recently, Kutlubay et al. analyzed punch biopsy samples from 
58 BD and 31 acne vulgaris patients by two blinded pathologist. Both of them found vasculitis 
in the same patients in 7% of BD and 3% of acne vulgaris patients. Follicle-based pathology 
was detected in totally 87.6% (78/89 patients) and 82% (73/89 patients) in both the BD and AV 

References Benchmarking acne 
vulgaris with PPL 
in BD

No. of patients Histopathological findings Direct 
immunofluorescence 
findings

Boyvat  
et al. [24]

Specific vessel-based 
PPL vs nonspecific 
follicular lesions

20 (23 PPL) LV: 13.04%; Perivascular infiltration: 
21.7%; Perivascular and interstitial 
infiltration: 8.7%; Perifollicular and 
perivascular infiltration: 39.1%; 
Perifollicular inflammation only: 17.4%

–

İlknur  
et al. [25]

PPL of BD vs 
folliculitis/AV

18 BD 16 
control PPL (11 
folliculitis, 5 AV)

Pattern I: vasculitis (lymphocytic or 
leucocytoclastic) 
27.8% BD/ 0% control group;
Pattern II: folliculitis and/or 
perifolliculitis 
16.7% BD/ 50% control group; 
Pattern III: superficial and/or deep 
perivascular and/or interstitial 
dermatitis 
22.2% BD/ 18.8% control group

IR depositions on vessels; 
In 22.2% of BD patients 
(16.7% in pattern I, 5.6% 
in pattern II;  
in pattern I; 5.6% IgG, 
IgM, C3 and fibrinogen 
as quadruple conjugate, 
5.6% C3 and fibrinogen 
as double conjugate, 
5.6% only C3)/In 18.7% 
of control groups (6.2% 
in pattern I, 12.4% in 
pattern II)

Kalkan  
et al. [26]

PPL of BD vs AV 42 BD, 21 AV LV: 6.7% in BD*; LympV: 7.1% 
BD; Superficial perivascular and/
or interstitial infiltration: 35.7% 
BD/38.1% AV; superficial and deep 
perivascular and/or interstitial 
infiltration: 28.6% BD/19.0% AV; 
Folliculitis or perifolliculitis: 11.9%, 
BD/42.9% AV*

–

Kutlubay  
et al. [27]

PPL of BD vs AV 58 BD, 31 AV PNL infiltration without folliculitis: 
1.7% BD/1.6% AV;
Mononuclear infiltration without 
folliculitis: 0.8% BD/4.8% AV;
Folliculitis/perifolliculitis: 85.3% 
BD,83.9% AV; LV:12.1% BD/9.7% AV;
Comedone formation: 39.6% 
BD/64.5% AV;
Intrafollicular abscess formation: 
62.1% BD/61.3% AV;
Presence of microorganisms, etc: 
13.8% BD/14.5% AV

–

AV, acne vulgaris; BD, Behcet’s disease; PPL, papulopustular lesions; LV, leucocytoclastic vasculitis; LympV, lymphocytic 
vasculitis; MNC, mononuclear cells; PMN, polymorphonuclear cells; Mixed, mixed cell infiltration; IR, Immunoreactant.
*statistically significant (p < 0.05).

Table 4. Histopathological and direct immunofluorescence findings for papulopustular lesions in Behcet's disease.
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groups by both pathologists; controversially vessel-based pathology was rarely observed, 9% 
(10/89 patients) in both the BD and AV groups [27]. Therefore, they also claimed that there is 
no pathological difference between BD and acne vulgaris such as vasculitis.

On the other hand, Ilknur et al. evaluated the follicular and nonfollicular lesions from 18 
patients with BD and from 16 patients (11 with bacterial folliculitis, 5 with acne vulgaris) as 
a control group. They manifested that only the useful pattern for BD diagnosis was vasculitic 
changes which were not found in control group. The strength of this research is histopatho-
logical specimens were analyzed by two different pathologists for the first time, so the results 
were made with a consensus [25]. According to the study of Boyvat et al., the clinical features 
cannot be distinguishable for a BD diagnosis, but biopsy specimens must include  vessel-based 
neutrophilic reactions [24]. In another study, Kalkan et al. [26] found that 16.7% leukocyto-
clastic vasculitis and 7.1% lymphocytic vasculitis were present in BD patients although any 
vasculitic finding was not found in acne vulgaris patients. Furthermore, arguments still con-
tinue to clarify the exact pattern of PPL in BD. More assessments are needed to investigate.

If histopathological findings cannot provide any benefit for BD diagnosis, we may use 
immuno his to chemical techniques as an additional diagnostic test. In 2003, Alpsoy et al. 
evaluated 17 patients whose biopsies had taken from lesional and non lesional skin parts to 
study via immunological tools. The polyclonal antibodies including IgA, IgG, IgM, C3, and 
fibrin were measured, IgM deposition of thelesional skin was significantly higher than non 
lesional skin (52.9% and 17.6%, respectively); despite of that, there were no statistically sig-
nificant differences in terms of IgG, C3, and fibrin deposits on the vessels [55]. Subsequently, 
Ilknur et al. investigated the direct immunofluorescence results of 18 patients with BD and 
16 control patients in order to evaluate any deposition of immunoreactants on dermal blood 
vessels. They found no significant difference between the groups [25].

4.4. Management of PPL in BD

BD has now become a treatable disease, although it is not yet curable. The choice of treat-
ment is based on clinical features and the severity of the disease. Main treatment approach 
should be prevention of the severe organ damage. Recent guidelines could not establish a 
standard therapy for mucocutaneous lesions. A wide spectrum of agents can be used suc-
cessfully to heal and prevent the formation of new lesions. As our study specifies the PPL 
management, first-line treatment is topical ones such as corticosteroid or combination with 
corticosteroid and antibiotics. To support antibiotic use, it is reported that like Prevotella 
spp. and Staphylococcus aureus have been cultured in PPL. Although benzathin penicillin 
is the most commonly used one, minocycline is more effective than benzathin penicillin 
in  reducing of lesions. The systemic approach to BD treatment consists mainly of cortico-
steroids and colchicine. Corticosteroids are effective choices in almost all mucocutaneous 
lesions. They can be combined with other drugs such as colchicine, IFN-a or azathioprine. 
Guidelines recommend that corticosteroid administration begins with 40–60 mg/d for 1–2 
weeks and tapers the dosage over 4 weeks. However, this therapy has limitations due to its 
long-term side effects [57–59]. Corticosteroid treatment has been also a potent trigger for 
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acne and referred as steroid acne. Clinicians have to keep in mind that acneiform papulopus-
tular eruptions in BD may also appear as a result of steroid treatment. It is also important to 
know that steroid acne have some similarities and differences between Behcet’s pseudofol-
liculitis. Similarly, both of them mostly stay in trunk and extremities rather than face. At the 
same time, PPL in BD may arise as papules, pustules, and comedones at different stages of 
development. However, steroid acne usually stays as small folliculitis at the same stage in 
the proper area where the corticoid therapy is applied and it usually appears 2 weeks after 
the therapy has begun. Both of them resembled in neutrophilic involvement in the lesions 
but BD also has the vasculitic pattern. If the distinction can be made between true PPL and 
steroid acne in BD, management of the acneiform eruptions in these patients would be dif-
ferent and reasonable [60].

Colchicine is the one of the strongest medications for BD. Colchicine inhibits the chemo-
tactic activity and decreases the tumor necrosis factor-α, leukotrien-B4, cyclooxygenase-2 
activity, and prostoglandin-E2 levels. Mainly, it is approached in erythema nodosum 
and arthritis treatment for female patients. Colchicine combined with benzathine penicil-
lin increases the potency of the therapy. The lack of evidence in the efficacy of colchicine 
for treatment of mucocutaneous lesions could be related to relative lack of inappropriate 
researches. Moreover, IFN-a and etanercept treatment has been reported to decrease PPL 
frequency. Alternative therapy (dapson) has shown a significant capacity to diminish PPL. 
For severe lesions, azathioprine, pentoxifylline and thalidomide have demonstrated benefi-
cial effects [57–59].

5. Conclusion

According to the International Study Group criteria for BD diagnosis, skin lesions are 
restricted to erythema nodosum-like lesions, pseudofolliculitis, papulopustular lesions, and 
acneiform nodules. These lesions excepting erythema nodosum-like lesions are nonspecific 
and clinically confused with other acneiform papulopustular eruptions (e.g., acne vulgaris, 
bacterial folliculitis, steroid acne). Although earlier studies involve numerous quandaries 
regarding the diagnostic histopathologic pattern of BD (e.g., whether to include vasculitis or 
nonspecific folliculitis), it was reported recently that the determination of vasculitic changes 
in histopathological and direct immunofluorescence results might be useful in the differential 
diagnosis of patients suspected to have BD.
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Abstract

Acne vulgaris is the most common skin disease in adolescents and young adults and 
has serious influence on quality of life of the patients. Acne vulgaris is the most com-
mon skin disease in adolescents and young adults and has serious influence on quality 
of life of the patients. The initial lesions of acne are the microcomedones that can be 
observed histologically in normal-appearing skin. The first step in the treatment of acne 
is to understand the pathophysiology of disease and to act on the factors involved in 
the development of acne. Increased sebum secretion from sebaceous glands, secretion 
of inflammatory mediators, altered keratinization and follicular plugging, and follicular 
colonization of Propionibacterium acnes are major four steps of acne pathogenesis. Topical 
retinoids have multiple effects in the treatment of acne and act on more than one factor 
implicated in the etiology of acne. They prevent the formation of microcomedones and 
reduce their number, reduce macrocomedones, promote the normal desquamation of fol-
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1. Acne

1.1. Introduction

Acne vulgaris is the most common skin disease in adolescents and young adults with 70–95% 
prevalence rate. Adult or postadolescent acne occurs in 12–14% of this population and is seen 
as the continuation of acne from adolescence into adulthood or starts in the adult life [1, 2].
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distribution, and reproduction in any medium, provided the original work is properly cited.



Acne has a serious influence on quality of life of the patients. The negative impact of acne 
on behavioral and social functions has found to be greater than medical conditions such as 
asthma and epilepsy. Additionally, compared to unemployment, acne has been shown to 
be more highly associated with anxiety and depression [2, 3]. Fortunately, it is possible to 
improve the quality of life of patients with successful treatment. Over the past few decades, a 
large spectrum of local and systemic drugs has been introduced and a lot of efforts have been 
devoted to reach a consensus on the treatment approach of acne. As new drugs are constantly 
being added to the list, it is critical to update the current recommendations.

1.2. The global alliance to improve outcomes in acne

The Global Alliance to Improve Outcomes in Acne Group (“Global Alliance”) is an interna-
tional group of dermatologists with clinical and research expertise in acne vulgaris. The first 
consensus guidelines were published in 2003 in JAAD and were very well received as an evi-
dence-based and thoughtful document [1]. In the 2009 and 2016 guidelines updated informa-
tion on pathogenesis, mechanism of action of therapies, and clinical results are presented [2, 4].

For this purpose, Global Alliance to Improve Outcomes in Acne Group (“Global Alliance”) 
was formed and the recommendations of the group have been published in 2003 as a supple-
ment in the Journal of the Academy of Dermatology [2]. In the light of novel evidence-based 
studies, these recommendations have been updated recently [4]. On the other hand, racial and 
regional differences may affect the therapeutic approach to acne. Accordingly, in this ongoing 
process regional treatment guidelines are also being published [1, 2, 5–10].

1.3. Clinical features of acne vulgaris

Acne vulgaris is characterized by the presence of comedones and suggested to be a chronic 
disease. It has been traditionally thought that comedones are the noninflammatory lesions 
which present as either open or closed form. Inflammatory lesions of acne are papules, pus-
tules, and nodules. In the previous guidelines, acne was graded into four levels as follows 
“Comedonal acne, mild to moderate papulopustular acne, severe papulopustular/moderate 
nodular acne, severe nodular acne/acne conglobata” [1, 7].

In the last guideline [4], acne has been divided simply as “Mild, moderate, and severe”.

1.4. Pathophysiology of acne

The first step in the treatment of acne is to understand the pathophysiology of disease and 
to act on all factors involved in the development of acne. The initial lesions of acne are the 
microcomedones that already exist in normal-appearing skin. These microcomedones can 
only be observed histologically [1–3, 8]. Additionally, the role of inflammatory cytokine such 
as interleukin-1 (IL-1), relative deficiency of linoleic acid, and hormonal and genetic factors 
has been reported [7].

Four major steps that have been hypothesized in the pathogenesis of acne are outlined in 
Table 1. Although the inflammatory step was previously believed to occur at the end of these 
stages, now it is thought to occur after the increased sebum secretion from sebaceous glands 
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because of the proinflammatory properties of lipids of hyperseborrhea as well as some other 
factors including excess androgen and smoking [1–4, 11].

1.5. Topical treatment of acne

Reviewing the guidelines on the treatment of acne, a recommended common approach is 
outlined in Table 2 [1–4].

There is a large spectrum of topical agents for the treatment of acne (Table 3).

1.6. The importance of topical retinoids in the treatment of acne

Topical retinoids have multiple effects in the treatment of acne and act on more than one fac-
tor implicated in the etiology of acne (Table 4) [1–4, 12–14].

Topical retinoids have been the first-line treatment for most forms of acne vulgaris. They 
are used either alone or together with other agents as a first-line treatment in the treatment 
of acne forms other than severe nodular acne and acne conglobata. Alternative retinoids are 
included in alternative treatment options as well. In maintenance treatment, topical retinoids 
are used alone or in combination with BPO [1–4].

Increased sebum secretion from sebaceous glands

Secretion of inflammatory mediators

Altered keratinization and follicular plugging

Follicular colonization of P. acnes*

*P. acnes:  Propionibacterium acnes

Table 1. Four major steps in the pathogenesis of acne.

Start with topical treatment, if appropriate

Give systemic treatment when necessary

Limit the use of local and systemic antibiotic concomitantly OR add topical BPO*

*BPO: Benzoyl peroxide

Table 2. Recommended general approach for the treatment of acne.

1. Antimicrobials: Azelaic acid (20%), BPO, clindamycin, dapsone (5%), erythromycin, sodium sulfacetamide, sulfur

2. Topical retinoids: Isotretinoin, tretinoin, adapalene, tazarotene

3. Combination drugs: Adapalene-benzoyl peroxide, BPO-clindamycin, BPO-erythromycin, sodium sulfacetamide-
sulfur, tretinoin-clindamycin

4. Keratolytic agents: Salicylic acid

Table 3. Topical agents for the treatment of acne.
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2. Topical retinoids

2.1. Introduction

Retinoids are vitamin A (retinol) or functional analogs with vitamin A activity. The abnormal 
keratinization in animals with vitamin A deficiency has exposed the importance of vitamin A 
in antikeratinization. As the systemic retinols given in effective dose have resulted in severe 
side effects, synthetic retinoids and their topical forms have been developed with similar 
clinical effect and fewer side effects. The first retinoid synthesized is all-trans-retinoic acid 
(ATRA, tretinoin) but as it has no significant advantages over retinol, it is used generally in 
topical form. ATRA is the natural metabolite of retinol. Isotretinoin has both systemic and 
topical forms. Today various topical retinoids are available for different purposes [14–16]. 
Human skin has retinoid receptors, belonging to thyroid receptor family, which have the 
capacity to store and metabolize retinoids [17]. The biologic effects of topical retinoids are 
mediated through nuclear hormone receptors and cytosolic binding proteins because human 
skin expresses RAR (RAR-γ > RAR-α) and RXR (RXR-α > RXR-β) [14–16]. Table 5 outlines 
retinoid receptors and their main endogenous ligands.

2.2. Topical retinoids used in the treatment of acne

Tretinoin and isotretinoin are the first-generation retinoids whereas adapalene and tazaro-
tene are the third-generation retinoids. Retinaldehyde and retinol are found in cosmetic 
formulations [5]. Commercially available topical retinoids for acne treatment are presented 
in Table 6.

1. Prevent the formation of microcomedones and reduce their number

2. Reduce macrocomedones

3. Promote the normal desquamation of follicular epithelium

4. Exert anti-inflammatory effects

5. Enhance the penetration of other drugs

6. Prolong the remission periods of acne by inhibiting the of microcomedone formation and preventing the develop-
ment of new lesions

7. Prevents bacterial resistance

Table 4. Multiple effects of topical retinoids in the treatment of acne.

The receptors of retinoids Main endogenous ligand

RAR α, β, γ Retinoic acid, 9-cis retinoic acid

RXR α, β, γ 9-cis retinoic acid

RAR, retinoic acid receptor; RXR, retinoid X receptor.

Table 5. Retinoid receptors and their endogenous ligands.
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2.2.1. Tretinoin

Tretinoin is the first retinoid studied and has been used more than 30 years in the treatment 
of acne. It induces the breakage of bonds between keratinized cells and enables the disinte-
gration and the removal of the keratin plug. Besides comedolytic effect, it exerts anti-inflam-
matory effect; however, it does not have an effect on sebaceous gland activity. It binds to 
RARs on cytosol and regulates the expression of genes after moving to nucleus. It can bind all 
three types of RARs, namely, α, β, and γ [13–15]. Tretinoin can be used alone or in combina-
tion with other agents. As it enhances the penetration of other drugs, it creates a synergistic 
effect in combined use. Different formulations of tretinoin molecule have been introduced 
including 0.025, 0.05, and 0.1% cream, 0.025 and 0.1 gel, 0.05% solution, microsphere gel, and 
polymer cream [13–16].

2.2.2. Adapalene

Adapalene is a third-generation retinoid. It is available in 0.1 and 0.3 % gel and 0.1% cream 
form [1–4, 13–15, 18].

2.2.3. Isotretinoin

13-cis retinoic acid is produced from the isomerization of retinoic acid. The effects and efficacy 
are similar to retinoic acids. Other than oral form, it is available in 0.05% gel, and 0.05 and 
0.1% cream form [1–4, 13–15].

2.2.4. Tazarotene

Tazarotene is a third-generation retinoid and its active metabolite is tazarotenic acid and it 
can bind all three types of RARs. It has not only anti-inflammatory effect like other retinoids, 
but also antiproliferative properties and normalizes the Filaggrin expression. Therefore, it is 
used also in the treatment of psoriasis. It is available in 0.05 and 0.1% cream form [1–4, 13–15].

2.2.5. Others

Retinaldehyde has a pivotal role in the natural vitamin A metabolism of keratinocytes. It is 
converted into all-trans retinoic acid and acts as topical retinoic acid in lower concentrations 
and generally found in cosmetic formulations. It has a mild comedolytic effect and has an 
antibacterial activity against Gram-positive bacteria including P. acnes due to its aldehyde 
group [19]. It is generally used in cosmetic formulations. Retinol and retinoic acid are metabo-
lized into retinoyl beta-glucuronide. Motretinid is a second-generation monoaromatic reti-
noid. The clinical and side effects of motretinid are less than tretinoin [1–4].

