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a b s t r a c t
Acne vulgaris is a chronic, inﬂammatory, skin condition that
involves the pilosebaceous follicles and is inﬂuenced by a variety of factors including genetics, androgen-stimulation of
sebaceous glands with abnormal keratinization, colonization
with Cutibacterium acnes (previously called Propionibacterium
acnes), and pathological immune response to inﬂammation.
Acne can occur at all ages and this discussion focuses on the
ﬁrst three decades of life. Conditions that are part of the differential diagnosis and/or are co-morbid with acne vulgaris
are also considered.
Acne in the ﬁrst year of life includes neonatal acne (acne
neonatorum) that presents in the ﬁrst four weeks of life and
infantile acne that usually presents between 3 and 6 months
of the ﬁrst year of life with a range of 3 to 16 months after birth. Acne rosacea is a chronic, inﬂammatory, skin condition that is distinct from acne vulgaris, typically presents
in adults, and has four main types: erythemato-telangiectatic,
papulopustular, phymatous and ocular.
Treatment options for acne vulgaris include topical retinoids,
topical benzoyl peroxide, antibiotics (topical, oral), oral con-
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traceptive pills, isotretinoin, and others. Management must
consider the increasing impact of antibiotic resistance in the
21st century. Psychological impact of acne can be quite severe and treatment of acne includes awareness of the potential emotional toll this disease may bring to the person with
acne as well as assiduous attention to known side effects of
various anti-acne medications (topical and systemic). Efforts
should be directed at preventing acne-caused scars and depigmentation on the skin as well as emotional scars within
the person suffering from acne.
© 2020 Published by Elsevier Inc.

“If only my anguish [Because of severe skin disease] could be weighed and all my misery be
placed on the scales! It would surely outweigh the sand of the seas.” (Job 6:1–2).
Introduction: historical perspectives
Acne has been known for millennia in human history and described in ancient Egyptian
pharaohs while the term, acne, was coined by the ancient Greeks.1 , 2 A term, Aku-t, was used
in the Egyptian Ebers Papyrus pharmacopeia (3400 BCE–1500 BCE) and referred to severe acnelike skin disorders with inﬂamed skin that contained boils, pustules, and sores.3 Hippocrates
(460 BCE–370 BCE) associated acne with puberty and Aristotle (384 BCE–322 BCE) provided further descriptions of acne in ancient Greek medicine.1 , 2 Claudius Galen (130 CE–210 CE), the famous physician/surgeon to the ancient Roman emperors and gladiators, concluded that a cause
of acne was masturbation in teenagers with advice for youth to stop such a practice4 , 5 !
Research over the past two millennia, especially in the past 150 years, has led to current understanding that acne vulgaris is a chronic, inﬂammatory disorder of the pilosebaceous units that
consists of sebaceous glands with ducts and hair follicles; sebaceous glands are seen in increased
density in the face, chest, back, and upper arms.6 , 7 Typically initiated at puberty (as identiﬁed
by Hippocrates!), the obstruction of the pilosebaceous units is affected by various factors that
include genetic issues and also how the person’s immune system reacts to inﬂammation.6 , 7

Epidemiology
Acne can be found in all ages (childhood, adolescence, adulthood); acne vulgaris is seen in
40% of children between 7 and 11 years of age, 90% of males 13–17 years of age, 80% of females
13–17 years of age, and severe acne is found in 10% of adolescents as well as young adults.8-12
Such high disease prevalence leads to acne being the cause for 14% of primary care clinician
oﬃce requests and 27% of dermatology evaluations leading to a direct annual cost over $2 billion
in the United States.8-12