Tretinoin
13-cis retinoic acid (isotretinoin)
Adapalene
Tazarotene

Table 6. Topical retinoids used in the treatment of acne.
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2.2.6. Combination formulations

After the superiority of combining erythromycin 2% solution with 0.05% tretinoin to the 
monotherapy of each had been shown, fixed combination formulations of topical retinoids 
have been in production since 1978. Then, 0.025% tretinoid-4% erythromycin and 0.005% 
isotretinoin-2% erythromycin fixed combination formulations have been introduced [5]. It 
was reported that the usage of combination products were associated with better patient 
compliance. Recently, adapalene 0.1% and BPO 2.5% combination has been introduced. 
Theoretically, retinoid and BPO combination has been suggested to be advantageous due to 
the lack of bacterial resistance [1, 4, 13, 14].

2.2.7. The evaluation of comparative studies

Nast et al. conducted an evidence-based guideline for the treatment of acne in 2012 [7]. In this 
study, previous treatments were compared; superior efficacy was defined as a difference of 
more than 10% reduction of lesions in head-to-head comparisons.

2.2.7.1. Comedonal acne

Topical retinoids were found to show comparable-to-superior efficacy on noninflammatory 
lesions when compared to benzoyl peroxide [7].

Adapalene has shown comparable efficacy against noninflammatory lesions compared with 
tretinoin. Isotretinoin was effective as adapalene in the treatment of noninflammatory lesions, 
whereas it was found to be superior to tretinoin. Combination of adapalene and BPO shows 
a comparable-to-superior efficacy compared with BPO or adapalene alone. There was no trial 
comparing fixed-dose combinations of erythromycin and isotretinoin; however, using both 
erythromycin and isotretinoin was found to show comparable efficacy compared to erythro-
mycin or isotretinoin alone [7].

Fixed-dose combination of adapalene-BPO has shown comparable-to-superior efficacy com-
pared to adapalene or BPO alone, however, it was associated with lower patient tolerance [7].

2.2.7.2. Papulopustular acne

The efficacy of adapalene against inflammatory lesions was comparable to azelaic acid, BPO, 
tretinoin, and isotretinoin. Tretinoin was found to show comparable efficacy compared to 
isotretinoin. Fixed-dose combination of adapalene-BPO was superior to adapalene alone and 
was effective as BPO or clindamycin-BPO combination [7].

Combination of erythromycin and isotretinoin was superior to isotretinoin alone and was 
effective as erythromycin alone [7].

2.2.8. Patient tolerability and safety

Adapalene was found to display the best tolerability and safety among the topical retinoids 
followed by isotretinoin and tretinoin [7]. The tolerability and safety profile of fixed-dose 
adapalene-BPO preparation was lower than adapalene or BPO alone. The tolerability and 
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safety of erythromycin-isotretinoin combination was comparable to erythromycin or isotreti-
noin alone [7].

2.2.8.1. Factors affecting therapeutic compliance of patients

Treatment with less irritant topical retinoids was associated with better patient tolerance. To 
increase tolerance, it is advised to increase the dose gradually [5]. The carrier is also important 
as the active ingredient in topical formulation. Drugs with same active ingredient but differ-
ent carriers were reported to show different tolerability profile [6, 13]. As these factors affect 
patient compliance they even influence the efficacy of the drug. Therefore, preparations with 
less irritant properties are more effective due to increased patient adherence. The other factors 
involved in treatment compliance are cosmetic products and skin cleaning habits. Application 
of drying agents was associated with the increased side effects of topical products. Also, racial 
differences were reported to affect the tolerance to topical retinoids. Asians are more prone to 
the irritation effect of topical retinoids compared to Caucasians [1, 3, 6].

2.2.9. The safety profile of topical retinoids

The major side effects of topical retinoids are local skin reactions such as erythema, scaling, 
dryness, burning, and stinging; rarely, they can cause pustular eruption. In comparative stud-
ies, adapalene with lower irritation rates has showed better tolerability profile compared to 
tretinoin or isotretinoin. Patient preferred adapalene over tretinoin [1, 7, 13].

2.2.9.1. Safety in pregnancy and systemic absorption

Even in long-term usage local retinoids were absorbed percutaneously only 1–2% and found 
in the range of natural endogenous levels in plasma [13]. However, congenital anomalies 
have been reported after the usage of local retinoids in the first trimester [20]. On the other 
hand, according to two retrospective cohort study topical retinoic acids were found not to 
associate with minor malformations in first trimester [21, 22]. According to many studies, 
systemic absorption of 0.05 and 1% isotretinoin gel is negligible even in 12 times greater than 
the normal dose. Adapalene is a derivative of naphthoic acid. It contains methoxyphenyl ada-
mantyl chain and is stable against oxygen and light. Its cutaneous absorption is low due to 
its chemical structure. It could not be found in plasma after the application of 0.1% gel form 
[13]. In animal experiments, only systemic and high dose adapalene was reported to induce 
teratogenicity. However, as no studies have been carried out in pregnant subjects, potential 
risk cannot be excluded. In the literature, anophthalmia and abortion on 22nd week have 
been reported in a pregnant woman who used adapalene in 13th week of pregnancy [23]. 
Percutaneous absorption of tazarotene is less than 6%. No teratogenicity has been reported so 
far. Pregnancy category of tretinoin and adapalene is C, so they should be prescribed during 
pregnancy only if the potential benefit justifies potential risk to the fetus. On the other hand, 
erythromycin, azelaic acid, and BPO can be used during pregnancy, and retinoids are not rec-
ommended during pregnancy [13, 14, 24]. As no studies have been conducted on breastfeed-
ing women, they should be avoided during lactation period. The pregnancy category of oral 
isotretinoin and tazarotene is X and their topical formulations are contraindicatory [21, 22].
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2.2.10. Practical applications

According to an investigation, dermatologists prescribe topical retinoids as second-line treat-
ment after clindamycin, oral minocycline, and topical BPO [25]. Since topical retinoids inhibit 
microcomedones that are the precursor lesions of acne, they are recommended in most forms 
of acne. In acne patients, microcomedones are observed histopathologically even in normal-
appearing skin. This underlines the fact that topical acne drugs can also be applied to normal-
appearing skin [26].

Mild, noninflammatory acne can be treated by topical retinoids alone. If the comedonal lesions 
present together with inflammatory lesions topical retinoids should be combined with anti-
microbial agents. As the combination treatment targets multiple pathophysiological factors, it 
is possible to get faster and permanent results. In the first-line treatment of moderate inflam-
matory acne, topical retinoids are recommended in combination with antimicrobial agents. 
Topical retinoids are the essential part of the maintenance treatment of acne [1–4, 13, 14].
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Abstract

Acne is a common skin disease that affects pilosebaceous unit, and it is characterized as 
comedones, inflammatory papules, pustules and occasionally nodulocystic lesions. Acne 
scar lesions have adverse effects on psychosocial life despite the latest treatment options.
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1. Treatment of acne with surgery.

Although acne surgery term is used for acne scar treatment methods, it could also be used in 
active acne lesions to support medical therapy. Surgical therapy is used to minimize inflam-
mation and scar risk and to fasten the healing. Below are four categories of active acne lesions 
for surgical therapy guidelines [1]:

• Grade 1 (comedonal acne)

 ◦ Comedone extraction

• Grade 2 (inflammatory papules)

 ◦ Cryotherapy

 ◦ Laser and light therapy

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



• Grade 3 (inflammatory pustules)

 ◦ Cryotherapy

 ◦ Nonablative lasers

 ◦ Light therapy

• Grade 4 (nodulocystic acne)

 ◦ Incision/drainage

 ◦ Intralesional corticosteroids

 ◦ Cryotherapy

1.1. Comedone extraction

Comedone extraction is a method where the clogged content in pilosebaceous unit is mechan-
ically drained using a comedone extractor.

After wiping the surface with alcohol, comedone extractor is centered over the comedone and 
pressure is applied to the direction of hair follicle to drain the contest. If closed comedones 
present a small hole on the surface of the lesion, they should be opened by 21 gauge needles 
to make the extraction less traumatic.

The important considerations in the extraction process to minimize the risk of scarring and 
inflammation are to avoid applying undue pressure and pay attention to antisepsis rules [1, 2].

1.2. Cryotherapy

Cryotherapy can be applied with cryoslush or cryopeel methods in nodulocystic acne. In 
cryoslush method, crushed carbon dioxide and a few drops of acetone are added to make a 
paste. This paste is spooned on the lesions for 2–10 s with a gauze ball. It consists of superfi-
cial peeling effect due to epidermal necrosis, which causes desquamation of comedones and 
resolution of inflammatory lesions. The degree of peeling effect is determined by the amount 
of time the slush contacted with the lesions [3].

In the cryopeel method, liquid nitrogen spray is applied to lesions for 2–3 s. However, the risk 
of postinflammatory pigmentation (hypo or hyper), persistent erythema and scarring should 
be noted with this method. In particular, the patients with Fitzpatrick skin type 4–5 have 
greater risk of pigmentation and scar formation [1].

1.3. Incision/drainage/aspiration

Incision/drainage/aspiration of the cystic lesions can be applied with or without phenoliza-
tion. After surgical cleaning of the area, a small incision is made with a no.15 surgical blade and 
cysts are drained. After draining, cyst wall is chemically cauterized with 88% phenol applied 
swab stick and neutralized with povidone-iodine to prevent from recurrence. Intralesional 
and perilesional triamcinolone acetonide 5–10 mg/ml is injected to reduce the risk of fibrous 
scarring in some cases [1, 2].
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1.4. Intralesional corticosteroids

Intralesional corticosteroids are used in nodular and cystic acne patients to reduce the inflam-
mation and minimize scarring. Triamcinolone acetonide is diluted with lidocaine 1% or sterile 
water to obtain 2.5 mg/ml concentration.

If the lesion is tensed, it should be drained before the injection. Injection is repeated after 3 
weeks if there is an incomplete resolution. Hematoma, infection, atrophy and hypopigmenta-
tion are the complications that can be seen after the treatment [1, 4, 5].

2. Treatment of acne with lasers

2.1. Infrared lasers

Near-infrared (IR) light (700–1000 nm) penetrates deeper dermis than the red light. And dur-
ing this penetration, it makes a minimal effect on the epidermis. This wavelength targets the 
tissue water in sebaceous glands and reduces the sebum secretion by thermal damage.

Infrared lasers (1064, 1320, 1450, 1540 nm) are generally used in facial skin rejuvenation, but 
there are also literatures showing reduction in the inflammatory acne lesions [6].

2.2. Pulse dye laser

Pulse dye lasers are nonablative, 585–595 nm wavelength systems that target the oxyhemoglo-
bin in microvessels. They are generally used in the treatment of vascular lesions. The mecha-
nism of action in acne treatment is still unknown, and the respond rates range between 40 
and 49% [6–8]. Pain and postinflammatory hyperpigmentation are the most common adverse 
effects. The risk of discoloration is higher in patients with Fitzpatrick type IV and V skin. The 
treatment parameters are 4–7.5 J/cm2 fluence, 350 µs to 6 ms pulse duration, and 585 or 595 
nm wavelength [6, 7].

2.3. Potassium titanyl phosphate laser

Potassium titanyl phosphate lasers (KTP) are the laser devices with 535 nm wavelength and 
often used in the treatment of rosacea and telangiectasia. Response rates ranging from 32 to 
20% have been reported with 1 or 2 time sessions per week.

The mechanism of action may be related to the destruction of blood vessels or laser-stimu-
lated photodynamic reaction. Before the treatment, the use of aminolevulinic acid (ALA) as a 
photosensitizer response rate rises to 52% [6, 9].

3. Treatment of acne with light-based devices

Use of light-based devices for acne is based on the effect of photoabsorption of porphyrin 
produced by Propionibacterium acnes. This basic pathogenic Gram-positive bacterium in acne 
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produces porphyrin, and when this substance absorbs the light, it reveals highly reactive oxy-
gen radicals and leads to death of bacteria.

Porphyrin has two photo absorption peaks. The highest absorption is seen in the middle of 
blue light wavelengths in other words at Soret band, 415 nm. The second major absorption 
peak occurs at 630 nm, red light [10]. Red light has less effect on the activation of porphyrin; 
however, it reaches deeper into the skin, and by this means, it may lead to direct effect on 
inflammatory mediators [11].

3.1. Intense pulsed light (IPL)

IPL is an intense pulsed light system used in a number of dermatological cases such as vas-
cular lesions, acneiform eruptions, pigmentary diseases, premalignant lesions and adnexal 
diseases. In the single pulse mode, the fluence will be delivered in single mode, and in burst 
mode, the fluence will be divided into series of pulses. It works in single pulse mostly, and 
pulse duration identifies energy output. However, in one of the study reports, 56% of reduc-
tion was achieved in acne scores in burst mode, and this rate was reported as 40% in the single 
pulse mode [9, 10].

It is considered that IPL has an impact by means of photoactivation of porphyrin secreted by 
P. acnes. Free oxygen radicals as a result of this photoactivation reduce production of sebum 
from sebaceous glands.

At the same time, it was shown that suppression of IL-8 and TNF-alpha production has a 
significant role in inflammatory acne pathogenesis and increased expression of IL10 has an 
anti-inflammatory effect [12]. In the studies conducted, it was reported that IPL was espe-
cially effective for inflammatory acne lesions. Safe use for skin type 3–4 patients is one of the 
advantages of IPL.

Recently, application of vacuum IPL to target pilosebaceous unit better has came into ques-
tion. It was indicated that vacuum apparatus would reduce the debris in pilosebaceous unit 
and offer the opportunity of easier application in curled regions such as nose and forehead 
sides. However, risk of transient mild erythema is higher in vacuum IPL [6].

3.2. Narrowband blue light

Ultraviolet (UV) radiation has a therapeutic effect in inflammatory acne. This effect is consid-
ered as related to follicular Langerhans cell suppression and destruction of P. acnes.

Blue light is in 400–500 nm wavelength and can penetrate into upper epidermis. Light with 
such wavelength inhibits keratinocyte inflammation and also results in mitochondrial dam-
age in nonpigmented epithelial cells and creates toxic effect. It slows down proliferation of 
keratinocyte in pilosebaceous unit. Anti-inflammatory effect on keratinocyte occurs by reduc-
ing IL-1 and ICAM markers. As stated before, when porphyrin produced by P. acnes absorbs 
light, it produces free oxygen radicals being toxic for the bacteria [13, 14].

Rate of response to the treatment was reported up to 77% in moderate inflammatory acne. 
Administration dose in the studies varies between 2 and 29 J/cm2 for the inhibition of occur-
rence of new lesion or to prevent inflammation in the active lesion [6, 9].
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3.3. Narrowband red light

Red light can penetrate into sebaceous glands in dermis (620–660 nm). Its basic effect is the 
activation of protoporphyrin IX and reducing release of inflammatory cytokine. Although 
it penetrates deeper than blue light, higher concentration light is necessary for P. acnes 
eradication.

It reduces inflammation in inflammatory and noninflammatory acne; however, it cannot 
achieve resolution completely. For this reason, it should be used in combination with ALA, 
not alone [6, 15].

3.4. Blue-red light-emitting diode

Blue-red light is more effective for the treatment of inflammatory acne alone than blue (415 
nm) or red light (630 nm). Reported rates of response to treatment vary between 77 and 90%. 
Blue-red light achieves 34–54% reduction in noninflammatory acne lesions. Synergic effect of 
combined treatment was observed as decrease in cell proliferation in in vitro cultured seba-
ceous cells and lipogenesis [6, 16].

Phototherapy is administered to the patients 1 or 2 times a week for 15–20 min totally for 4 
weeks, and it is reported that efficiency of the treatment lasts for average 8 weeks more [16].

3.5. Photodynamic therapy

When photosensitizing agents are applied to acne lesions, protoporphyrin IX production by 
P. acnes increases and free oxygen radicals appear. These free oxygen radicals damage mito-
chondria, nucleus and cell membrane and create cytotoxic effect on P. acnes.

A number of light sources were used in photodynamic therapy (PDT) with varying success 
rates. All light sources may lead to erythema, stinging, peeling, oozing, pruritus and pustule 
formation [6, 9].

Aminolevulinic acid (ALA) is a photosensitizer used in PDT frequently and is transformed 
into protoporphyrin IX by P. acnes if applied to inflammatory lesions. The biggest advantages 
of ALA are the short duration of photosensitizing effect within 24 h and low risk of side effects 
due to topical usage [17, 18].

There are a number of variations related to ALA-PDT combination. Some of them include the 
concentration of medicine used, incubation time and type of light source used (LED, IPL, red 
light, blue light or combined light). For this reason, an optimal therapy regime is not appli-
cable for PDT in acne treatment.

Before starting ALA-PDT treatment, it should be proven that basic bacterium in the lesions 
is P. acnes because the response to the treatment depends on the presence of P. acnes. For this 
reason, lesional skin should be examined with wood lamp before the treatment and it should 
be examined whether spontaneous fluorescence is positive or not [17].

One of the most significant parameters determining the treatment response is which light source 
will be used. While depth of sebaceous glands in the skin is ≤2 mm, it is deeper than 2 mm in ele-
vated acne papule or pustule. For this reason, wavelengths affecting deeper should be used [8, 17].
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Success rate was reported as 68–95% in PDT with red light. Success rate of PDT with blue 
light is 7–21% better than blue light alone. However, ALA-PDT with blue light has relatively 
shorter effectiveness and longer side effect profile [6, 8].

4. Treatment of acne scars with surgery

Acne scars vary from superficial rolling scars to deep ice pick and boxcar scars due to their 
morphology and depth. Most of the patients have more than one type of scars. Atrophic scars 
are grouped as ice pick, boxcar and rolling scars and those characterized with collagen over-
production are grouped as hypertrophic and keloid scars [17]. While selecting the treatment, 
acne scar type and duration of the disease should be considered. Previous treatments, keloid 
history, past or active herpes simplex infection, habit of smoking and sun exposure should be 
questioned certainly.

If the patient has HSV infection history, acyclovir or famciclovir treatment should be started 
2 days prior to the procedure and carried on 7–10 days after the procedure. Informed consent 
form should be obtained from every case, and if possible, pre- and posttreatment photographs 
should be taken.

Surgical treatment options for acne scars are subcision, punch excision, dermabrasion, filling, 
intralesional steroid injection, silicone gel coating and scar revision [4].

4.1. Subcision

The purpose of this treatment is to break down the fibrotic bands connecting the scar to the 
subcutaneous tissue. It is mostly preferred for rolling scars.

Firstly, scar area is marked with a pen. Then, local anesthesia is applied, and 18 or 20 gauge 
needle is proceeded to deep dermis parallel to the border of the scar marked.

It is continued along the border marked, side-to-side needle motion called ‘fanning motion’ is 
applied, and fibrous bands are made free. There are publications in the literature, indicating 
that better response (50% cure rate) is achieved with 18 and 21 gauge cannula [19]. The doctor 
should be more careful in preauricular, temporal and mandibular regions because of the place-
ment of facial nerve branches and major arterioles.

‘Blunt blade subcision’ is also another technique for the treatment of atrophic acne scars. The 
authors hypothesized that using a blunt blade reduces the risk of trauma of neurovascular 
structures.

After local anesthesia, 18 gauge needle is used to puncture the entrance of the blade. Up to 
three-fourths of the blade could enter into the skin, and the blade should be moved back and 
forth subdermally to release the fibrotic tissue [20, 21].

4.2. Punch excision techniques

These techniques are used for depressed scars such as ice pick and boxcar. There are punch 
excision types varying in the diameter and surface of the scar:
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I: Punch excision and closure: If the scar is bigger than 3–5 mm, it is excised to subcutaneous fat layer 
firstly and sutured after undermining. The doctor should be careful to avoid new scar formation.

II: Punch incision and elevation: If the depressed scar has a normal surface structure, it is incised 
to subcutaneous tissue (incised up) and elevated to the level of peripheral tissue.

III: Punch excision and grafting: Depressed pitted ice pick scars with the diameter of 4 mm are 
excised and then placed into autologous, full layer punch grafts. Donor sites are mostly post-
auricular site or hip [2, 4, 5].

4.3. Dermabrasion

Dermabrasion is the peeling of skin from epidermis to dermal layers to the level desired by 
use of electrical dermabrader. Manual dermabrader is used only for spot dermabrasion.

Re-epithelialization starts from the border of scar and sebaceous gland, sweat gland and hair 
follicle residuals. Since facial area is rich of these glands, recovery is faster than other regions.

Spot dermabrasion is applied under local anesthesia and at outpatient clinic; however, full-
face dermabrasion should be performed in the hospital where we have the opportunity 
of immediate intervention. After the consent of the patient is obtained, the treatment area 
is cleaned, local anesthesia is done, and scars are marked. Dermabrasion is applied to the 
marked regions. Dermabrasion should be applied to maximum upper and midreticular der-
mis joining region to prevent postprocedure formation.

Wider bleeding focus, firmer surface and parallel line and break in grooves are observed in 
this joining region. According to the depth of dermabrasion, crusting starts within 7–10 days. 
Infection, persistent dyschromia, hypo-/hyperpigmentation, erythema and scarring are the 
complications.

Even if dermabrasion remains in the background after ablative lasers started to be used, it is 
still an efficient option for properly selected patients [1, 2, 5].

4.4. Filling (soft tissue augmentation)

A number of fillers are used for depressed scars, and these are mainly hyaluronic acid, 
hydroxyapatite, collagen, tricalcium phosphate, autologous fibroblasts and silicone gel. 
Fillers are chosen for minimal downtime and fast response.

Dermal filler is placed under the scar and injected till the scar level becomes the same as the 
surrounding tissue. It can be used alone and also can be applied after subcision or ablative 
laser treatment [2, 5].

Hyaluronic acid is a hydrophilic polysaccharide that occurs in the connective tissue natu-
rally. Injection of hyaluronic acid stimulates the collagen synthesis and activation of dermal 
fibroblasts [4].

Calcium hydroxyapatite is a semipermanent dermal filler that stimulates fibroblast pro-
duction of collagen. This filler can improve the appearance of atrophic acne scars but not 
deeper ice pick scars [1].
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4.5. Intralesional steroids

In 10–20 mg/ml dilution, intralesional triamcinolone for hypertrophic scars and keloids can be 
applied with or without cytotoxic agents (like 5-fluoroauracil). The procedure is repeated for 
3- to 4-week period till the lesion is regressed, but risk of atrophy should be considered [1, 2].

The proposed mechanisms of action are decreased fibroblast proliferation and collagen 
synthesis [4].

4.6. Silicone gel sheeting

It is considered that silicon sheets are effective to correct surfaces of hypertrophic scars and 
keloids and reduce the discoloration [1].

Silicone provides the therapeutic effect by pressure and hydration. Silicone sheets are cut to 
the size of scar and should be worn for 12 h per day for 2 months [4].

4.7. Scar revision

In the selected cases, surgical techniques such as Z, M and Y plasty can be used if the scar is 
linear or extensive. However, the procedure should be performed by an experienced derma-
tosurgeon [1].

5. Treatment of acne scars with lasers

This issue will be mentioned under the headlines of ablative, nonablative and fractional lasers.

5.1. Ablative lasers

Er:YAG (2940 nm) and infrared CO2 (10,600 nm) lasers are the treatment choices for ablative 
nonfractional skin resurfacing. The depth of efficacy depends on the number of passes. The 
energy is absorbed by the intercellular tissue water, and with this photodermal effect, neocol-
lagenesis and collagen remodeling are stimulated. Thermal skin injury with Er:YAG laser is 
less than CO2 laser. Because of this limitation of short-pulsed Er:YAG lasers, long pulses were 
developed.

But Er:YAG laser has still some advantages like rapid healing time and less complications 
compared to CO2laser [22].

Absolute contraindications for the ablative laser treatment are as follows:

– Active cutaneous infection (bacterial, viral or fungal)

– Inflammatory skin condition (psoriasis, eczema, etc) on the treatment area

– History of keloid

– Isotretinoin use in last 6 months

After laser ablation, topical antibacterials should not be used due to risk of contact derma-
titis [4, 9].
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Postinflammatory hyper- or hypopigmentation, acne flare up and erythema are the most 
common side effects that can be seen after ablative nonfractional laser treatments [23]. Most 
of the authors suggest the use of topical retinoic acid and/or hydroquinone cream to reduce 
the risk of hyperpigmentation [4, 22].

5.2. Nonablative lasers

The most popular nonablative lasers are Nd:YAG 1320 nm, diode 1450 nm and Nd:YAG 1064 
nm lasers. These lasers deliver the energy through dermis without epidermal damage and 
target the tissue water. Dermal fibroblasts in the papillary and midreticular dermis are ther-
mally stimulated leading to collagen remodeling. They have minimal postrecovery time, and 
this makes them safe but less effective on the atrophic acne scars than ablative lasers [23, 24].

Pulsed dye laser (PDL) has been used especially for hypertrophic, erythematous acne scars. 
The mechanism of effect depends on reducing transforming growth factor beta expression, 
fibroblast proliferation and collagen type III deposition.

The most common adverse effect of PDL treatment is purpura, which persists for several 
days. Edema is another side effect that can be seen but usually regresses in 48 h [9].

5.3. Fractional lasers

These lasers are classified into two categories: nonablative fractional lasers (NAFL) and abla-
tive fractional lasers (AFL).

Fractional lasers have started to be used in 2004 firstly. These devices create vertical, cylindri-
cal and multiple thermal damage areas called microthermal zone (MTZ) in dermis. MTZ is the 
zone being 1.5 mm in depth, 100–400 µm in width and having 6400 particles per square centi-
meter [25]. Fractional lasers are the most preferred treatment method, especially for atrophic 
acne scars [2]. Rolling scars are caused by subcuticular fat destruction, and they are treated 
with the lasers that penetrate up to the papillary dermis. Ice pick scars are narrow, deep and 
sharply marginated lesions.

They extend vertically to the deep dermis and do not respond well to fractional lasers. Shallow 
boxcar scars and most of the deep boxcar scars are amenable to fractional lasers [26].

Ablation is described as fast cellular heating and tissue vaporization during laser application. 
Nonablative fractional lasers have 1320–1927 nm wavelength, while ablative fractional lasers 
have 2940–10,600 nm wavelength.

While fractional ablative lasers are more efficient in treatment, they have longer recovery 
period compared to fractional nonablative lasers and higher risk of posttreatment, postin-
flammatory hyperpigmentation [2, 25]. Points to be considered for better response during 
treatment with fractional lasers are the number of passes per session and the number of ses-
sions. While average 3–4 passes per session over four monthly sessions are preferred for frac-
tional Er:YAG lasers, for fractional CO2 lasers, fewer passes and sessions and longer time must 
be left between the treatments [2, 27, 28].

By means of intact tissue surrounding MTZ in fractional ablative lasers compared to classical 
ablative lasers, re-epithelialization and therefore postprocedure recovery are faster [29].
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In this study, varying rates for efficiency of fractional lasers in acne scars are reported. In a 
review, it was reported that success rate for acne scar treatment with ablative fractional laser 
is varied between 26 and 83% and varied between 26 and 50% in nonablative fractional lasers 
[8, 30, 31].

6. Treatment of acne scars with light-based devices

Fractional radiofrequency is a new and noninvasive treatment method used for all atrophic 
acne scar types. When radiowave energy is transmitted to subcutaneous tissue, it will result 
in heating of water in skin cells, stimulation of heat-shock protein production and therefore 
wound healing.

Possible side effects include transient erythema, dryness, bruising, crusting and postinflam-
matory hyperpigmentation [2].

IPL treatment was tried for hypertrophic acne scars and keloid. Possible mechanism of action 
is to suppress vascular proliferation, which has a role in artificial pigmentation and collagen 
overgrowth. Sufficient literature about hypertrophic and keloid acne scars is not present, but 
in a study with 109 patients, it was reported that IPL achieved 59.7% good/excellent recovery 
in hypertrophic scars and keloid.

For this reason, it was claimed that IPL treatment to be started in early period after cutaneous 
surgical procedures prevented hypertrophic scars [32].
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Abstract

Acneiform lesions are encountered in different chapters in various dermatology and der-
matopathology textbooks. The most common titles used for these disorders are diseases 
of the hair, diseases of cutaneous appendages, folliculitis, acne, and inflammatory lesions 
of dermis and epidermis. In this chapter, first of all we will discuss folliculitis, and then 
acne vulgaris that is a kind of folliculitis will be described. After acne vulgaris, other 
acneiform eruptions and demodicosis will be studied. At the end, simple algorithmic 
schemes by assembling clinical, pathological, and microbiological data will be shared.

Keywords: acneiform lesions, algorithm, histopathologic evaluation

1. Introduction

1.1. Histology of pilar unit

Pilar unit is a structure generally made up of three subunits which are hair follicle, seba-
ceous gland, and arrector pili muscle. Hair follicle is divided in to three parts: infundibulum, 
isthmus, and inferior part. Infundibulum extends between entrance of sebaceous gland duct 
to the follicular orifice in epidermis. Isthmus: extends between entrance of sebaceous duct 
to hair follicle and insertion of arrector pili muscle. The basal part of hair follicle is called 
the inferior segment or inferior part. Histologic structure and function of hair follicle is very 
intriguing. Demodex folliculorum mites, Staphylococcus epidermis, and yeast of pityrosporum can 
be seen and can be a normal component of pilosebaceous unit.

The life cycle of hair follicle is divided into three phases: anagen (growth phase), catagen 
(regressing phase), and telogen (resting phase). The sebaceous gland attached to hair follicle 
produces holocrine-type secretions. They excrete the sebum through excretory ducts into hair 
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follicle [1]. Sebum that inhibits the reproduction of bacteria and fungi is rich in triglyceride. 
When the increased number of Propionibacterium acnes is present, triglyceride is hydrolyzed 
and the biochemical conditions are altered [2].

1.2. Routine clinical and pathological conditions

There are bazillion hair and pilosebaceous units on the body surface. As a matter of course, 
hair follicle-related pathologies (especially inflammatory diseases) comprise one of the most 
popular topics in dermatology clinics.

In a big pathology center where daily around 40 cases of skin materials and annually a total 
of 35,000–40,000 different biopsy materials are examined, we rarely do histopathologic exami-
nation of disorders in inflammatory pilosebaceous units. It is mainly because the clinicians 
diagnose clinically and do not need much tissue correlation with their differential diagnosis 
in these disorders.

We retrospectively searched the information system of our hospital for the last 3 years and 
found 154 reports in which the term “acne” was aforementioned (132 cases were categorized 
as acne rosacea). For the last 3 years, approximately 23,000 skin samples have been sent by 
dermatology or plastic and reconstructive surgery departments (punch biopsies, shave biop-
sies, incisional biopsies, excisional biopsies included). Although general approach do not per-
suade for biopsy, sometimes in our clinic there is a little tendency to biopsying central face 
lesions for differential diagnosis.

2. Histopathology of acneiform lesions

2.1. Folliculitis, subtypes, differential diagnosis

In follicular eruptions adnexocentric inflammation, microabscesses and pustules on epider-
mis can be seen [3]. Peri- and intrafollicular inflammatory cells consist: lymphocytes, plas-
mocytes, histiocytes, polymorphonuclear, leukocytes, and multinuclear giant cells. Most 
folliculitis emerges as a result of follicular orifice occlusion by normal flora of the skin.

Although different categorization can be found in various textbooks, folliculitis can be divided 
into two groups: infectious and noninfectious (sterile). Furthermore noninfectious folliculitis 
can be grouped as neutrophilic, eosinophilic, etc. according to the predominant cell compo-
nent present in the lesion. Infectious folliculitis can be grouped as bacterial (Gram-negative, 
Gram-positive), fungal, viral, and symbiotic (demodex) folliculitis [4].

The most common cause of Gram-positive folliculitis is Staphylococcus aureus. Similarly, 
Enterobacter, Klebsiella, Escherichia, Serratia, Proteus, etc., can cause Gram-negative folliculitis. 
Gram-negative folliculitis is generally caused in consequence of long-term antibiotic treat-
ment. Hot tub folliculitis is a special form of bacterial folliculitis, which arises 24–48 hours 
after hot water contact and is caused by Pseudomonas aeruginosa. The most common cause of 
viral folliculitis is herpes simplex virus, varicella zoster virus, and the most common cause of 
fungal folliculitis is pityrosporum.
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after hot water contact and is caused by Pseudomonas aeruginosa. The most common cause of 
viral folliculitis is herpes simplex virus, varicella zoster virus, and the most common cause of 
fungal folliculitis is pityrosporum.

Acne and Acneiform Eruptions140

According to some other studies, folliculitis can be classified as superficial and both superfi-
cial and deep [5].

Independent of etiology, the primer lesion of folliculitis is generally an erythematous papule 
or pustule. Histologically in all types of folliculitis, inflammation is seen either in follicular 
epithelia and/or perifollicular area (Figure 1).

Whenever the cause is a bacterium, a neutrophilic infiltrate is dominantly seen in the follicular 
epithelia and dermis (Figure 2). Granuloma formation can be seen in consequence of follicular 
epithelial rupture and passing of pilosebaceous unit components into the dermis.

In viral folliculitis, cytopathic effects such as acantolysis, dyskeratosis, multinucleation, inclu-
sions, chromatin marginalization, nuclear molding, etc., can be seen in infundibulum. In early 
lesions, cytopathic effects cannot be seen [5]. In a viral folliculitis, a lower concentration of 
inflammation is noticeable. In some cases, hyperplasia of epidermis, necrosis of follicular epi-
thelia or sebaceous gland can be visible.

Fungal folliculitis is commonly seen in adult women living in warm and humid climates. 
Immunosuppression, diabetes and antibiotic use can be predisposing factors. The cause is 

Figure 1. Mixed type inflammation that surrounded the follicle, attacked the follicular epithelia, and destroyed the hair 
follicle (HE ×100).
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mostly Malassezia globosa (Malassezia furfur). Inside the dilated hair follicle due to keratin 
plug, numerous yeasts are visible (Figure 3). Around hair follicle mild chronic inflamma-
tion (including eosinophils) can be seen. The rupture of follicle transforms chronic inflam-
mation to acute inflammation consequently abscess formation and granulation tissue can 
be seen [4].

In the syphilitic folliculitis, plasma cells are dominant [6].

There are some possible and practical methods for finding the cause of folliculitis such as: 
Gram staining (for bacteria), PAS or silver stain (for fungi) and immunohistochemistry (for viral 
causes). However, the sensitivity of these methods can be low. The more sensitive and specific 
methods such as fresh tissue culture, PCR, etc., can be used for microorganism typology [6].

Folliculitis can also be classified according to microanatomic structure of the skin which is 
involved. Most of bacterial folliculitis involves the superficial part of hair follicle that is why 
they are called superficial bacterial folliculitis. The superficial folliculitis caused by S. aureus 
is also called impetigo of Bockhart. In deep folliculitis tenderness, warmth, and erythema are 
visible in a wide area. Nodules are formed. They are most commonly seen in buttocks, axilla, 

Figure 2. In a bacterial folliculitis case, predominantly neutrophilic infiltrate is present in the upper dermis and invades 
the follicular epithelia (HE ×100).

Acne and Acneiform Eruptions142



mostly Malassezia globosa (Malassezia furfur). Inside the dilated hair follicle due to keratin 
plug, numerous yeasts are visible (Figure 3). Around hair follicle mild chronic inflamma-
tion (including eosinophils) can be seen. The rupture of follicle transforms chronic inflam-
mation to acute inflammation consequently abscess formation and granulation tissue can 
be seen [4].

In the syphilitic folliculitis, plasma cells are dominant [6].

There are some possible and practical methods for finding the cause of folliculitis such as: 
Gram staining (for bacteria), PAS or silver stain (for fungi) and immunohistochemistry (for viral 
causes). However, the sensitivity of these methods can be low. The more sensitive and specific 
methods such as fresh tissue culture, PCR, etc., can be used for microorganism typology [6].

Folliculitis can also be classified according to microanatomic structure of the skin which is 
involved. Most of bacterial folliculitis involves the superficial part of hair follicle that is why 
they are called superficial bacterial folliculitis. The superficial folliculitis caused by S. aureus 
is also called impetigo of Bockhart. In deep folliculitis tenderness, warmth, and erythema are 
visible in a wide area. Nodules are formed. They are most commonly seen in buttocks, axilla, 

Figure 2. In a bacterial folliculitis case, predominantly neutrophilic infiltrate is present in the upper dermis and invades 
the follicular epithelia (HE ×100).

Acne and Acneiform Eruptions142

and legs. Furuncle: deep folliculitis includes only one hair follicle. More than one furuncle 
combines to form carbuncle [5].

In some textbooks the term “acneiform folliculitis” can be seen. This term means that there is 
an acneiform dilatation in the hair follicle (e.g., pityrosporum folliculitis).