Pathogenesis
The classic sine qua non of acne vulgaris pathogenesis involves three main constituents: sebum, keratin plug, and microbial skin ﬂora in a process inﬂuenced by various complex factors.9-15 Keratinocytes are epidermal cells that secrete the ﬁbrous protein called keratin. Skin
sebaceous glands produce sebum that is an oily substance secreted into hair follicles via the sebaceous ducts; sebum is composed of about one-third wax esters and two-thirds triglycerides
along with steroid esters as well as squalene. The production of sebum is greatly inﬂuenced by
the adrenal and gonadal androgens.
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In this inﬂammatory disorder, acne vulgaris initiates with the development of keratin plugs
due to stickiness of follicular keratinocytes that then block the follicles with sebum trapping.
Such a process leads to follicle occlusion and sebum trapping that continues on with perifollicular inﬂammation and secondary impaction. The presence of seborrhea (mild to severe) is not
itself linked to the pathogenesis of acne vulgaris per se. Factors of acne considered now are skin
microbial inﬂuences, androgen effects, comedogenesis, immune mechanisms, and genetics.

Skin microbial inﬂuences
Local bacteria, however, are linked to the development of acne pathogenesis and speciﬁcally
Cutibacterium acnes (previously called Propionibacterium acnes) that is a gram-positive, anaerobic,
lipophilic diphtheroid; in addition, it is an integral part of inﬂammatory acne development that
was ﬁrst linked by researchers in the late 19th century.1 , 6 , 16 The name, Propionibacterium acnes,
was classiﬁed by S. Orla-Jensen in 1909 and remained until its reclassiﬁcation to Cutibacterium
acnes in 2016 with some continued discussion regarding its precise taxonomic classiﬁcation.17-20
These bacteria colonize at the pilosebaceous follicles and induce variable inﬂammation by
converting triglycerides to free fatty acids and producing various mediators as well as chemotactic factors—as noted below. Other ﬂora that are potentially part of this acne process include
coagulase-negative Staphylococcus epidermidis and the yeast Pityrosporum ovale. The microbiome
of the preadolescent (i.e., 7–10 years of age) with acne contains Streptococcus bacteria that clinicians managing this age group must consider.21

Androgen effects
Dehydroepiandrosterone sulfate (DHEAS) can rise in late childhood (i.e., ages 8 or 9) due to
secretion from adrenal glands and leads to stimulation of sebaceous glands.16 A key component
is the rising plasma testosterone in young teenagers that involves the conversion of testosterone
to dihydrotestosterone by 5-α -reductase in the skin. The result of this chemical reaction is that
sebaceous glands in the face and other areas are triggered to enlarge because of a cyclic cAMP
(adenosine monophosphate) process. The effects of estrogen can be to decrease or inhibit the
sebaceous gland stimulation and thus, inﬂuences on acne may arise in girls with estrogen level
changes that can be observed during the menstrual cycle. Teenagers can have normal levels
of hormones and yet have severe acne, in part because of augmented free testosterone levels
and DHEAS that includes reduced levels of SHBG (sex hormone-binding globulin). Overall sebum
production tends to fall in early adulthood (i.e., 20 years of age).16