In demodex folliculitis, besides the mites located inside the hair follicle, follicular spongiosis, 
perifollicular lymphohistiocytic inflammation also draws attention. An isolated folliculitis is 
generally self-limited. In old and advanced lesions of all folliculitis perifollicular fibrosis can 
be visible.

When clinically folliculitis is among the differential diagnosis but histopathologically the 
lesion is not seen in biopsy sections, deeper and serial sections must be taken. When histo-
pathologically folliculitis diagnosis is made but no microorganism is detected, additional his-
tochemical and immunohistochemical stains can be implemented. Acneiform lesions should 
be thought primarily when no microorganisms detected microscopically and by applying 
additional methods (culture, etc.). On the other hand, for diagnosis of acneiform lesions a 
hundred percent clinical correlation is required.

Figure 3. Keratin plug of hair follicle contains numerous yeast forms of fungi (HE ×400).
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During investigation if a microorganism is detected, cure rate is very high with appropriate 
treatment (topical antibiotic, topical antifungal, and systemic antiviral drugs).

2.2. Special types of folliculitis and acneiform eruptions

Eosinophils are predominant in some kinds of folliculitis. When eosinophils are predomi-
nantly seen in folliculitis, the first step should not be searching for microorganisms. Eosinophilic 
folliculitis is mostly seen in HIV-positive patient whose CD4 T helper cell count <200–300/µl. 
E. folliculitis is characterized by severe pruritic papules and pustules. Bacteria and yeast fungi 
can accompany this clinic course. Ofuji disease (eosinophilic pustular dermatosis) is a rare 
disease generally detected in Japan, characterized by pruritic follicular papules and pustules 
located on the face and scalp [5].

Histopathologically follicle infundibulum is surrounded by inflammation which is pre-
dominantly composed of eosinophils and few lymphocytes. The follicle can be ruptured but 
granuloma formation is not expected. In the past few years, studies have recommended exclu-
sion of fungal folliculitis with PAS-D and/or GMS (Gomori methenamine silver) staining. 
Eosinophilia in peripheral blood and increased serum IgE levels can be detected in eosino-
philic folliculitis. There is also a self-limiting variant of eosinophilic folliculitis presenting on 
the scalp of children with numerous papules and pustules.

Folliculitis decalvans (perifolliculitis capitis abscedens et suffodiens/dissecting cellulitis of scalp): is a type 
of deep folliculitis, generally affects the scalp and commonly seen in black race. In the year 1952, 
Brunstig described folliculitis decalvans a component of the follicular occlusion triad. Other com-
ponents of the triad include: acne conglobata (a kind of nodulocystic acne) and hidradenitis sup-
purativa (acne inversa or apocrine acne). The histology of these disorders is similar. In all three 
disorders, abscess formation, suppurative granulomas, and finally sinus tracts are formed as a 
result of follicular hyperkeratinization [3]. Generally, culture is negative in these three disorders.

Acne conglobata: giant comedones, cysts, and nodules are located on the neck and chest. These 
lesions leave large irregular scars and can end up with epidermal cysts.

Hidradenitis suppurativa is actually a wrong nomenclature because apocrine and eccrine sweat 
glands are generally affected secondarily. It favors axilla and groins. Histopathologically, the 
hair follicle is dilated and the apocrine gland duct is plugged with keratin.

Some authors accept pilonidal sinus as a component of follicular occlusion triad. In pilonidal 
sinus disease, hair shafts are embedded in fibrosis they continue growing and elongating 
inside fibrosis (Figure 4). Histopathologically dense suppurative inflammation, fragmented 
hairs, abscess formation, and necrosis are seen one within the other.

Acne keloidalis nuchae and acne conglobata (component of follicular occlusion triad) are frequently 
seen together and generally seen in the black race. Acne keloidalis nuchae favors posterior part 
of scalp and neck. Lesions end up with scars. In the beginning, discrete papules and pustules 
are detected [5]. This condition is also called folliculitis keloidalis nuchae. This is among the causes 
of scarring alopecia [4]. In curly hairs, the hair infundibulum is believed to grow backwards 
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and cause a reaction in dermis which in turn triggers scarring. Follicle is surrounded by lym-
phocytes and plasma cells. Inflammation is observed in the upper part of the follicle. Ruptured 
follicles cause secondary granuloma formation. Abscess formation and sinus tracts can also be 
formed. Dense hypertrophic scar and collagenosis is noticeable (Figure 5). Exactly a true keloid 
formation is not seen [6]. Dystrophic calcification can be seen in scarring acne lesions.

Pseudofolliculitis barbae is another entity which has similarities with acne/folliculitis keloidalis 
nuchae [5]. P. barbae is seen in people who have thick and curly hair in beard area. The lesions 
are formed due to the transition of hair from infundibulum to the surrounding epidermis. 
Histopathologically mixed type inflammatory cells and foreign-body-type giant cells are seen 
in the intrafollicular and perifollicular area.

Acne/folliculitis necrotica (acne varioliformis): It is a folliculitis that ends up with scarring and 
alopecia. The lesions present as umbilicated erythematous papules and pustules. The lesions 
are located in the follicle. Comedones are not expected [2]. The term acne is misnomer. 
Histopathologically perifollicular lymphocytic infiltrate is seen. This infiltrate makes exocytosis 
into follicular epithelia and causes dense necrosis in keratinocytes. In advanced lesions, necrosis 
of the follicles can be confluent and clinically ends up with formation of depressed scars [6].

There are some acne forms that are induced or developed by drugs, sunlight exposure, impul-
sive skin picking, or different materials.

Acne cosmetica (pomade acne): this clinical entity is a temporary follicular occlusion that ends 
up with acneiform eruption. Acne cosmetica is caused by dense cosmetic usage. The follicle 
infundibulum is dilated and thin.

Figure 4. Chronic abscess which is formed by hair shafts and chronic inflammatory cells (HE ×100).
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Overuse of bromides triggers severe acneiform lesions which is called halogenoderma/iodo-
derma/bromoderma/fluoroderma. Histopathologically in addition to classical acne findings, 
pseudoepitheliomatous hyperplasia, intraepithelial small abscess and granulomatous inflam-
mation can be seen [3].

Chemical exposure to mineral oils and dioxin can cause acneiform eruptions predomi-
nantly comedones, this is called chloracne. The comedones are shaped as a bottle or column. 
Follicular keratin stasis and increased melanocytic activity is detected in epidermis and hair 
infundibulum [7]. Steroid-induced acne is caused as a result of high dose corticosteroid treat-
ment. In contrast to chloracne comedones are not expected. Generally monomorphic pustules 
are observed [8]. EGFR inhibitors can cause acneiform drug reaction [3].

Acne aestivalis (Mallorcan acne): presents with papules and pustules, favors head and neck, 
sun exposure triggers the lesions. Histopathologically folliculitis and necrosis of follicular 
epithelia is noticeable [9, 10].

Acneiform lesions can be seen both in Behcet’s and Wegener’s diseases.

Figure 5. Fibrosis in the dermis which can turn into a hypertrophic scar (clinically an acne keloidalis nuchae case) (HE 
×100).
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Morbus Morbihan (Morbihan disease): is a clinical form of severe acne which presents with solid 
facial edema and favors primarily the central face area.

Acne fulminans: characterized by abrupt onset of tender nodules, plaques, and ulcers. Clinically 
fever, lymphadenopathy, hepatosplenomegaly, weight loss, etc., can accompany.

Acne Excoriee: scratched acneiform lesions seen in young women due to impulsive picking 
emotion.

Acne mechanica: acneiform lesions are observed secondary to hair friction caused by hat, hel-
met, etc. [3].

Nevus comedonicus (acne nevus): is a term used when multiple open comedones are gathered 
together on a plaque lesion [3]. This lesion can also be evaluated as a hamartoma made up of 
small infundibular cysts [6].

In conclusion, a comprehensive dermatological examination and detailed history taking is 
indispensable in all clinical entities mentioned above.

Flowchart 1 summarizes all the above-mentioned clinical entities.

2.3. Acne vulgaris/pimples

Acne vulgaris is the prototype of acneiform lesions and is the inflammatory disease of sweat 
glands and pilosebaceous units, mostly observed in teenagers and young adults. In contrast 
to age predilection, race and sex predilection do not exist. The clinical course is severe in male 

Flowchart 1. A simple, practical approach to basic kinds of folliculitis.
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patients [2]. Acne lesions favor forehead, chin, cheek, chest, shoulder, and back. Family his-
tory may be present. In most patients, the lesions regress in a few years period.

The lesions are generally presented as erythematous papules, pustules, blackheads, and 
whiteheads. In severe cases, tender and painful nodules and cysts can be apparent. Because 
hair follicle is plugged with keratin, excreted sebum is accumulated in addition to P. acnes 

Figure 6. Pilosebaceous unit has started to be dilated with keratin plugging, also a mild perifollicular inflammation can 
be seen (HE ×100).

Figure 7. A kind of fibrotic process at the neighborhood of dilated follicle can be noticed (HE ×100) (Same case with 
Figure 6).
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colonization and all these steps lead the follicle to folliculitis. Severe desquamation of follicle 
epithelia and sebaceous gland epithelia also plays a role in pathogenesis.

Acne vulgaris lesions are studied in two groups: noninflammatory (blackheads and white-
heads or comedones) and inflammatory (folliculitis, etc.). Acne lesions can end up with 
postinflammatory hyperpigmentation and scars (Figures 6–8). Keloid formation is quite rare.

Figure 8. Deeper part of the same lesion in Figures 6 and 7. Scar formation and an entrapped tiny hair follicle can be 
defined (HE ×100).

Figure 9. A closed comedone that has a narrow orifice on epidermal side (HE ×40).
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Acne is diagnosed clinically, and biopsy confirmation is generally not required. Histopathologically 
noninflammatory lesions (comedones) are a kind of follicular retention cysts. These tiny cysts 
may consist of cornified cells, hair shafts, sebum, P. acnes, and other bacteria. Closed comedones’ 
orifices on epidermis can be normal in size, mild wider, or narrower (Figures 9–11). However, 
open comedones’ orifices on epidermis are definitely dilated (Figure 12) [6]. The precursors of 
inflammatory lesions are generally closed comedones or subclinical microcomedones. Open 

Figure 11. Microcomedone that has a smaller dilatation of follicle opening and a few mononuclear inflammatory cells 
basically around the follicular epithelia (HE ×100).

Figure 10. Comedone consists of lamellar keratin, hair shaft, and some bacteria (HE ×200).
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comedones do not trigger the inflammatory process. In comedonal lesions around the affected 
hair follicle, few inflammatory cells may be present.

Inflammatory lesions may progress in the following pattern: papule→pustule→nodule→cyst.

Comedonal lesions due to retention the follicular wall is quite thin and the follicular content 
oozes into adjacent dermis which in turn causes accumulation of inflammatory cells in der-
mis. This process plays the major role in the formation of inflammatory lesions. When the 
follicle wall becomes much thinner, the follicle may rupture and lead to pustule (Figure 13) 
and by the time, nodule formation is in deep dermis. Depending on follicular damage and 
severity of inflammatory response scar formation, dermal necrosis, and confluent abscesses 
formation can be observed. Perifollicular elastolysis can be noticed in acne vulgaris scars [8].

In a noninflammatory lesion if the follicular opening does not expand the follicular wall 
becomes thinner thus follicular rupture becomes inevitable [8]. Spongiosis is noticeable in fol-
licular epithelia of both inflammatory and noninflammatory lesions. In inflammatory lesions 
the inflammatory cells attacking follicular epithelia or perifollicular inflammatory cells are 
composed of mixed type cells (polymorphonuclear leucocytes, lymphocytes, histiocytes). 
Foreign-body-type multinuclear giant cells and/or granulomatous reactions can be observed 
as a result of follicular rupture (Figure 14).

2.4. Acne rosacea (adult onset acne) 

Rosacea is a disease characterized by macular erythema and flushing of central face generally 
affecting adult population. Some authors classify acne rosacea as a vascular and follicular dis-
ease. In a true rosacea, typical acneiform lesions such as papules and pustules are observed. 
However, comedones are not an important component of acne rosacea. In contrast to acne 
vulgaris, increased sebum is not the subject in acne rosacea. Sometimes acne rosacea can lead 

Figure 12. An opened comedone with keratin plugging, wider orifice on epidermis, and mild perifollicular inflammation 
(HE ×100).
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Figure 14. After the rupture of hair follicle, foreign body type inflammatory reaction can be seen (HE × 200).

Figure 13. A deep ruptured folliculitis, severe mixed type inflammation and a destroyed hair follicle (HE ×100).
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to blepharitis and phyma formation. In acne rosacea, flushing can be triggered by warmth, 
cold, alcohol intake, and spicy foods. Granulomatous lesions can be confronted within acne 
rosacea which present as yellow-brown nodular lesions [5].

Histopathological findings differ according to the stage of disorder.

In early nonpustular lesions, telangiectasia is in the foreground also perifollicular and peri-
vascular mixed type inflammation (lymphocytes, plasmocytes, macrophages, eosinophils, 
and polymorphonuclear leucocytes) draw attention (Figures 15 and 16). Abnormal dermal 
vessel regulation hypothesis is postulated but there is no objective method for evaluating 
telangiectasia [11, 12]

Acne rosacea can rarely be extrafascial and/or generalized [2]. Acne rosacea more commonly 
affects women who have type 1 celtic descent skin phenotype. Some methods are present for 
clinical staging and severity scoring of acne rosacea [2, 13].

In pustular lesions, an increased amount of polymorphonuclear leucocytes are observed. In 
severe rosacea (rosacea fulminans, pyoderma faciale), polymorphonuclear leucocytes are pre-
dominant cells. In the epithelia of hair follicle, spongiosis can be seen in infundibulum part 
(Figure 17). Follicular rupture can cause granulomatous reactions. Sometimes caseification 
necrosis can be observed in the center of granulomatous reaction. Solar elastosis can be gener-
ally present in rosacea lesions. However, solar elastosis can be a coincidence rather than a spe-
cific finding of acne rosacea because solar elastosis is generally present in patients above 40 
years of age, in addition to central face is under dense exposure of sunlight throughout life [2].

Figure 15. There is a mild-moderate inflammation in dermis and also telangiectatic vascular structures with solar 
elastosis in the upper dermis (HE ×100).

Histopathologic Evaluation of Acneiform Eruptions: Practical Algorithmic Proposal for Acne Lesions
http://dx.doi.org/10.5772/65494

153



Figure 17. A severe rosacea case that has intensive inflammatory infiltrate (polymorphonuclear leucocytes are dominant) 
(HE ×100).

Figure 16. Lymphocyte predominant inflammation in the upper dermis, around the telangiectatic vessels (HE ×200).
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Most of resources use the clinical classification method [14, 15] that has four types of acne rosacea:

1. Erythematotelangiectatic

2. Papulopustular

3.  Phymatous

4. Ocular

Rhinophyma or phyma formation (nose, chin, auricle, and forehead) can be seen in  the most 
advanced stages of acne rosacea.

In order to reach this stage, episodic flushing → persistent flushing → papulopustular stages 
must be passed.

In the histopathologically evaluation of rhinophyma, different amounts of lymphocytic 
inflammation, sebaceous hypertrophy, nodular ectatic vessels, hyperkeratosis [4], fibrosis, 
solar elastosis [6], and mucin accumulation can be observed [8]. Rhinophyma is generally 
irreversible and surgical intervention is required.

Telangiectatic vascular structures surrounding the rhinophymatous papules may evoke the 
suspicion of basal cell carcinoma for a clinician [16]. In this case, a biopsy can be done for the 
exclusion of basal cell carcinoma.

In granulomatous rosacea where long-term phymatous lesions are present in the face, acne 
agminata (lupus miliaris disseminatus faciei, acnitis) [5] or FIGURE (facial idiopathic granuloma with 
regressive evolution) [2] can also be observed. In this disease, caseification necrosis is seen in the 

Figure 18. There are granulomas that have caseification necrosis in their center and multinuclear histiocytic giant cells 
in dermis (HE ×100).
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center of pealike granulomas (Figure 18). The granulomas are ARB (acid resistant bacteria) 
negative; no microorganisms are found in PCR. Because of the caseific and amorphic eosino-
philic material, the morphology of the granuloma is similar to that of rheumatoid nodule [17]. 
Acne agminata is the best identified form of granulomatous rosacea. Acne agminata do not 
involve extrafascial areas, within years the lesions undergo resolution.

Perioral-periocular dermatitis: is very similar to acne rosacea, some authors acknowledge this as 
the same entity with acne rosacea [5]. Symmetrically distributed erythematous papules and 
pustules are observed around mouth and eyes. Steroid abuse can induce perioral-periocular 
dermatitis. Telangiectasia is not expected in perioral dermatitis. Histopathologically mild 
acanthosis in epidermis, parakeratosis (especially in the ostium of hair follicle) with peri-
vascular and perifollicular lymphocytic inflammation is present. The presence of a relation 
between demodex mite and acne rosacea or other acne forms has been observed.

3. Demodex and demodicosis

Demodex can be found in the normal fauna of the pilosebaceous unit. For this reason, gener-
ally it is not mentioned in the pathology reports. However, changing degrees of inflammatory 
reactions (from accumulation of lymphocytes up to suppurative and granulomatous reac-
tions) are related to demodex mites [3]. Demodex favors sebaceous areas. Density of demodex 
mites increases with age.

Two species of demodex inhabit in human: Demodex folliculorum and Demodex brevis.

Life cycle of demodex mite is as follows: ova→larvae→protonymph→nymph→adult [16].

The aid of its mouth, D. folliculorum moves inside the follicle. The tail is in the caudal part 
(Figure 19). D. folliculorum has eight ova, and each ovum has an arrowhead-like structure and 
is big in size. Demodex folliculorum is the most frequent demodex living on human beings. In 
each hair follicle so many D. folliculorum can live.

D. brevis is smaller than D. folliculorum, and the ovum is oval shaped. This type is not as frequent 
as D. folliculorum. In each follicle, one or two D. brevis can inhabit. D. folliculorum and D. brevis 
can live together in the same host. Mites are nourished from epithelial and glandular cells.

In 1993 Bonnar et al. [18], removed the stratum corneum of the skin by the help of cyanoacry-
late glue and investigated the follicular contents. The mite count was significantly increased 
in patients who had acne rosacea compared to normal people. This study showed the relation 
between acne rosacea and demodex mites. This study is one of the studies that conclude the 
relationship between acne rosacea and demodex mites [17].

The pathogenetic mechanisms of Demodex in rosacea can be:

• foreign body reaction against the parasite

• immune reaction of the host toward the parasite

• the parasite serving as a vector for bacteria [18].
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Clinically demodicosis also can be divided into primary and secondary demodicosis.

Primary demodicosis: D. folliculorum is found in the disease-free T region of the face (there is 
no sign and symptom).

Secondary demodicosis: more than 30% of the face is affected. Signs and symptoms of the 
disease are present (erythema, pruritus, etc.), this clinic course is thought to be induced by 
D. brevis [19].

Furthermore, there are three forms of traditionally identified demodicosis:

• pityriasis folliculorum,

• rosacea like demodicosis,

• demodicosis gravis [2].

In Flowcharts 2 and 3, we tried to establish a simple algorithm for making diagnosis easier.

Figure 19. Demodex mites inside the hair follicle, perifollicular inflammatory cells and exocytosis of these inflammatory 
cells (HE ×200).
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Flowchart 2. A simple clinicopathological approach to central facial lesions.

Flowchart 3. Acne vulgaris and related diseases.
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Abstract

Introduction: Acne, a chronic inflammatory disorder of pilosebaceous unit, is char-
acterized by comedones, pustules, papules, nodules, cysts, and scars. It affects nearly 
85% of adolescents. High sebaceous gland secretion, follicular hyperproliferation, high 
androgen effects, propionibacterium acnes colonization, and inflammation are major 
pathogenic factors. Systemic disease or syndromes that are associated with acne are less 
commonly defined. Therefore, these syndromes may not be usually recognized easily.

Research methods: Acne-associated syndromes prove the nature of these diseases and 
are indicative of pathogenesis of acne. Polycystic ovary (PCOS), synovitis-acne-pustu-
losis-hyperostosis-osteitis (SAPHO), hyperandrogenism-insulin resistance-acanthosis 
nigricans (HAIR-AN), pyogenic arthritis-pyoderma gangrenosum-acne (PAPA), pyo-
derma gangrenosum-acne vulgaris-hidradenitis suppurativa-ankylosing spondylitis 
(PASS), pyoderma gangrenosum-acne conglobate-hidradenitis suppurativa (PASH), 
seborrhea-acne-hirsutism-androgenic alopecia (SAHA), and Apert syndromes are well-
known acne-associated syndromes. Endocrine disorders (insulin resistance, obesity, 
hyperandrogenism, etc.) can be commonly seen in these syndromes, and there are too 
many unknown factors that must be investigated in the formation of these syndromes.

Conclusion—key results: If we are aware of the component of these syndromes, we will rec-
ognize those easily during dermatological examination. Knowledge of clinical manifestations 
and molecular mechanisms of these syndromes will help us to understand acne pathogenesis. 
When acne pathogenesis is explained clearly, new treatment modalities will be developed.

Keywords: acne, syndrome, PCOS, HAIRAN, PAPA, PASH, Apert, SAPHO, SAHA, 
acne-associated syndromes

1. Introduction

Acne vulgaris is a common chronic inflammatory disease of the pilosebaceous unit. Acne is 
typically thought as an adolescent disease but it is also seen in adulthood anymore [1].

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Although there are lots of studies about the pathogenesis of acne, all pathogenetic factors 
are not known very well. Four main pathways are described in acne pathogenesis: increased 
sebum production, abnormal keratinization, Propionibacterium acnes colonization, and inflam-
mation [2]. Acne is a multifactorial disease and sometimes associated with systemic disorders. 
Acne may be a potential skin marker of internal disease or a component of syndromes such as 
PCOS, HAIR-AN, PAPA, PASH, SAPHO, SAHA, and Apert. To know about the pathogenesis 
of those will help us to understand the acne pathogenesis [3, 4].

Herein, we aim to mention about acne-associated syndromes and their clinical and pathoge-
netic features.

2. Polycystic ovary syndrome (PCOS)

Polycystic ovary syndrome (PCOS) is an ovarian disease characterized by hyperandrogenism, 
chronic anovulation, and polycystic ovaries. It is one of the most common endocrinopathy 
that affects 4–12% of women of reproductive age [5].

Its etiology is unknown, but it was first described by Drs Irving Stein and Michael Leventhal 
in 1935. They discovered polycystic ovaries in seven patients who had anovulation during 
surgery and described this disorder as the name of Stein-Leventhal syndrome [6]. Later diag-
nostic criteria were developed.

The National Institutes of Health (NIH), the Rotterdam, and the Androgen Excess Society 
Criteria are used for the diagnosis of PCOS [7, 8]. Nowadays, NIH criteria are the preferred 
diagnostic criteria in adolescents [9].

NIH criteria are the presence of oligoovulation or anovulation and biochemical or clinical 
signs of hyperandrogenism [9]. Before the diagnosis with using these criteria, some condi-
tions must be excluded that result in anovulation and hyperandrogenism, such as congenital 
adrenal hyperplasia, Cushing’s syndrome, and androgen secreting tumors [9]. Thyroid dis-
ease, hyperprolactinemia must also be excluded.

Although pathogenesis of PCOS is not understood very well, it is thought that hormonal 
pathways contribute to this process. The pulse frequency of gonadotropin-releasing hormone 
(GnRH) increases in PCOS and stimulates to the anterior pituitary gland to secrete luteinizing 
hormone (LH) more than follicle-stimulating hormone (FSH), resulting in an increased ratio 
of LH to FSH. The increase in LH relative to FSH stimulates the ovarian theca cells to syn-
thesize androstenedione. Consequently, the net ovarian androgen production increases [10]. 
Insulin has also a role in the pathogenesis of PCOS by stimulating the ovarian theca cell to 
secrete androgens as LH and also inhibits hepatic production of sex hormone binding globu-
lin (SHBG). As a result, free and total androgen level increases.

Obesity is another component of this syndrome and contributes pathogenesis via insulin 
resistance [10].

Insulin resistance and hyperandrogenism are responsible for the cutaneous involvement of 
PCOS. Insulin resistance causes acanthosis nigricans (AN), and hyperandrogenism leads 
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to hirsutism, acne, oily skin, seborrhea, and hair loss (androgenic alopecia). It is estimated 
that 72–82% of women with PCOS have cutaneous signs [11]. PCOS has also multisystemic 
effects and is associated with lots of diseases including infertility, endometrial cancer, obesity, 
depression, sleep-disordered breathing/obstructive sleep apnea (OSA), nonalcoholic fatty 
liver disease (NAFLD), and nonalcoholic steatohepatitis (NASH), type 2 diabetes mellitus 
(T2DM), and cardiovascular diseases [9]. Patients with PCOS are usually first seen by a der-
matologist. Because of the above comorbidities, dermatologists should know the diagnosis 
and clinical findings of PCOS very well.

Cutaneous findings in women with PCOS are related to abnormalities of the pilosebaceous 
unit. Increased androgen levels activate abnormal development of the pilosebaceous unit, and 
hirsutism, acne or androgenic alopecia. Androgenic alopecia is luckily rare among women 
with PCOS because of its complex etiology. Acanthosis nigricans (AN) and skin tags are the 
other skin disorders in PCOS [12].

Although acne, hirsutism, and AN were the most common skin manifestations, hirsutism 
and AN were the most sensitive for PCOS diagnosis [13]. In previous reports, the range of 
acne prevalence in PCOS is 15–95%. While hirsutism affects 5–15% of women in the general 
population, previous reports showed hirsutism prevalence between 8.1 and 77.5% in women 
with PCOS. In patients with PCOS, hirsutism is also a sign of metabolic abnormalities [13].

AN is also associated with substantial metabolic dysfunction (increased insulin resistance, 
glucose intolerance, body mass index, and dyslipidemia).

Therefore, the presence of AN and hirsutism should warn us regarding a patient’s potential 
metabolic risk factors. A broad range in the prevalence of AN among women with PCOS 
(2.5% in the United Kingdom, 39 5.2% in Turkey, 16 and 17.2% in China) were observed [13].

Although patients with PCOS frequently refer to dermatologists with cutaneous concerns, it 
is important to educate them about the metabolic and fertility-related implications of PCOS.

Hormonal therapy (combination estrogen and progesterone oral contraceptives, antian-
drogens: spironolactone, cyproterone acetate, drospirenone, flutamide, and inhibition of 
peripheral androgen conversion: finasteride), insulin-sensitizing agents (metformin, thia-
zolidinediones), and nonhormonal therapy (standard acne, hirsutism, androgenetic alopecia 
therapy) are treatment options [14].

Pharmacologic treatment is not every time necessary for all patients with PCOS. Mild forms 
of hirsutism, acne, and androgenetic alopecia may be controlled with standard nonhormonal 
agents and life style changes (weight loss, diet, exercise, glucose control) [14].

3. Hyperandrogenism-insulin resistance-acanthosis nigricans syndrome 
(HAIR-AN syndrome)

Hyperandrogenism-insulin resistance-acanthosis nigricans syndrome (HAIR-AN syndrome) 
is a subphenotype of polycystic ovary syndrome. It is clinically characterized by acne, obe-
sity, hirsutism, and acanthosis nigricans. It usually manifests in early adolescence. Although 
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etiology is not known very well, genetic, environmental factors, and obesity are estimated to 
cause HAIR-AN syndrome. The primary abnormality in patients with HAIR-AN syndrome is 
thought to be severe insulin resistance. In those patients, insulin levels increase and stimulate 
the overproduction of androgens in the ovaries [15].

Patients may also present with amenorrhea and signs of virilization. Although adrenal function 
is normal, the levels of insulin, testosterone, and androstenedione may be high. Adolescents 
with HAIR-AN syndrome usually have normal levels of luteinizing hormone (LH) and folli-
cle-stimulating hormone (FSH) but the ratio of LH to FHS is usually more than one [16].

Clinical findings are related to insulin resistance and hyperandrogenism so patients first refer 
to dermatologist, endocrinologist, or gynecologist with hyperandrogenism signs (hirsutism, 
androgenic alopecia, male body habitus acne, menstrual dysfunction, increased libido, cli-
torimegaly) or insulin resistance signs (polydipsia, polyuria (often subclinical), acanthosis 
nigricans, skin tags, and obesity [17] (Figure 1).

Polycystic ovary syndrome (71–86%), congenital hyperplasia of the adrenal (3–10%), adrenal 
and ovarian tumors (0.3%), and idiopathic hirsutism (10%) are, respectively, the most com-
mon reasons of hyperandrogenism. Except those, HAIR-AN syndrome should also keep in 
mind as a reason of hyperandrogenism that is seen in almost 5% of females with hyperan-
drogenism [18].

Figure 1. Acanthosis nigricans, from Nahide Onsun’s photos.
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For HAIR-AN syndrome diagnosis and follow-up, in addition to history and physical exami-
nation, a complete blood cell count, thyroid screen, serum prolactin, glucose and insulin mea-
surements, serum electrolyte, and lipid panel should be evaluated [17] because Cushing’s 
syndrome, Hashimoto’s thyroiditis, Grave’s disease, and congenital adrenal hyperplasia 
may accompanied with HAIR-AN syndrome [4]. To investigate the origin of hyperandrogen-
ism, total testosterone, levels of 17-hydroxyprogesterone, dehydroepiandrosterone sulfate 
(DHEAS), levels of luteinizing and follicle-stimulating hormones, and morning cortisol after 
a low dose of dexamethasone should be analyzed [17].

High level of DHEAS should warn us about the possibility of an androgen-producing tumor 
of the adrenal gland. Increased 17-hydroxyprogesterone is usually seen in congenital adrenal 
hyperplasia. Patients with Cushing’s syndrome have elevated levels of circulating androgen, 
and abnormal secretion of cortisol. In those, increased basal levels of cortisol and failure of 
suppression after stimulation with dexamethasone are observed. In polycystic ovarian syn-
drome, LH/FSH ratio is usually >2.5 (may see in normal patients as well). Although there 
is not an underlying virilizing tumor (ovarian or adrenal) in HAIR-AN syndrome, plasma 
testosterone level is high [19].

In the treatment, lifestyle changes like exercise, lower-calorie diet rich in fiber and protein are 
advised to patients. Metformin can also be prescribed. Other choices are estroprogestatif pills 
and antiandrogens [20].

4. SAHA syndrome

SAHA syndrome was first described in 1982, characterized by seborrhea, acne, hirsutism, and 
androgenetic alopecia [21]. The SAHA syndrome is classified into four types: idiopathic, ovar-
ian, adrenal, and hyperprolactinemic [21], and it can be associated with polycystic ovaries, 
cystic mastitis, obesity, insulin resistance, and infertility [4, 21].

In the pathogenesis of SAHA, increased androgen synthesis in adrenals and ovaries, dis-
turbed peripheral metabolism of androgens, or induction of metabolism and activation of 
androgens in the skin may play important role [4].

Approximately 20% of the patients have all four major signs of SAHA syndrome. Seborrhoea 
is observed in all of patients, androgenetic alopecia is seen in 21% of the patients, and acne in 
10% and hirsutism in 6% of the patients [4].

The management of disorder resembles HAIR-AN and PCOS [22].

5. APERT syndrome

Apert syndrome is a rare congenital type I acrocephalosyndactyly syndrome (acrocephalosyn-
dactyly type I). It was first described in 1906 by the French physician Eugène Apert, characterized 
by the premature fusion of the craniofacial sutures and syndactyly of the hands and feet [23].
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The syndrome is inherited in an autosomal dominant fashion, a rare congenital disease. It is 
caused by a genetic mutation in the FGFR2 gene, and approximately 98% of all patients have 
specific missense mutations of FGFR2 [24].

FGFR2 is responsible for the development of embryonic skeleton, epithelial structures, and 
connective tissue [25]. Craniofacial deformities, hypertelorism, dental and palatal abnor-
malities, proptosis of the eyes, different skeletal deformities, hydrocephalus, abnormal 
brain development, mental retardation, blindness, cardiovascular, urogenital, gastrointes-
tinal, respiratory, and skin abnormalities can be seen in patients with Apert syndrome [25].

Dermatologic associations of Apert syndrome was not known when first described in 1906 
[26]. In 1970, Solomon first reported the dermatologic manifestation of this disorder, which is 
severe acneiform lesions [27]. The other skin manifestations are hyperhidrosis, hypopigmen-
tation, and hyperkeratosis of plantar surfaces [27].

In this syndrome, the pathogenesis of acne is not understood very well but increased fibro-
blast growth factor receptor-2 (FGFR2)-signaling is suspected to be of pathophysiological 
importance in acne vulgaris because it was reported that in skin cultures, keratinocyte-derived 
interleukin-1α stimulated fibroblasts to secrete FGF7 which stimulated FGFR2b-mediated 
keratinocyte proliferation [28]. In acne pathogenesis, increased levels of interleukin-1α (IL-
1α) are seen in comedones, and an important pro-inflammatory cytokine stimulates kerati-
nocyte proliferation, hyperkeratinization, and decreased desquamation of comedo formation 
[28]. Patients with Apert syndrome usually have oily skin. Moderate to severe acne, occurring 
in childhood or early adolescence, affecting the forearms, which is an unusual site for conven-
tional acne, is often observed [23, 28]. Comedones, papules, pustules, furunculoid cysts, and 
scars as seen in conglobate acne can be seen. It is very difficult to treat, and often unresponsive 
to therapy but good response to oral isotretinoin [23, 26, 28].

Although isotretinoin therapy has good treatment option, it has serious adverse effects such 
as teratogenicity, hepatic dysfunction, elevation of cholesterol and triglyceride levels, visual 
changes, pseudotumor cerebri, musculoskeletal pain, hyperostosis, mucocutaneous dryness, 
and dryness of the eyes. Therefore, the risk/benefit ratio in treatment of acne lesions with 
isotretinoin in children with Apert syndrome should be evaluated well [26].

6. Synovitis, acne, pustulosis, hyperostosis, and osteitis (SAPHO) 
syndrome

SAPHO syndrome was first defined in 1987 by Chamot et al. and its characteristic clinical findings 
are synovitis, acne, pustulosis, hyperostosis, and osteitis [29]. The etiology is controversial [30]. 
Although infections (Propionibacterium acnes, Corynebacterium sp.), seronegative spondylo-
arthropathies (psoriasis, sacroiliitis, enthesitis, inflammatory bowel disease, axial involvement), 
genetic factors, and stress were responsible for the pathogenesis, those are only hypothesis [30].

Propionibacterium acnes is estimated to play a pathogenic role in SAPHO syndrome. 
Productions of microbial determinants of P. acnes stimulate innate immune response through 
TLR-2. TLR-2 induces inflammatory cytokines via NF-jB and mitogen-activated protein kinase 
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pathway [31]. Recent reports also showed that SAPHO syndrome had similar features with 
other autoinflammatory disease. IL-1β, TNF-α, and IL-8 were suggested to be important in 
the pathogenesis of SAPHO [32].

Two cohort studies investigated genes PSTPIP2, LPIN2, NOD2, PSTPIP1, and PTPN22, but did 
not show causal mutations. Therefore, SAPHO syndrome is thought as a polygenic disease [33].

SAPHO syndrome is a rare disease so usually misdiagnosed because this syndrome have sim-
ilar clinical features with infectious discitis, seronegative SpA, and psoriatic arthritis (PsA), 
and skin and bone lesions may appear at different times [34].

Standard diagnostic criteria are also controversial such as etiology. The commonly used diag-
nostic criteria of SAPHO syndrome: (i) local bone pain with gradual onset; (ii) multifocal 
lesions, especially in the long, tubular bones and spine; (iii) failure to culture an infectious 
microorganism; (iv) a protracted course for several years with exacerbations and improvement 
with anti-inflammatory drugs; and (v) neutrophilic skin eruptions, mostly palmoplantar pus-
tulosis (PPP), nonpalmoplantar pustulosis, psoriasis vulgaris, or severe acne [30] (Figure 2).

The skin manifestations are those of different neutrophilic dermatoses. PPP is the most com-
mon skin involvement, including pustular psoriasis, representing 50–75% of all dermatologic 
manifestations, psoriasis vulgaris may also be seen among the dermatologic manifestations 
of SAPHO. One fourth of patients have acne conglobata and fulminans with men clearly pre-
dominating [34]. Hidradenitis suppurativa may also be seen.

Figure 2. Pustular psoriasis, from Nahide Onsun’s photos.
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PG, Sweet’s syndrome, and Sneddon-Wilkinson disease are the other rare cutaneous manifes-
tations. IBD especially Crohn’s disease may also be accompanied with SAPHO syndrome [34].