Comedogenesis
In this process of comedogenesis, acne vulgaris starts with microcomedones (singular: microcomedo), which are the primary acne lesions without inﬂammation and are developed because
of occluded hair follicles. This acne lesion, the microcomedo (ancient Greek: mikrós, “small”;
Latin: comedere: “to eat up”), is developed because of excessive sebum from follicular wall
desquamated epithelial cells; a core feature in acne is that the epithelial cells are not shed in a
normal manner and lead to sebaceous gland blockage.6 , 16 These microcomedones become comedones that are closed or open. Closed comedones are named whiteheads and open comedones
are called blackheads since they have pigmented epithelial cells because of retained melanin;
blackheads can be black, brown, gray or orange. Acne pathophysiology involves the obstruction
of the follicle duct by the open or closed comedo and the outﬂow of sebum that leads to the
distention of follicles as well as possible follicular rupture.6 , 16
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Immune mechanisms of acne vulgaris
Once microcomedones form and accumulate sebum as well as keratinous debris, they may
progress to closed and then open comedones; ﬁnally, pustules or inﬂammatory nodules may
also develop. The inﬂammatory response may come about when comedones rupture and release
proinﬂammatory mediators into the dermis. At the heart of this inﬂammatory response seems
to be Cutibacterium acnes (as noted, formerly known as Propionibacterium acnes). This weakly
gram-positive bacterium is considered part of the normal commensal skin ﬂora and makes up
87% of the pilosebaceous microbiome, in patients with or without acne.22 , 23
By hydrolyzing the triglycerides found in sebum, there is release of antimicrobial fatty acids
which also lower skin pH, thereby providing a barrier to pathogenic microbe infection involving
the follicle as well as perifollicular tissue.24 , 25 The factors that tip C. acnes from a commensal
organism to a pathogen have been researched extensively; for example, over the past decade,
genetic sequencing has demonstrated the existence of strains that are more frequently associated
with acne.22 , 25 , 26
A number of mediators are involved in the acne pathogenesis and these include proinﬂammatory lipids, cytokines and chemokines to stimulate bacterial antigens.23-26 Research also
identiﬁes the involvement of neuropeptides and PPAR (peroxisome proliferator-activated receptor) ligands. Persons with acne are noted to have peripheral blood mononuclear cells (PBMCs)
that include increase in interferon-gamma, and interleukins (IL-12p40 and IL-8). In addition, the
acne pathogenesis involves antimicrobial and proinﬂammatory cathelicidins; these are a family
of polypeptides located in lysosomes of macrophages and polymorphonuclear cells (PMNs) that
are part of the immune system helping to safeguard the person from bacterial invasion.
Research reveals that there may be host factors affecting speciﬁc responses, in which patients
prone to develop acne may already have a pro-inﬂammatory milieu even before the development of inﬂammatory lesions.27 C. acnes can activate the innate immune system, especially in
the sebum-producing epithelial cells called sebocytes.28 This can be recognized via toll-like receptor 2, nod-like receptor (NLR) P1, NLRP3, NLRC4, and others; these factors cause the release
of proinﬂammatory cytokines such as interleukin (IL)-1β , IL-12, and IL-18.29 C. acnes can also
induce IL-1 secretion by keratinocytes and macrophages in addition to activation of the adaptive
immune response.23
The acne-associated strains of C. acnes may be better able to induce Th17 cells to secrete
proinﬂammatory cytokines such as IL-17 and interferon gamma, even at higher levels; in contrast, non-acne-associated strains stimulate production of IL-10, which is anti-inﬂammatory.29 , 30
Neutrophils recruited by IL-8 release lysosomal enzymes and reactive oxygen species that can
lead to tissue damage with further inﬂammation as well as injury.23 , 30 Th1 cells are also quickly
recruited to early acne lesions.29 The C. acnes bacteria themselves can also release hyaluronidase,
lipases, and proteases, causing further damage.22
A 2004 study showed that patients who were prone to acne scarring had a small, mostly
memory T-cell response early on that then grew and persisted as lesions began to resolve.31
In contrast, patients not prone to acne scarring had a more robust, non-speciﬁc T-cell early response with peak activity at 48 h and quick resolution afterward.31 Another study found that C.
acnes strains that were associated with healthy skin induced Th17 clones with good microbicidal
activity. In contrast, those associated with acne did not induce Th17 clones with a suﬃciently
effective response.30
There is a complex interplay of the pathogenicity of particular C. acnes strains and each patient’s unique immune response leading to the varied manifestations of acne severity.31 The
seemingly central role of this microbe has prompted researchers to investigate the use of bacteriophages against C. acnes as a future treatment for acne.32 Some authors have brought into
question the idea that C. acnes is the solely responsible pathogen in acne vulgaris.33 Instead,
there may be a more complex disturbance in the balance of the skin microbiome in acneinvolved areas, with a much larger variety of involved microbes.
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Acne pathogenesis involves the initial effects of increasing androgens (vida supra) seen in
early adolescence that is greatly impacted by various genetic as well as environmental factors
and processes. Acne severity is inﬂuenced by rate of sebum production, sexually maturity rating, and genetics. Depending on these inﬂuences, there emerges the potential presence of postcomedone, inﬂammatory acne vulgaris: papules (erythematous), pustules, nodules, and cysts;
there can also be scarring and depigmentation. These scars can be hypertrophic (keloid) or atrophic (rolling, boxcar, or icepick-types).13 Macules (hyperpigmented or red) can last for several
months and be misdiagnosed as acne scars while facial scars can appear as facial pits and small
spots (hypopigmented) on the trunk.6 , 16

Genetics
Genetic inﬂuences in acne are complex and not well understood at this time; however, a
positive family history for acne is typically found in a youth with this condition, especially if it
is severe.34-36 Genetic inﬂuences are particularly found in neonatal acne, nodulocystic acne and
acne conglobata (conglobate acne); also, acne developing after the adolescent years correlates
with having a ﬁrst-degree relative with acne in 50%.34 Looking at rare syndromes and disorders
with acne is part of current research on acne genetics with high-resolution genotyping in order
to better understand which genes and loci are involved in which acne patients.35
Research on monozygotic and dizygotic female twins has identiﬁed lower apolipoprotein A1
serum levels in twins with acne.36 Genome-wide association studies (GWAS) in acne patients
and also those with polycystic ovary syndrome (PCOS) that typically have acne note 16 genetic
loci (ﬂagged by single nucleotide polymorphisms) that may be involved and 21 possible loci in
PCOS.37
Genetic research is occurring on differentially expressed genes (DEGs) using weighted gene
co-expression network analysis (WGCNA); in this work, 24 acne-associated DEGs were seen that
are involved in proinﬂammatory cytokines.38 Other research has also identiﬁed potential DEGs
that may be involved in inﬂammatory acne pathogenesis.39
Various factors can be involved in the stimulation of acne as well as its severity. For example,
interleukin (IL)-6 promoter polymorphism may be linked to acne susceptibility but not to the
severity of the acne that occurs in some persons.40 On the other hand, levels of plasma insulinlike growth factor (IGF)-1 can correlate with acne severity and this involves polymorphisms of
the IGF-1 gene.41
Inﬂuences on the sebaceous gland can have profound effects on the development of acne
and its severity. The sebaceous gland is the principal area of hormone biosynthesis, particularly
for androgens and androgen-control sebum production as well as acne inﬂammation.42 Evolving genetic studies also note that androgen receptor regulation is associated with acne severity.42 Various core cellular pathways are involved that include the phosphatidylinositol-3-kinase
(PI3K)/AKT and the mammalian target of rapamycin (mTOR) signaling pathways. Indeed, the PI3
K/AKT/FoxO1/mTOR signaling has considerable inﬂuence on the interactions between IGF-1, insulin, androgens, hyperglycemic diet and others in acne patients.41-43 Such genetic research will
result in identiﬁcation of anti-acne medications aimed at speciﬁc acnegenic foci.35 , 36 , 39 , 43