The most of author agree about that SAPHO could be classified within the spectrum of auto-
inflammatory diseases. Therefore, intra-articular or systemic corticosteroids, disease-modify-
ing antirheumatic drugs (DMARDs) such as methotrexate, sulfasalazine, cyclosporine, and 
leflunomide are the treatment options but there are no randomized controlled clinical trials 
for the treatment. Doxycycline can also be thought as a treatment option for P. acnes eradi-
cation [33] Infliximab (INFX), an anti-TNF-α monoclonal antibody, has been showed effec-
tive for the treatment SAPHO patients especially unresponsive or refractory to conventional 
drugs. In recent case series, remarkable improvement of bone, joints, and skin inflammatory 
manifestations was observed with Infliximab (INFX) therapy. In resistant SAPHO cases, the 
IL-1 antagonist anakinra can be also tried [35, 36].

7. PAPA syndrome

PAPA syndrome (pyogenic arthritis, pyoderma gangrenosum, and acne) is an autosomal 
dominant, autoinflammatory disorder. PAPA syndrome was first described as a hereditary 
disease in 1997 [37]. There is a PSTPIP1/CD2BP1 mutation on chromosome 15q that causes 
an increased binding affinity to pyrin and induces the assembly of inflammasomes [37]. The 
caspase, a protease, is activated and converts inactive prointerleukin (IL)-1 beta to its active 
isoform IL-1 beta. Overproduction of IL-1 beta induces to release pro-inflammatory cytokines 
and chemokines. Those are responsible for the recruitment and activation of neutrophils, 
leading to a neutrophil-mediated inflammation [38].

PAPA syndrome is usually presents with severe self-limiting pyogenic arthritis in early 
childhood. Pyoderma gangrenosum (Figure 3) and nodular-cystic acne may be seen around 
puberty and adulthood [37]. Pathergy test is positive in PAPA syndrome and clinically appears 
as pustule formation followed by ulceration [34]. There is not a diagnostic test but acute phase 
reactants and white blood cell count may be elevated because of systemic inflammation [34].

Figure 3. Pyoderma gangrenosum, from Nahide Onsun’s photos.
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Arthritis usually gives good response to therapy with corticosteroids. Pyoderma gangreno-
sum is treated with topical or systemic immunosuppressant drugs. In addition, a few reports 
showed that anti-TNF-α and anti-IL-1 agents are effective in the treatment [39].

8. PASH syndrome

The clinical trial of pyoderma gangrenosum, acne conglobata, and hidradenitis suppurativa 
was described as PASH syndrome by Braun-Falco et al. in 2012. PASH syndrome clinically 
resembles pyoderma gangrenosum, acne conglobata, and pyogenic arthritis (PAPA) syn-
drome, but arthritis is not observed [40].

The molecular basis of PASH syndrome is not known very well. It is accepted as autoin-
flammatory disease. PAPA (pyogenic arthritis, pyoderma gangrenosum, and acne), PAPASH 
(pyogenic arthritis and PASH), and PASH (pyoderma gangrenosum, acne conglobata and 
hidradenitis suppurativa) syndromes clinically have similar components. The absence of 
pathogenic mutations in the PSTPIP1 gene may be used for distinguishing this syndrome 
from other AIDs [41, 42]. Although a genetic mutation was not discovered clearly in PASH 
syndrome, in some case series, NCSTN gene, NOD (nucleotide-binding oligomerization 
domain) genes, the immunoproteasome, and MEFV mutations were reported in PASH syn-
drome [41, 42].

Systemic corticosteroids, traditional antineutrophilic agents (dapsone and colchicine), and 
metformin may be tried at first but standard therapy options for autoinflammatory diseases 
are not usually enough to treat patients with PAPA and PASH syndrome whereas anti-TNF 
therapies and anti-IL-1 therapy are promising new treatment options for drug resistant 
cases [43].
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Abstract

Acne conglobata is the severe form of acne, located on the face, back, and chest with 
large, painful, pus-filled cysts deep in the skin. The abscesses and sinuses result in pain, 
inflammation, and hypertrophic and atrophic scars. In this chapter, we aimed to clarify 
the pathways of acne conglobata and review the treatment options based on the literature.

Keywords: acne, nodule, severe, scar, treatment

1. Introduction

Acne conglobata (AC) is a severe chronic inflammatory disorder characterized by the presence 
of comedones, cysts, and scars on the face, back, and chest. It affects deep skin tissue and can 
result in swelling, bleeding, pain, and scarring. The clinical effects of treatment options for 
acne conglobata are often unsatisfactory because of a long course of therapy, side effects, the 
high rate of recurrence, and failure to prevent scar formation. Therefore, we aim to discuss the 
treatment options based on the literature in this chapter.

2. Clinical presentation

Acne conglobata (AC) is the uncommon and severe form of acne, characterized by large, 
tender nodules; draining sinuses; and interconnecting abscesses with seropurulent discharge. 
These lesions are generally located on the back, chest, and face. Healing of the nodules, 
abscesses usually causes hypertrophic and atrophic scars. Besides, chronic scars of AC may 
result in squamous cell carcinoma [1]. This disease is common in males more than females. 
The disease affects young adults and adolescents more frequently than elder people.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Acne conglobata may develop owing to acute flare of existing acne, or it may occur as the 
rebound of acne that has been latent for a long time.

Synovitis, pustulosis, acne conglobata, hyperostosis, and osteitis are clinically specific inflam-
matory disorders that may be seen barely in the same patient in a syndrome known as SAPHO 
syndrome [2].

Acne conglobata may also be associated with the PAPA syndrome, which consists of pyogenic 
arthritis, acne conglobata, and pyoderma gangrenosum [3].

The primary causes of acne conglobata are still unknown. The HLA-A and HLA-B pheno-
types were evaluated in six patients with acne conglobata and hidradenitis suppurativa, in 
four of whom had HLA-B7 cross-reacting antigens and all had HLA-DRw4 [4]. Other causes 
include using anabolic steroids, withdrawal of testosterone therapy, nutrition or medications 
that contain bromine or iodine, aromatic hydrocarbons, and adrenal gland tumors which 
release large amount of androgens [5].

Acne conglobata can be malodorous, and patients may eliminate themselves from commu-
nity. Severe scarring can lead to psychological problems, such as anxiety, depression, and low 
self-esteem in many patients.

3. Treatment

Isotretinoin (13-cis retinoic acid) is an oral pharmaceutical drug primarily preferred in the 
treatment of severe nodular acne. The adverse effects are the flare of acne, cheilitis, xerosis, an 
increased susceptibility to sunburn, muscle aches, myalgias, and headaches. The patients need 
to be monitored for blood lipids and liver enzymes especially closely. It has an X category for 
pregnancy.

Isotretinoin, generally combined with prednisone, is the approved therapy for severe acne con-
globata. The recommended dosage of isotretinoin is 0.5–1.0 mg/kg/day for at least 4–5 months [6].

Gollnick et al. compared the effectiveness and safety profile of combined azelaic acid cream 
plus oral minocycline with oral isotretinoin in severe acne. Their study involved 85 patients 
with nodular papulopustular acne or acne conglobata who were treated for 6 months. 
AA cream was applied twice daily, and minocycline was taken twice daily in a dose of 50 mg 
(daily 100 mg). The doses of isotretinoin were 0.8 mg/kg for the first month, 0.7 mg/kg for the 
second month, 0.5–0.7 mg/kg for the third month, and 0.5 mg/kg for the fourth to sixth months 
per day [7].

In the 6-month course, 50 patients in the combined therapy group achieved median reduc-
tion of facial comedones, 70%; of papules and pustules, 88%; and of deep inflammatory acne 
lesions, 100%, while 35 patients in the oral isotretinoin group achieved reduction of comedones, 
83%; of papules and pustules, 97%; and of deep inflammatory acne lesions, 100%. Overall, oral 
isotretinoin was more effective than the combined treatment. The local side effects observed 
under the combination of AA and minocycline were significantly lower than that seen with 
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isotretinoin (36.5% versus 65.7%). The incidence of systemic side effects was lower under the 
combined therapy than under isotretinoin (8% versus 14.3%). They suggested that the combi-
nation of topical 20% AA cream and oral minocycline is a highly effective treatment in severe 
forms of acne, and it is better tolerated and associated with fewer risks than oral isotretinoin [7].

TNF-α is one of the important cytokines involved in the pathogenesis of acne conglobata. 
Graham et al. found that Propionibacterium acnes stimulated keratinocytes to produce interleu-
kin (IL)-1α, IL-8, and TNF-α [8]. Caillon et al. showed that levels of TNF-α and IL-8 secretion 
in peripheral blood mononuclear cells were significantly higher than in patients with acne 
vulgaris than controls [9].

As a result of the role of the TNF-α in proliferation of the immune response with the inflam-
matory infiltrate including neutrophils, lymphocytes, and histiocytes, it was hypothesized 
that acne conglobata might benefit from anti-inflammatory therapy. Notable results with 
adalimumab have been reported for the treatment of dissecting cellulitis of the scalp and 
hidradenitis suppurativa [10, 11].

On the other hand, anti-TNF therapy can stimulate paradoxical inflammatory skin conditions, of 
which the most frequent is a psoriasiform eruption. There have been three patients with Crohn’s 
disease, psoriasis vulgaris, and rheumatoid arthritis who were treated with adalimumab in the 
literature. As a result of adalimumab therapy, acneiform eruptions were occurred in these cases 
[12]. It was suggested that genetic predisposition and overlap with the primary inflammatory 
disease and autoimmune sensitivity induced interferon-α and cytokine imbalance [13].

Given the previous success reported with hidradenitis suppurativa, Shirakawa et al. consid-
ered infliximab therapy in a patient with acne conglobata and rheumatoid arthritis. The patient 
had experienced flares of the acne conglobata and side effects of oral isotretinoin. The patient 
was started on the 300 mg (3 mg/kg) of infliximab for the treatment of rheumatoid arthritis. 
The same dose was repeated at weeks 2 and 6. They observed a significant improvement in 
the size and number of his cystic lesions after the third dose. Subsequently, the same doses 
were repeated every 8 weeks and continued for at least 6 months. The patient had achieved a 
decrease in the number of lesions and pain symptoms [14].

Yiu et al. reported a patient with recalcitrant acne conglobata, who was commenced on subcu-
taneous adalimumab at 80 mg loading dose, followed by 40 mg every other week, in combina-
tion with 15 mg prednisolone. Most of the inflammatory nodules resolved within 4 weeks of 
commencing treatment with adalimumab, and this response was maintained at the 12-week 
follow-up [15].

Sand et al. reported another unresponsive patient to doxycycline, oral isotretinoin, combina-
tion of prednisolone and isotretinoin, and combination of isotretinoin and dapsone. They 
initiated monotherapy with adalimumab using an initial loading dose of 80 mg, followed by 
40 mg monthly twice. They observed a significant decrease in the size and degree of inflam-
mation of the nodular lesions 4 weeks after initial treatment and disappearance of all nodular 
lesions after 12 weeks of therapy. The patient had received continuous monotherapy with 
adalimumab, 40 mg, twice monthly for a total of 12 months, and no recurrence of acne lesions 
had appeared [16].
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Vega et al. reported a 14-year-old adolescent with recalcitrant acne conglobata on the face, 
neck, and upper chest. That patient had experienced acne fulminans and flares of severe acne 
while on the isotretinoin and prednisone therapies. Then, twice weekly injections of etan-
ercept 50 mg combined with oral isotretinoin 40 mg/d were started. They observed a clear 
improvement after 2 months of treatment. The patient had completed the isotretinoin cycle 
of 9600 mg over 8 months. They continued etanercept (50 mg/wk) 3 months more, and the 
treatment was completed after 1 year. The patient had experienced no relapse [17].

Schuttelaar et al. reported another young patient with severe acne unresponsive to other 
treatments. They started him on infliximab 5 mg/kg intravenously at 8-week interval. A total 
of eight infusions were administered. After three infusions, they did not observe neither 
new lesions nor activation of the old lesions. After 4 months, they successfully treated negli-
gible relapse of the acne with intralesional corticosteroids. No relapse was occurred at 1-year 
follow-up [18].

Electron beam processing has the ability to break the chains of DNA in living organisms and 
results in local destruction of cells. [19, 20]. The electron beam therapy delivers radiation pri-
marily to the superficial skin lesions and spares the deeper tissues from radiation. Electron 
beam radiation has been used in the treatment of mycosis fungoides, basal cell carcinoma, 
squamous cell carcinoma, and AIDS-related molluscum contagiosum lesions and Kaposi’s 
sarcoma [19–23]. The acute side effects of electron beam radiation are fatigue, itching, tanning, 
and burns. Long-term side effects include dry skin, decreased sweating, skin color changes, 
loss of scalp hair, and the development of dilated blood vessels [24].

Myers et al. reported a 53-year-old patient with acne conglobata and hidradenitis suppu-
rativa who is unresponsive to oral doxycycline, oral ampicillin, triamcinolone intralesional 
injections, topical benzoyl peroxide 5% wash, clindamycin phosphate, 1% topical solution, 
betamethasone valerate 0.1% cream, and cyclosporine 5 mg/kg per day. After these therapies, 
the patient was started a total of eight treatments of modern external beam radiation over 2 
weeks localized to the bilateral mandibular cheeks. Electron energies were 9 MeV. Daily frac-
tion sizes were 2.5 Gy for a total of 20 Gy to each side of the face. Three weeks after radiation, 
the patient reported subjective improvement in cyst size, cyst drainage, pain, and self-esteem. 
He had no significant xerosis or pigmentary abnormalities status after radiation. The patient 
had experienced no relapse at 5-month follow-up [25].

Photodynamic therapy (PDT) is a kind of phototherapy that induces selective cytotoxic 
destruction by the activation of a nontoxic light-sensitive compound with light. Up-to-date 
PDT has been used for several dermatologic diseases, such as psoriasis, cutaneous T-cell lym-
phoma, and warts [26]. PDT with topical 5-ALA damages sebaceous glands, inhibits sebum 
production, kills Propionibacterium acnes, and obstructs the follicular openings [27]. The advan-
tages of PDT include rapid efficacy, short recovery time, less destruction, and pain. Despite 
of these advantages, the local side effects of PDT are erythema, skin peeling, pain, burning, 
stinging, exfoliation, and post-inflammatory hyperpigmentation [27, 28]. It is obligatory to 
photoprotect after treatment for phototoxicity [29].
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Yang et al. investigated the clinical effects of photodynamic therapy with topical 5-aminolevu-
linic acid for facial acne conglobata. They included 75 patients with facial acne conglobata. 
They divided the patients into photodynamic therapy (PDT) group with topical 5% ami-
nolevulinic acid and red light for three times in a month and control group (n = 40) with the 
Chinese herbal medicine mask plus red light once a week. The patients were also adminis-
tered topical metronidazole, oral doxycycline, viaminate, and zinc gluconate. Efficacy was 
assessed according to symptom score, cure rate, and response rate, 2 weeks after the final 
therapy course, and time points for assessment were selected as day 0, day 10, and day 20; 
day 34 for the treatment group; and day 7, day 14, day 21, and day 35 for the control group. 
They observed that PDT was more effective for pustules and papules than control group. The 
PDT group was associated with a higher cure rate, a lower symptom score, and response rate 
than the control group. They didn’t observe systemic side effects. The erythematous swelling, 
increased number of cysts, pigmentation, and severe pain were the local side effects which 
they observed in the treatment group with PDT. They demonstrated that the treatment of 
acne conglobata with PDT is associated with a high cure rate, short treatment period, few side 
effects, and reduced scar formation [30].

Hasegawa et al. achieved to treat a case of acne conglobata by CO(2) laser ablation to remove the 
top of the sinuses and their tracts. After laser ablation, topical tretinoin therapy was also started 
simultaneously to prevent the appearance of new acne lesions. They proposed the CO(2) laser 
ablation with topical tretinoin as a powerful treatment option for acne conglobata [31]. They 
also reported another acne conglobata case, which they successfully treated by fractional laser 
after CO laser abrasion of cysts combined with topical tretinoin [32].

Liu et al. compared the effectiveness of encircling acupuncture combined with venesection and 
cupping and oral isotretinoin. A total of 26 acupuncture patients had their acupuncture courses 
once daily; venesection and cupping were applied twice a week. Patients of isotretinoin group 
were treated with oral isotretinoin 20 mg/d. The duration of study was 4 weeks. After 4 weeks, 
in acupuncture group and Western medicine group, 3 (11.5%) and 4 (15.4%) cases experienced 
remarkable relief in their signs, 14 (53.8%) and 11 (42.3%) had marked improvement, 6 (23.1%) 
and 7 (26.9%) had improvement, and 3 (11.5%) and 4 (15.4%) failed, with the effective rates 
being 88.5% and 84.6%, respectively. Overall, they didn’t observe any significant difference 
between acupuncture and oral isotretinoin (P > 0.05). In terms of lowering serum IL-6 content, 
acupuncture was found superior than oral isotretinoin (P < 0.05) [33].
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Abstract

Rosacea is a common chronic inflammatory cutaneous disorder with variable presen‐
tation and severity. Disease usually occurs between the ages of 30 and 50 years. Women
are  more  commonly  affected  than  men.  Rosacea  is  divided  into  four  subtypes:
erythematotelangiectatic,  papulopustular,  phymatous,  and ocular,  and one variant:
lupoid or granulomatous rosacea. Erythematotelangiectatic rosacea is manifested as
flushing and persistent centrofacial erythema, and papulopustular rosacea as papules
and pustules in a centrofacial distribution. With disease progression, phymas consisting
of sebaceous gland hypertrophy can develop. Ocular rosacea can result in blepharitis
and conjunctivitis.  Diagnosis is made clinically. Management of rosacea consists of
protective measures such as sun protection and gentle skin care and topical and systemic
treatments to suppress inflammation and erythema.

Keywords: rosacea, acne, perioral dermatitis, rhinophyma, ocular rosacea

1. Introduction

Rosacea is a common chronic inflammatory cutaneous disorder with variable presentation and
severity. Facial flushing, telangiectasia, papules, and pustules are the main features of cutaneous
rosacea.

2. Epidemiology

Rosacea can be seen in any age, but the onset usually occurs between the ages of 30 and
50 years. Women are more commonly affected than men; however, the development of
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phymatous skin changes is more commonly observed in men. Although the disease is
more common in fair‐skinned people of Celtic origin, patients of any ethnic group can be
affected [1]. Up to 1/3 of the patients report a family history [2]. Rhinophyma, bulbous
nose due to increased connective tissue and hyperplastic sebaceous glands, is almost ex‐
clusively seen in men over 40 years of age [3]. The prevalence is highly variable as the
methods used and the populations studied vary greatly from one study to another [4]. A
Swedish study reported a prevalence of 10% with a female‐to‐male ratio of 3:1 [5]. Eye
involvement may be observed in more than 50% of patients [1].