Classiﬁcation
The acnes have been classiﬁed in various ways over the past decades and centuries. Types of
acnes are listed in Table 1. Acne vulgaris or common acne can be comedonal (non-inﬂammatory;
closed and open comedones) and papulopustular (inﬂammatory). As reviewed the pathogenesis begins with abnormal keratinization with pilosebaceous unit obstruction and a follicular
plug.6 , 7 , 16 , 44 Also, as noted, rupture of the distended sebaceous gland can lead to inﬂammatory (papulopustular) acne that is inﬂuenced by local microbes (i.e., C. acnes, others), host immune responses and genetic factors.6 , 7 , 44 Papules may develop that are raised, erythematous
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Table 1
Acne types and variants/differential diagnoses6 , 7 .
Group I Acne Vulgaris
Comedonal acne vulgaris
Inﬂammatory acne (papulopustular acne)
Acne conglobata
Acne tropicalis (tropical acne)
Acne fulminans (acute febrile ulcerative conglobate acne; acne maligna)
Group II Acne Vulgaris Variants
Infantile acne (acne neonatorum)
SAPHO syndrome
Premenstrual acne
Excessive androgen acne
Acne mechanica
Chemical acne
Acne due to physical agents
Drug-induced acneiform rashes
Gram-negative folliculitis
Folliculitis keloidalis
Non-acne/Acneiform Rashes
Acne excoriée (dermatitis artefacta; neurotic excoriations)
Acne rosacea
Rosacea fulminans (pyoderma faciale)
Hidradenitis suppurativa
Folliculitis-associated immunological defects (i.e., Chronic granulomatous disease)
Pyoderma gangrenosum (PG) (PAPA; PAPASH)
Perifolliculitis capitis abscedens et suffodiens (PCAS)
(dissecting cellulitis of the scalp)
Pseudofolliculitis barbae
Trichostasis spinulosa
Keratosis pilaris
Facial angioﬁbromas (adenoma sebaceum)
Molluscum contagiosum
Verrucae

obstructed follicles; further development results in pustules and cysts that are usually warm as
well as painful.
Various grading systems, such as the global acne grading system (GAGS), have been used by
researchers as well as clinicians.45-53 These systems continue to be developed that look at primary acne lesions (i.e., comedones, inﬂammatory acne lesions) and secondary acne lesions (i.e.,
pigmentation changes, scars). Systems may depend on describing as well as counting lesions;
however, counting can be diﬃcult and different clinicians may use different standards.54 Current research is looking at grading systems that involve photography, smart phone technology,
artiﬁcial intelligence algorithms, 3-D skin imaging and other technology.55-61
In one system, Grade I non-inﬂammatory acne involves less than 10% of the face that is involved, Grade II is 10% to 25%, Grade III is 25% to 50% and Grade IV is over 50%.6 , 7 Grades V to
XIII can reﬂect inﬂammatory acne that involves the face in a pattern similar to that noted with
Grades I-IV with comedonal acne. Other systems may note Grade I as comedonal acne, Grade II
as early inﬂammatory acne, Grade III as moderate inﬂammatory acne with pustules and Grade
IV as severe inﬂammatory acne that is generalized with papules, pustules, cysts (nodulocystic
acne), scarring and skin depigmentation. Other body parts can be involved including the neck,
chest and back.
Also, other scoring systems are used around the world such as the Investigator’s Static Global
Assessment Scale.62 Another system (face and trunk can be scored separately) looks at 0 as microcomedones (comedones <2 mm diameter; 1 or minor: comedones 2 mm or greater (< 10); 2
or mild: 10 to 20 comedones that are pustular or non-pustular; 3 or moderate: >20 comedones
or <20 pustules; 4 or severe: >20 pustules; and 5 or cystic: inﬂammatory lesions >5 mm.62 , 63
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Table 2
Outline of acne vulgaris management (see text)9 , 11 , 14 , 20 , 43 , 65 , 66 , 72-75 .
Comedonal Acnea
a Topical retinoids (tretinoin, adapalene)
OR benzoyl peroxide(Caution using benzoyl peroxide and tretinoin together as this willincrease skin irritation and
erythema)OR benzoyl peroxide/clindamycin combinationOR benzoyl peroxide/adapalene combinationCan consider
other anti-acne medications (i.e., azelaic acid)If not working, use clindamycin/tretinoin combinationMild to
moderate inﬂammatory∗ acne vulgarisAs per treatment with comedonal acneOR limited oral antibiotics (see
text)Can add oral contraceptives in females (see text)If acne is resistant, dermatology consultationModerate to
severe inﬂammatory∗ acne vulgarisAs per A and BLimited trial of oral antibiotics (see text)Can add oral
contraceptives in females (see text)Consider antiandrogens with topical anti-acne medicationIf acne is resistant,
dermatology consultationSevere nodulocystic, conglobate acneUse Grade C schemeUse isotretinoinDermatology
consultation∗ papulopustular
a

It is diﬃcult to proof Table 2 in this stage/DEG

Research continues in developing a global acne grading system that can be reliably utilized on a
wide-spread scale by clinicians.64

Differential diagnosis
Table 1 provides a classiﬁcation of acne, its many variants and a differential diagnosis of
acne.6 , 7 Group I includes comedonal acne vulgaris, inﬂammatory acne vulgaris, acne conglobata,
acne tropicalis and acne fulminans. Group II includes various acne vulgaris “variants” and Group
III considers acneiform disorders that are important aspects of acne differential diagnosis. These
disorders are considered later in this discussion after this section on acne vulgaris.

Management
Overview
Management of acne should be personalized as each person with this condition has an individualized course that must be understood and carefully followed. Basic principles are provided
in Table 2. As clinicians manage acne, they can seek to identify mild, moderate and severe acne;
also, each of these three categories can identify comedonal acne, inﬂammatory acne, and mixed
acne (i.e., comedonal and inﬂammatory).6 , 7 , 16
Clinicians should know that the condition they are treating is acne vulgaris and that they
are not dealing with other conditions that may be part of complex differential diagnoses or
co-morbid conditions (Table 1).6 , 7 , 16 Acne vulgaris contains both open and closed comedones
and thus, one can look for these lesions with or without inﬂammatory lesions as well. Some
youth have a form of mild acne that contains comedones for a relatively short time—as one or
two years. Others can have severe inﬂammatory acne vulgaris that lasts many years, even well
into the adult years, and leaving physical scarring as well as emotional sequelae that should be
managed as well. Some persons do not develop acne vulgaris until their adult years.
Basic principles of treatment should have the goal of controlling this skin condition as much
as possible and not promise a cure per se; certainly, attention to help improve the person’s
appearance is important that includes preventing or reducing scarring.13 , 15 Gentle facial washing with non-irritating soaps two to three times a day and use of various anti-acne agents, as
discussed below, are core management principles. Hyperpigmentation from the acne and/or its
potentially irritating topical agents is possible and should be monitored, especially in persons of
color.15
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Teach the person with acne to avoid excessive (harsh) washing of the face or other involved
skin since it may irritate the skin leading to acne mechanica; also, clinicians can look for pomade
acne, occupational acne, chemical acne and other such situations with various irritants (see later
discussion). Avoid the underlying issue if possible (i.e., oils, grease, others).
Advise the avoidance of irritating the skin with application of mechanical abrasives, alcohol,
and astringents. Provide guidance to youth that acne is not due to “dirty” skin and that it is
not a shameful disease, but a complex condition affecting billions of human beings. Oil-free or
water-based cosmetics can be applied carefully and patients should avoid oily creams as well as
other agents that irritate the skin. Youth should avoid injuring the acne lesions by squeezing or
otherwise damaging the skin to add further infection. A comedone extractor can be useful for
clinicians and patients to remove some of these lesions.