3. Pathogenesis

Pathogenesis of rosacea is not well understood. Abnormalities in innate immunity, role of
cutaneous microorganisms, and UV damage and vascular dysfunction may play a role in
pathogenesis of rosacea.

Recent studies have shown the dysregulation of innate immune response in rosacea. Due to
an exacerbated innate immune response, patients develop inflammatory reactions to stimuli
that do not affect normal individuals. Patients with rosacea have high levels of cathelicidin, an
antimicrobial peptide with vasoactive and proinflammatory properties and local protease
kallikrein 5 (KLK5), which controls the production of cathelicidin peptides in epidermis.
Injection of mouse skin with cathelicidin peptides from patients with rosacea led to skin
changes similar to those observed in rosacea confirming the hypothesis [6]. Toll‐like receptors
(TLRs) work by triggering inflammation in response to recognized microbial patterns and
elevated TLR2 activity, leading to an increase in KLK5 level which may also contribute to
enhanced inflammatory responses responsible for rosacea signs [7].

Some microorganisms have been proposed to stimulate inflammatory reaction in cutaneous
rosacea. Demodex folliculorum is an obligatory parasite found in pilosebaceous unit. Although
almost all adults are infested with Demodex, patients with rosacea have increased density of
Demodex mites supporting a significant association between Demodex infestation and the
development of rosacea [8]. Correlation of gastrointestinal Helicobacter pylori infection and
rosacea is controversial. The prevalence of H. pylori infection is shown to be increased or not
different in patients with rosacea compared to control subjects. Treatment of H. pylori infection
with antibiotics has been shown to improve rosacea, but this may be the benefit of anti‐
inflammatory effects of the antibiotics used for treatment [9].

UV and sun exposure are among the exacerbating factors for rosacea. UV‐B has been shown
to induce cutaneous angiogenesis in mice. In skin, UV‐B increases vascular endothelial growth
factor (VEGF) and fibroblast growth factor 2 (FGF2) secretion from human keratinocytes
promoting angiogenesis. UV irradiation also produces reactive oxygen species, causing a
damage in dermal matrix and thus leading to inflammation [6].

Vascular hyperreactivity may also play a role in disease pathogenesis. Dermal expression of
VEGF, CD31, and lymphatic endothelium marker D2‐40 has been shown to be elevated in
rosacea, leading to stimulation of vascular and lymphatic endothelial cells [10].
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4. Classification and clinical features

Rosacea is manifested as erythematous flushing, papules, and pustules in a centrofacial
distribution. Intermittent or chronic facial edema may also occur. With disease progression,
some patients may develop yellow‐orange plaques called phymas consisting of sebaceous
gland hypertrophy [11].

There are four stages: pre‐rosacea and stages I through III. Patients with frequent flushing are
considered in pre‐rosacea group. In stage I, there is erythema that lasts from hours to days and
telangiectasias. In stage II, persistent erythema is accompanied by multiple inflammatory
papules and pustules. In stage III, large inflammatory nodules and connective tissue hyper‐
plasia occur [4] (Table 1).

Pre-rosacea Frequent flushing

Stage 1 Transient facial erythema that becomes more persistent telangiectasias

Stage 2 Persistent facial erythema

Papules, pustules

Ocular changes

Stage 3 Large inflammatory nodules

Tissue hyperplasia, fibroplasias

Table 1. Stage symptoms and signs [11].

The National Rosacea Society (NRS) has classified rosacea into four subtypes: erythematote‐
langiectatic, papulopustular, phymatous, and ocular, and one variant: lupoid or granuloma‐
tous rosacea.

4.1. Erythematotelangiectatic type

The erythematotelangiectatic type is the most common subtype of rosacea (Figure 1). It is
characterized by flushing and persistent central facial erythema with sparing of periocular
skin. The flushing of rosacea lasts longer than 10 min differentiating it from physiological
flushing episodes. Telangiectasias are common but not essential for the diagnosis of this
subtype. Stinging or burning sensations may be present [4].

4.2. Papulopustular type

Papulopustular rosacea is characterized by persistent central facial erythema: small, dome‐
shaped erythematous papules and surmounting pustules on the central face [4] (Figure 2).
However, papules and pustules may also occur periorificially. The inflammation seen in
papulopustular rosacea is similar to acne vulgaris, but comedones typical for acne vulgaris are
absent in rosacea [12].
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In a study, 15 patients with pustular rosacea and 15 age‐ and sex‐matched control subjects were
compared. A significantly increased growth of S. epidermidis was found in rosacea pustules
and eyelid margins of rosacea patients suggesting a role of S. epidermidis in pathogenesis of
pustular and ocular rosacea [13].

Figure 1. Erythematotelangiectatic type of rosacea. Prominent telangiectatic vessels and erythema on the cheek with
characteristic sparing of periocular skin.

Figure 2. Papulopustular type of rosacea. Extensive papules and pustules on a background of persistent erythema.

4.3. Ocular rosacea

Ocular rosacea occurs in more than 50% of patients with rosacea. Eye involvement may follow,
as seen in half of the patients, may precede as in 20%, or occur simultaneously with skin
changes [12].
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Patients with ocular rosacea may complain of foreign body sensation, dryness, itching,
photophobia, and tearing. If the cornea is involved by the disease, the visual acuity may be
decreased [14]. Blepharitis and conjunctivitis are the most common findings. Blepharitis is
characterized by the eyelid margin erythema, scale, and staphylococcal infections. Hypopyon,
scleritis, keratitis, and iritis can also occur. Rosacea keratitis is a severe condition and has a
poor prognosis. It can lead to corneal opacity, scarring, and loss of vision. The severity of ocular
rosacea symptoms is often not related to the severity of cutaneous manifestations [4].

4.4. Phymatous rosacea

Phymatous rosacea shows tissue hypertrophy manifesting as thickened skin with irregular
contours and prominent pores. Involvement most commonly occurs on the nose (rhinophyma),
but the chin (gnathophyma), forehead (metophyma), and ears (otophyma) may also be affected
[4]. Rhinophyma occurs mostly in men with a male/female ratio of 20:1. Although rhinophyma
is often accepted as a presentation of last stage of rosacea, it may occur in patients with few or
no other features of rosacea. One diagnosis is a clinical one, and biopsy is only indicated to
rule out alternative diagnoses or in suspicion of a malignancy such as basal cell carcinoma or
squamous cell carcinoma [15].

4.5. Granulomatous rosacea

Granulomatous rosacea was classified by the expert committee as a disease variant charac‐
terized by discrete yellow, brown, red papules, or nodules on periorificial facial skin [12]
(Figure 3). Patients do not often have persistent erythema or flushing of the face and may
not have their disease distributed to convexities of the face [16].

Figure 3. Granulomatous rosacea. Discrete yellow papules clustered periorficially.
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5. Histopathology

In mild forms of rosacea, histologic findings are often limited to vascular ectasia and mild
edema. A lymphohistiocytic infiltrate with perivascular and perifollicular distribution is
observed in papulopustular form [17]. Solar elastosis is invariably found in histopathologic
examination of biopsy specimens. In granulomatous variant, non‐caseating epithelioid
granulomas are seen within the dermis [18].

6. Diagnosis and differential diagnosis

Diagnosis of rosacea is made clinically; there is no laboratory test to confirm the diagnosis. A
biopsy is only indicated to rule out alternative diagnoses [1] (Table 2).

Acne vulgaris

Seborrheic dermatitis

Keratosis pilaris

Dermatomyositis

Systemic lupus erythematosus

Photodermatitis

Sarcoidosis

Demodicosis

Haber syndrome

Basal cell carcinoma

Table 2. Differential diagnosis of facial rosacea [17, 19].

Acne vulgaris is the disease most commonly confused with rosacea, especially in middle‐aged
adults. Key distinguishing feature between acne vulgaris and rosacea is the absence of
comedones in rosacea [4]. Patients with acne vulgaris are often younger patients, having oily
skin with comedones, larger pustules, and less erythema with scarring [1].

Perioral dermatitis presents with micropustules and vesicles with scaling around the mouth.
Seborrheic dermatitis often coexists with rosacea [17]. Scaling and erythema of the scalp,
eyebrows, external auditory canals, and retroauricular folds serve as clues to the presence of
seborrheic dermatitis [4].

The malar erythema of systemic lupus erythematosus can be difficult to distinguish from
rosacea. Clinically, papules pustules and ocular symptoms are mostly absent in lupus [17].
Severe Demodex infection (demodicosis) may present with rosacea‐like features, but flushing
and telangiectasia are absent [4]. And also, photodermatitis is triggered by sun exposure and
has similar skin manifestations to rosacea [4].
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7. Associated diseases

Rosacea patients may have increased risk of developing certain diseases as evidenced by case‐
controlled studies. Further studies are necessary to confirm these associations.

Patients with rosacea are more likely to have dyslipidemia and hypertension. They are also at
increased risk of coronary artery disease after adjustment for cardiovascular disease risk
factors [20]. There is a possible association between rosacea and an increased risk of thyroid
cancer and basal cell carcinoma [21].

Rosacea was associated with a significantly increased risk of glioma in a Danish nationwide
cohort [22]. In the same Danish cohort, patients with rosacea had an increased risk of autoim‐
mune diseases, including type 1 diabetes mellitus, celiac disease, multiple sclerosis, and
rheumatoid arthritis [23].

8. Treatment

8.1. Protective measures

Protective measures are of utmost importance in management of rosacea patients of all
subtypes. These include avoidance of triggers of flushing, gentle skin care, and sun protection.

Most sufferers report worsening of the disease by factors such as hot or cold temperature, wind,
hot drinks, exercise, spicy food, alcohol, emotions, and menopause [24]. A variety of medica‐
tions may exacerbate flushing such as vasodilative drugs, nicotinic acid and amyl nitrite,
calcium channel blockers, and opiates [1].

Cleansers containing acetone or alcohol should be avoided. Usage of abrasive or exfoliant
preparations and vigorous rubbing of the skin should also be discontinued [1].

Daily application of combined ultraviolet‐A and ultraviolet‐B protective sunscreen with a sun
protection factor of 15 or greater should be advised to every patient. Sun‐blocking creams
containing titanium dioxide and zinc oxide are usually well tolerated [1].

8.2. Erythematotelangiectatic rosacea

Erythematotelangiectatic rosacea is the most treatment‐resistant subtype of rosacea. Flushing
and burning are the most difficult features to treat. Non‐cardioselective β‐blockers such as
propranolol 40 mg twice daily or nadolol 40 mg daily can be tried, but provide rather limited
benefit [25].

Topical or oral medications described below for papulopustular rosacea are often used, but
evidence supporting their role in erythematotelangiectatic rosacea is lacking [1].

Treatment of erythema and telangiectasia with vascular lasers or intense pulse light can help
in improving flushing and burning [4].
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8.3. Papulopustular rosacea

Systemic and topical antibiotics are effective in treatment of papulopustular rosacea. Patients
with moderate‐to‐severe papulopustular rosacea at initial presentation may require systemic
therapy to achieve clearance of inflammatory skin lesions followed by topical treatment to
avoid relapses. Topical medications alone can be used to control milder disease.

Main topical agents utilized for the treatment of rosacea include metronidazole, sulfacetamide‐
sulfur, azelaic acid, and topical antibiotics (clindamycin, erythromycin) [26]. Three varieties of
0.75% metronidazole and 1% metronidazole and several brands of 10% sodium sulfacetamide
with 5% sulfur and 15% azelaic acid gel are medications that have been approved by the Food
and Drug Administration (FDA) for rosacea. All are indicated for the papules, pustules, and
erythema [4].

Topical metronidazole used once or twice daily is effective in treatment of inflammatory
papules and pustules and improving erythema of papulopustular rosacea. Azelaic acid is a
well‐tolerated preparation that also reduces papules and pustules. It is available in 15% gel
and 20% cream forms, applied twice a day; 10% sodium sulfacetamide with 5% sulfur is used
to treat acne, rosacea, and seborrheic dermatitis. It has beneficial effects in reducing both
inflammatory lesion counts and erythema scores in papulopustular rosacea [27]. Topical
erythromycin used for acne vulgaris can help in reducing symptoms but may prove irritant
on skin affected by rosacea [24]. Clindamycin gel, also developed for treatment of acne, may
be better tolerated. A combined formulation containing 5% benzoyl peroxide and 1% clinda‐
mycin has proved effective and well tolerated in a placebo‐controlled trial [4].

Topical retinoids have been used to treat rosacea, but the true efficacy has not been established.
Adapalen, a relatively well‐tolerated retinoid, has been shown to be an alternative treatment
agent in management of papulopustular rosacea [28].

Effective systemic antibiotics include tetracyclines (e.g., tetracycline or oxytetracycline 250 mg
twice daily) and erythromycin 250 mg twice daily. Second‐generation tetracyclines, such as
minocycline and doxycycline, are also effective and offer the advantages of once daily
administration and less gastrointestinal side effects [24]. Doxycycline shows anti‐inflamma‐
tory effects at doses as low as 40 mg daily [29]. Azithromycin was proven to be as effective as
doxycycline in a number of studies [4]. In one series, azithromycin proved beneficial after 4
weeks at 250 mg/day, for 3 days each week (Monday, Wednesday, and Friday) [30].

Oral metronidazole is an effective alternative treatment for rosacea. Metronidazole (200 mg)
taken twice daily for 12 weeks has been proved to be as effective in improving the inflammatory
lesions of rosacea as 250 mg oxytetracycline taken twice daily [4]. Abstinence from alcohol
during metronidazole therapy is necessary to avoid disulfiram‐like reactions. Although
relatively safe, metronidazole has been associated with potential side effects such as neuro‐
pathy and seizures [24].

Oral isotretinoin is a treatment option for severe rosacea. The onset of action of systemic
retinoids  is  slow when compared with  the  oral  antibiotics.  It  is  effective  both  in  eryth‐
ematotelangiectatic  and  papulopustular  rosacea.  Oral  istotretinoin  can  also  be  used  for
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granulomatous  rosacea  and  rhinophyma.  It  has  been  shown that  treatment‐resistant
patients  taking  isotretinoin  experienced  fewer  papules  and  pustules,  a  reduction  in
erythema,  and  decreased  nasal  volume [31].  Daily  doses  of  isotretinoin  range  from 0.2
to  1  mg/kg.  It  is  usually  given  for  6  months.  With  low dose  therapy,  the  common
mucosal  side  effects  of  the  drug  are  minimal  and  tolerable.  However,  due  to  its  tera‐
togenic  effects,  it  is  contraindicated  in  women of  childbearing  potential  [4].

8.4. Ocular rosacea

Treatment of ocular rosacea depends on disease severity. Lid hygiene and warm compresses
are the baseline treatment for all patients. For mild ocular rosacea, fucidic acid preparations
and metronidazole gel are frequently used [4]. Systemic antibiotics such as oral tetracyclin or
doxycyclin may be used in patients with a more severe involvement [32]. The keratitis
associated with rosacea can be severe, and patients with potentially serious ocular symptoms
should be referred to an ophthalmologist.

8.5. Rhinophyma

In patients with early rhinophyma, medical treatment with systemic isotretinoin may prove
beneficial. In advanced cases, surgery is performed. Surgery can be done either as a complete
excision or an incomplete excision made by cryosurgery, dermabrasion, electrosurgery, sharp
blade excision, shaving with a razor, or laser surgery [32].
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Abstract

Acne rosacea (AR) is a chronic cutaneous inflammatory disease of the midface. Ocular 
involvement occurs in 30–70% of patients. Although the incidence of this disease is seen 
highest between the ages of 30 and 50 years, it can also develop during childhood. The 
diagnosis depends on clinical findings such as meibomian gland dysfunction (MGD), 
conjunctival hyperemia, and corneal vascularization, and untreated cases can progress 
and lead to vision loss. Pathogenetic factors can be the altered the immune system, colo-
nization of microorganisms, inflammation, abnormalities of sebaceous, and meibomian 
glands, environmental factors, and vascular dysregulation. Differential diagnosis from 
other ophthalmologic and dermatologic diseases is important. Management requires 
an interdisciplinary approach with a step‐wise treatment algorithm. Patients should 
be informed about the chronic course of the disease and avoid the exacerbating fac-
tors. Caring about the lid hygiene and use of non‐preserved artificial eye tears, topical 
ointments including antibiotics, anti‐inflammatory agents are used when necessary. 
However, the mainstay of the therapy is the use of oral antibiotics for a long period. 
Surgical interventions may be needed in cases with a vision‐threatening condition. 
During the long‐term treatment period and disease course, the complications of medica-
tions should also be considered cautiously and patient should be followed up routinely.

Keywords: ocular rosacea, dry eye, meibomian gland, meibomian gland dysfunction, 
treatment

1. Introduction

Acne rosacea (AR) is the chronic inflammatory disease of skin typically involving the cheeks, 
nose, chin, and central forehead. The dermatological findings are transient or persistent ery-
thema, papules, pustules, and telangiectasia. During the chronic course, these findings show 
exacerbations and remissions that may end up with progression. This dermatologic condition 
has been classified by National Rosacea Society into four subtypes based on the clinical fea-

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



tures: (1) erythematotelangiectatic rosacea, (2) papulopustular rosacea, (3) phymatous rosacea, 
and (4) ocular rosacea [1]. Flushing, chronic inflammation, and fibrosis are present in dermato-
logic course. The presence of one of the findings: flushing, non‐transient erythema, plaque, dry 
appearance, edema, papules‐pustules, and telangiectasia on the face with burning sensation, 
ocular manifestations, and phymatous changes is indicative of rosacea, and these symptoms 
are graded as mild, moderate, and severe [2]. Ocular manifestations are defined as one of the 
secondary criteria [1].

Under the circumstances of existing acne rosacea, the diagnosis of ocular rosacea (OR) is 
made by the presence of inflammation of the ocular surface, accompanying redness, burn-
ing, and itching symptoms of the eye. The diagnosis is confirmed by the presence of corneal 
infiltration with meibomian gland inflammation, and accompanying skin findings of rosa-
cea [3].

2. Epidemiology

AR is usually seen between ages of 30 and 50 years [4, 5]. The prevalence is reported from 4 to 
22% that is more frequent in fair‐skinned people [5–8]. The OR starts to be detected approxi-
mately 10 years after the diagnosis of AR, with an increasing incidence between ages of 40 
and 50 years [5]. The ocular involvement occurs in 58–72% and interestingly the ocular signs 
may precede in 20% of rosacea patients [9, 10]. Because of mild cutaneous manifestations, the 
ocular findings may be underestimated in children. Therefore, the diagnosis is delayed with 
more ocular complications. In a case series, it was shown that only two of six children with 
ocular rosacea demonstrated cutaneous rosacea findings [11].

Although AR affects women more than men, ocular involvement is to be seen in both sexes 
equally [5, 12]. There is a family history in 15–30% of cases [13, 14]. Hence, with a suspicion 
of family history, the children should be followed up closely and should be kept in mind that 
the condition tends to progress in adulthood [15].

3. Pathogenesis

Although AR has no proven cause, scientific studies showed that there is dysregulation of 
vascular, immunologic, and nervous systems [16, 17]. Ocular surface is the mainly affected 
area with OR. Ocular surface compromises cellular components of the palpebral and bulbar 
conjunctiva such as corneoscleral limbus, cornea, eyelid margins, eyelashes, and tear film [18].

3.1. Altered immune system

Altered immune system may be one of the factors. It was postulated that a type IV hyper-
sensitivity reaction may be responsible for the conjunctival inflammation in OR in which the 
reactant is unknown [19, 20].
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3.2. Colonization of microorganism

Demodex folliculorum is a saprophytic mite that is found in normal flora of the skin. There are 
studies demonstrating that the Demodex density increased in rosacea patients [21, 22].

Bacillus olenorium serum immunoreactivity was detected in ocular rosacea patients. Its pro-
teins cause high immune reactions [22, 23].

Staphylococcus epidermidis and Propionibacterium acnes that are found commonly in lid flora are 
accused microorganisms for their production of high levels of bacterial lipases [24].

In a study, Chlamydia pneumoniae antigen was detected in 40% of skin biopsies patient with 
rosacea [25].

Moreover, Helicobacter pylori IgG antibodies were found in 81% of the acne rosacea patients 
with dyspepsia, but there is a debate whether this is a coincidence or not [26]. The proteins 
produced by these pathogens might be responsible for the some aspects of rosacea.

The increased amount of free fatty acids produced by meibomian glands causes tear film 
instability and irritates the ocular tissues [27]. This increase may be due to biochemical abnor-
mality of the meibomian gland secretions or lipolytic exoenzymes of bacteria which degrade 
lipids into free fatty acids [28].

3.3. Inflammation

OR was found to be associated with the increased tear fluid levels of several inflammatory 
mediators such as interleukin‐1 (IL‐1) and gelatinase B activity [29]. Matrix metalloprotein-
ases (MMP), interferon‐alpha (IFN‐α), and inflammatory cytokines seem to be an important 
component of pathophysiology [30].

The meibomian glands of rosacea patients cause keratinization of epithelial cells, end up with 
thickening of secretions, plugging of the orifices, and trapping of the secretions [31].

3.4. Environmental factors

Many rosacea patients are aware of some factors that exacerbate their symptoms. Although 
these triggering factors differ for each patient: alcohol, sunlight, wind, temperature extremes, 
hot, and spicy foods, vigorous exercise, hot baths, medications that dilate blood vessels, 
menopause, and emotional factors (stress, anger, and embarrassment) can also play role in 
the pathogenesis [32–34].

3.5. Genetics

Rosacea is associated with familial predisposition [35]. In a study conducted in twin pairs, 
rosacea contribution has been reported equally by genetic and environmental factors [36]. The 
genetic predisposition showed single nucleotide polymorphisms in HLA‐DRA and BTNL2 
genes that support the concept of a genetic component for rosacea [37].
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3.6. Vascular dysregulation and neurologic system

There is vascular dilatation and telangiectatic vessels and increased blood flow, causing ery-
thema, flushing, and neovascularization [5, 34, 38], which is probably under control of the 
sympathetic system [39].

4. Diagnosis

The diagnosis of both dermatological rosacea and ocular rosacea is clinical. There is no single‐
specific test—even skin biopsy—to confirm the diagnosis.

Ocular involvement is varied and non‐specific. Most of the patients refer to ophthalmologist 
with dry eye symptoms (Table 1). No correlation exists between the severity of the ocular 
manifestations and that of the skin lesions. However, in patients with increased flushing, 
ocular rosacea prevalence is higher [40].

Although rosacea is uncommon in pediatric cases, it deserves attention due to undiagnosed 
ocular rosacea that is common with severe ocular complication [41]. History of triggering fac-
tors should be investigated and dermatologist consultation is required.

4.1. Clinical feature

Both eyes are usually affected simultaneously, but unilateral or sequential involvements can 
also occur.

The primary and the starter of the ocular involvement is the meibomian gland dysfunction 
(MGD) [42]. Ghanem et al. reported that the most common ocular signs in patients with rosa-
cea from the ophthalmologic clinic were meibomian gland dysfunction (MGD) in 85.2%, lid 
margin telangiectasias in 53.4%, blepharitis in 44.3%, and interpalpebral hyperemia in 40.9%. 
Accordingly, patients from the dermatology clinic were reported to exhibit MGD in 27.3%, 
chalazion/hordeolum, lid margin telangiectasia in 18.2%, anterior blepharitis in 13.6%, and 
pinguecula in 13.6% [9] Vision loss is a rare but devastating complication [43]. OR has been 
graded as mild, moderate, and severe (Table 2) [2].

Ocular symptoms

 – dryness sensations (burning and stinging, feeling of a having foreign body sensation in the eye)

 – irritation

 – itching

 – redness

 – sensitivity to light (photophobia)

 – tearing

 – red and swollen eyelids

 – blurry or decreased vision

Table 1. Ocular symptoms of the ocular rosacea patient.

Acne and Acneiform Eruptions198



3.6. Vascular dysregulation and neurologic system

There is vascular dilatation and telangiectatic vessels and increased blood flow, causing ery-
thema, flushing, and neovascularization [5, 34, 38], which is probably under control of the 
sympathetic system [39].

4. Diagnosis

The diagnosis of both dermatological rosacea and ocular rosacea is clinical. There is no single‐
specific test—even skin biopsy—to confirm the diagnosis.

Ocular involvement is varied and non‐specific. Most of the patients refer to ophthalmologist 
with dry eye symptoms (Table 1). No correlation exists between the severity of the ocular 
manifestations and that of the skin lesions. However, in patients with increased flushing, 
ocular rosacea prevalence is higher [40].

Although rosacea is uncommon in pediatric cases, it deserves attention due to undiagnosed 
ocular rosacea that is common with severe ocular complication [41]. History of triggering fac-
tors should be investigated and dermatologist consultation is required.

4.1. Clinical feature

Both eyes are usually affected simultaneously, but unilateral or sequential involvements can 
also occur.

The primary and the starter of the ocular involvement is the meibomian gland dysfunction 
(MGD) [42]. Ghanem et al. reported that the most common ocular signs in patients with rosa-
cea from the ophthalmologic clinic were meibomian gland dysfunction (MGD) in 85.2%, lid 
margin telangiectasias in 53.4%, blepharitis in 44.3%, and interpalpebral hyperemia in 40.9%. 
Accordingly, patients from the dermatology clinic were reported to exhibit MGD in 27.3%, 
chalazion/hordeolum, lid margin telangiectasia in 18.2%, anterior blepharitis in 13.6%, and 
pinguecula in 13.6% [9] Vision loss is a rare but devastating complication [43]. OR has been 
graded as mild, moderate, and severe (Table 2) [2].

Ocular symptoms

 – dryness sensations (burning and stinging, feeling of a having foreign body sensation in the eye)

 – irritation

 – itching

 – redness

 – sensitivity to light (photophobia)

 – tearing

 – red and swollen eyelids

 – blurry or decreased vision

Table 1. Ocular symptoms of the ocular rosacea patient.

Acne and Acneiform Eruptions198

4.2. Symptoms
Feeling of dryness, irritation symptoms with burning and stinging and feeling of having for-
eign body sensation in the eye are common. Blurry vision, redness, sensitivity to light (photo-
phobia), tearing, itching, red, and swollen eyelids are the other encountered symptoms.

4.3. Signs

It is not rare that the symptoms of the patient are not proportional with the ocular findings. 
Reduced fluorescein tear breakup time, punctate staining on the cornea, and bulbar con-
junctiva (Figure 1). Superficial punctate keratopathy (due to tear film instability), dry eye 
disease, blepharitis, styes, MGD, eyelid inflammation‐collaretes, telangiectasis, conjunctival 
hyperemia, conjunctival scarring, punctate epithelial keratitis, corneal infiltrate/vascular-
ization, corneal thinning, corneal astigmatism, corneal ulceration, phlyctenules, phlycte-
nular keratitis, limbal pannus, episcleritis, scleritis, corneal melting, and perforation, iritis, 
periorbital edema, recurrent chalazia, pannus, neovascularization, trichiasis (Figures 1–5) 
[43–46].

4.3.1. Eyelid

The lipid layer produced by meibomian glands stabilizes the tear film and prevents evapora-
tion. Abnormality of this function is the primary cause of the blepharitis and evaporative‐type 
dry eye. Dry eye can be detected by decreased tear breakup times. There is inflammation, 
dilatation, and occlusion of the meibomian glands [31]. With pressure to eyelid margins, there 
is hardness to express the secretion, and usually occluded by toothpaste‐like material namely 
meibomana. Hordeolum and chalazion are the signs of focal inflamed obstructive MGD. 
In chronic course, there will be telangiectatic vessels around the orifices of the meibomian 
glands. At the end, the ducts are fully keratinized and disappears leading the meibomian 
gland dropout.

Grade Involved areas Signs and symptoms Recommended treatment

Mild Eyelid margin, 
meibomian gland

Mild itching and dry eye sensation
Fine scaling and erythema of eyelid margins
Mild conjunctival hyperemia

Topical treatment only

Moderate Ocular surface Moderate burning, tearing, foreign body sensation
Eyelid margin irregularities, erythema and 
telangiectasia
Prominent conjunctival hyperemia, ciliary injection
Hordeolum and chalazion formation

Topical, systemic treatment

Severe Corneal involvement 
and decreased vision

Pain, sensitivity to light, blurred vision
Severe conjunctival inflammation, madarosis 
and trichiasis
Corneal involvement

Topical, systemic, surgical 
treatment

Table 2. Grading of ocular rosacea [2].
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4.3.2. conjunctiva

Conjunctival hyperemia is the common finding. Hyperemia is mostly obvious in interpalpe-
bral area. In 9% of OR, there is also conjunctival scarring [47].

4.3.3. cornea

Disease starts with inferior punctate epitheliopathy. Superficial vascularization of the periph-
eral cornea (especially triangular in shape and extending from inferior cornea) develops in 

Figure 2. Ocular rosacea with sterile corneal infiltrate, lid telangiectasia, meibomian gland occlusion and foamy secretion.

Figure 1. Ocular rosacea patient with irregular ocular margin, conjunctival hyperemia and trichiasis.
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untreated cases. In case of recurrent epithelium defects, one should be suspicious of OR also. 
Inflammatory episodes will end up with devastating problems, such as corneal scarring, thin-
ning even perforation and sight threatening keratitis [48–51].

4.4. Ocular tests and imaging

Tests of evaporative dry eye are altered in OR. Tear osmolarity values, Ocular surface dis-
ease index (OSDI) questionnaire and corneal staining scores were significantly higher, and 

Figure 3. Bulbar interpalpebral conjunctival hyperemia with fine corneal vascularization.

Figure 4. Ocular rosacea with severe dry eye symptoms and inferior punctate epitheliopathy.
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Schirmer‐I test and fluorescein tear breakup time were significantly lower, which all confirms 
tear hyperosmolarity and tear film dysfunction [52].

Dry eye in rosacea patients can also be diagnosed by tear meniscus measurement with opti-
cal coherence tomography (OCT) with considerable sensitivity and specificity [53]. Central 
corneal thickness, corneal hysteresis and corneal resistance factors were all significantly 
decreased in OR patients when compared to healthy controls [54]. Patients with OR show 
significant meibomian gland dropout which can be demonstrated by meibography (Figure 6) 

Figure 6. Ocular rosacea. Meibography, meibomian dropout.

Figure 5. Corneal haze inferotemporally signifying healed corneal involvement of ocular rosacea.
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[31, 42]. In vivo confocal microscopy findings revealed inflammatory changes of ocular surface 
and even Demodex infestations on eyelids [55, 56].

5. Differential diagnosis

5.1. From dermatological diseases

In patients with suspicion of OR, if facial dermatologic inflammatory changes exist, clinician 
would be aware of three main differential diagnosis [57]. These are as follows:

Acne vulgaris: The presence of comedones—which does not exist in rosacea—in young 
patients direct the clinician to diagnosis of acne vulgaris.

Seborrheic dermatitis: In seborrheic dermatitis, facial erythema is accompanied by yellowish 
scaling and prominent dandruff.

Perioral dermatitis: There is perioral involvement without flushing or telangiectasia.

5.2. From ophthalmological diseases

Ocular findings must be differentiated from the other causes of dry eye.

Corneal involvements must be differentiated from herpetic or bacterial keratitis and recurrent 
epithelial defects [48, 58, 59].

All forms of conjunctivitis are in differential diagnosis. Due to chronic course and leading to 
conjunctival scarring, chlamydial conjunctivitis deserves attention.

In severe OR, which ends up with inferior thinning and irregular astigmatism, it may resem-
ble to keratoconus [51].

6. Management

For an effective therapeutic strategy, an interdisciplinary collaboration is needed between 
ophthalmologist and dermatologist. The stepwise approach is recommended.

 ⁻ Inform patient about the chronic nature of their disease and requirement for regular 
follow‐up.

 ⁻ Avoid triggering and exacerbating factors. It might be advised to keep a daily diary to 
figure out triggering factors.

 ⁻ Avoid wearing contact lenses and eye makeup when the symptoms are exaggerated.

 ⁻ Lid hygiene: Hot compressing and MG expressions by mechanical massage to lids, lid 
hygiene cleaning solutions, eyelid scrubs massage to the tarsal plate [60]. This is the main 
approach and must be recommended to all OR patients
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 ⁻ Lubricants: Lubricants are used to decrease inflammatory mediators, and to provide 
symptomatic relief. Non‐preserved artificial tears are recommended with a patient‐ 
individualized dosage [61]. The initial high dosages might be tapered gradually. OR is 
usually mild and responds well to lid hygiene and lubricants, but must be advised to do 
regularly to avoid exacerbations of symptoms.

 ⁻ Topical antibiotics: Azithromycin 1.5% eye drops are effective for MGD treatment even 
with phlyctenular keratoconjunctivitis complicating OR [62, 63]. It has an anti‐inflamma-
tory effect as well as an antimicrobial effect. Topical antibiotic ointments (fucidic acid and 
metronidazole gel applied to lid margins), especially in the nighttime, are also effective to 
restore the flora.

 ⁻ Mainstay of the treatment is the use of systemic antibiotics. Due to relapses, maintenance 
treatment may be 6 months. Low doses with longer duration of the antibiotic usage must 
be preferred to benefit from the anti‐inflammatory effect without inducing resistance and 
other side effects.

 ◦ Systemic tetracycline/doxycycline/minocycline shows the therapeutic effects by decreas-
ing lid flora, inhibiting collagenase activity which prevents corneal thinning, inhibiting 
inflammatory mediators (i.e. MMP), decreasing concentration of free fatty acids [64–66].

 ◦ Clarithromycin are also effective to H. pylori [67].

 ◦ Metronidazole has anti‐inflammatory, anti‐microbic, anti‐parasitic, and immunosup-
pressive effects [68].

 ◦ Azithromycin 3 times per week for 4 weeks [69].

 ◦ Erythromycin is appropriate for children <8 years old to avoid the untoward effects of 
tetracycline [70].

 ⁻ Topical anti‐inflammatory agents: Topical corticosteroids suppress the exacerbation epi-
sodes and are effective in prevention of the recurrent corneal erosions when used in com-
bination with systemic doxycycline [71]. The application would be tapered and stopped 
after the symptomatic relief. Topical steroids should be used cautiously, minimal dose 
with minimal duration, under the supervision of the ophthalmologist. Instead of steroids, 
topical cyclosporine (with 0.05% concentration) might be the choice for a longer period of 
treatment [72].

 ⁻ Dietary intervention with omega‐3 fatty acids for 6 months is effective in decreasing the 
dry eye symptoms and signs in ocular rosacea [73].

 ⁻ Surgical: Intraductal meibomian gland probing is shown to be a promising technique to 
improve dry eye symptoms related with OR [74]. Epilation of trichiatic lashes will elimi-
nate the mechanical insult to ocular surface.

In cases of severe corneal involvement, surgical options are indicated [49]. Progressive epi-
theliopathy unresponsive to topical treatment with hazy epithelium extending centrally, 
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indicating limbal stem cell insufficiency, is treated with limbal stem cell transplantation [75]. 
Thinning of the cornea and threatening perforation are treated with conjunctival flaps or 
amniotic membranes [43]. Little corneal perforations may benefit from cyanoacrylate glues. 
Minority people with untreated or resistant to treatment may need keratoplasty at the end of 
long‐term OR [49].

Rosacea naturally waxes and wanes. However, because the damage from rosacea can be 
progressive, the long‐lasting use of therapy has advantages. Due to the lack of prospective 
controlled studies, the optimum modality and duration for treatment and prevention of OR 
recurrence remain unclear. The duration of the treatment depends on the ophthalmologist's 
decision and the severity of the ocular involvement. There is a consensus to give treatment for 
several months, and tapering the doses within follow‐ups.

7. Complications

Long‐standing OR will end up with irregular eyelid margins and misdirected eyelashes (tri-
chiasis). Untreated corneal involvement will lead to vision loss.

The long‐term use of topical steroids may cause increased intraocular pressure, cataract for-
mation, corneal thinning, and exacerbation of underlying herpes. Chronic use of systemic 
antibiotics makes necessary to control the hepatic functions.

Although it is recommended to use low dose with a long duration, clinician should be cau-
tious about the potential side effects of oral tetracycline as gastrointestinal discomfort, vaginal 
yeast infections, photosensitivity, and decreased effectiveness of oral contraceptives. It is not 
appropriate for the children <8 years old, because of its accumulation in bone, color changes 
in teeth, and interfering enamel development [76].

Oral isotretinoin, which has both anti‐inflammatory and immunomodulatory properties, has 
been used as a treatment for severe rosacea, particularly phymatous presentation by derma-
tologists [77]. In these cases, routine ophthalmologic follow‐up should be recommended since 
the retinoids may cause blepharoconjunctivitis, worsening telangiectasias and may lead to 
severe keratitis [78].

8. Conclusion

Rosacea, mainly being a dermatological disease, may show ocular manifestations that some-
times may have severe consequences. The diagnosis mainly depends on the clinical findings 
and suspicion of the clinician. The evaluation and management should be performed by a 
collaborative approach by both dermatologist and ophthalmologist. The management should 
have a stepwise structure. The complications of both the disease and the treatment should be 
considered during the disease course.
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