Diet and acne
Diet is usually not the cause of acne but some persons will provide anecdotal opinions that
certain foods can worsen their acne; these include greasy foods, chocolate, nuts and others.65
Long touted in lay circles, avoidance of milk and high glycemic load foods in the diet has come
to be supported in the last few decades by some evidence. This may be related to the increased
levels of insulin-like growth factor 1 (IGF-1) found in patients with dairy/glycemic-heavy diets,
and could be yet another manifestation of insulin resistance.66-69 Also, the role of diet with acne
is better appreciated by linking IGF-1 with inﬂammation in acne.14 , 66
Many of the studies on the subject have been observational, comparing acne vulgaris incidence among different populations living in the same area but who have vastly different diets;
also, there is evidence of acne incidence in a population before and after adoption of the “Western” diet.70 Indeed, there have been a few small clinical trials of low glycemic-load diet with
promising results.71 Research also continues to study various other dietary issues that include
the potential role of vitamin A and E as lipid-soluble antioxidants as well as the role of omega3-fatty acids.66

Medications and acne
General comments on anti-acne medications are now provided and then many of these medications are covered individually. A wide variety of anti-acne medications have been identiﬁed
and utilized in various management regimens as the 20th century proceeded; examples include benzoyl peroxide in the 1920s, tretinoin in the 1970s, and oral isotretinoin in the 1980s6 , 7
(Table 2). Recommendations for acne treatment are generally based on expert opinion or consensus reports that may change from time to time.72 , 73 More evidence-based studies are needed
to identify the best anti-acne measures for those with acne including adult females.74
Application of topical anti-acne medication is the recommended route of management for
mild to moderate acne; this includes topical retinoids (i.e., tretinoin, adapalene, tazarotene),
benzoyl peroxide, azelaic acid, and others (Table 2).73 , 74 Topical retinoids are often the choice
of many clinicians for acute and long-term acne treatment.14 , 20 The cost of these various drugs
must be considered as well and may prohibit use of newer agents in monotherapy or combined
therapy.
Various over-the-counter topical agents are available that include benzoyl peroxide, resorcinol, and sulfur. Side effects of these agents (i.e., retinoids, benzoyl peroxide) are mild to moderate local skin irritation and others considered later under each speciﬁc topical agent.75
For example, many topical treatments such as benzoyl peroxide and retinoids can result in
skin irritation and may need to be gradually titrated from every other day to daily use. A peasized amount of the topical agent is placed on a ﬁnger, split into four parts of the face, and a
thin amount applied gently over the acne affected areas. Hypersensitivity reactions are considered under benzoyl peroxide. There are mixed outcomes in utilization of oral zinc sulfate for
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acne and, in addition, limitations in use are due to potential gastrointestinal adverse effects.65
Also of uncertain beneﬁt for acne, though often used for years, are topical sulfur, salicylic acid,
and resorcinol.65
Table 2 provides an outline of some treatment options for acne vulgaris that are discussed in
this article.9 , 11 , 14 , 20 , 43 , 65 , 66 , 72-75 Primary care clinicians must consider the cost of various medications and medication combinations to the patient, what the patient prefers (i.e., accepts for
good compliance), what seems to be effective, and what steps are in agreement with local dermatologists with whom the clinician consults. Frequent follow-up visits are needed to monitor
the patient, allow improvement in the skin condition and allow long-term maintenance for this
condition that is typically chronic in nature.
Cutibacterium acnes resistance to antibiotics is a major problem and thus, antibiotics (i.e.,
systemic and topical) for acne, are recommended only in combination with retinoids and/or
benzoyl peroxide in a limited manner (i.e., not over 12–16 weeks for topical and oral antibiotics).14 , 20 , 66 , 73 , 74 Microbiome disruption due to excessive antibiotic use in management of acne
has become a major global phenomenon.66 Systemic antibiotics often cause gastrointestinal upset and may be associated with dysbiotic side effects including candidal infections or gramnegative folliculitis.
Topical retinoids are contraindicated in female patients who are pregnant; tazarotene is listed
as category X while tretinoin and adapalene are listed as category C with the U.S. Food and
Drug Administration (FDA) Pregnancy categories.75 Oral isotretinoin is prescribed for those with
severe acne that is resistant to other treatments; many adverse effects may occur including major teratogenic risks as noted later.20 , 73 , 75 Combined oral contraceptives may be beneﬁcial for
adolescent and adult females with moderate to severe acne.14 , 66

Communication with the patient
Managing youth with acne is both a science and an art to help each patient in a personal
manner that maximizes compliance with effective anti-acne measures as well as medications
in the acute and long-term management strategy.6 , 7 , 15 , 76-78 Dealing decisively with potential
medication adverse effects is important for continued compliance with the overall management
plan.75 , 78 Clinicians should remember that acne can worsen after the initial treatment phase
and good follow-up strategy is needed for long-term success.77 Other clinical challenges should
be understood such as providing appropriate medication for those with skin of color who may
be at increased risk for post-inﬂammatory hyperpigmentation and keloid development.15 , 79
Various methods of communication can be contagious to the young patient allowing excellent compliance with treatment recommendations; these can include social media techniques,
visual instruction tools, and development of good rapport with one’s patient no matter what the
age.76-78 Effective communication with the adolescent patient, for example, requires a clinician
to understand basic principles of interview skills as well as techniques, conﬁdentiality, active
listening skills, informed consent, and shared decision-making.78
Some males may not like taking topical medications as its application may be considered too
“feminine” a task. Teach the male that it is simply taking medication and not a gender issue
per se. Clinicians should always keep in mind the art of managing patients and also remember,
as considered later, the emotional toll skin diseases can have on children, teenagers, and adults.
Early and aggressive management can prevent later scarring with emotional consequences in
many persons.13 , 80 This discussion now further considers various anti-acne mediations.

Benzoyl peroxide
Benzoyl peroxide (BPO) was developed in 1905 and was found to have medical indications
in the 1930s; a London, Ontario physician, William Pace MD, recognized its beneﬁt for acne in
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Table 3
Potential adverse effects of benzoyl peroxide on skin.
Dryness and erythema (especially in atopic, black, fair-skinned persons)
Excessive skin peeling
Transient worsening of acne via stimulation of comedones already present
Increased photosensitivity
Pigmentary changes
Bleaching of towels, bed coverings, clothes, other colored materials
Hypersensitivity reactions (see text)
Orange/yellow skin discoloration if combined with dapsone; see text on dapsone

1953 and benzoyl peroxide (BPO) was ﬁrmly seen as an essential aspect of acne management in
the 1970s.81 , 82 BPO has been listed as part of the World Health Organization Model of Essential
Medicines, listed by the U.S. FDA as a GRASE (generally regarded as safe and effective) medication, and has become a commonly used medication for acne vulgaris treatment with or without
other medications.6 , 7 , 73 , 83
BPO is a member of the peroxide family having two benzoyl groups joined with a peroxide
link and placed in various formulations: cream, gel, foam, wash or soap.84 BPO topical agents
can be variable concentrations: 2.5%, 5% and 10%; soaps can be a 5% or 10% wash useful for large
areas such as back acne. Benzoyl peroxide is also found in various combinations with different
chemicals such as adapalene, salicylic acid, sulfur, vitamin A and antibiotics (i.e., erythromycin
or clindamycin).83 , 85-87
Benzoyl peroxide application on the acne skin leads to dehiscence of keratin with
desquamation—thus providing beneﬁcial comedolytic effects for comedonal acne. This chemical also provides anti-acne effects that are anti-inﬂammatory and antimicrobial (bacteriostatic)
along with decrease of free fatty acid levels in the skin; also, there is reduction of local bacteria, increased skin turnover and clearing of pores.81 , 88 , 89 BPO is useful for mild inﬂammatory
and comedonal acne vulgaris. Comparison between different groups reveals similar eﬃcacy and
safety.90 An important anti-acne action seen with benzoyl peroxide (as well as hydrogen peroxide) is the induction of oxidative stress that upregulates p53 (tumor protein p53) that is a tumor
suppressor gene.91 As noted later, the transcription factor p53 is an important effector of other
anti-acne medications as well.91
Side effects of benzoyl peroxide are noted in Table 3 and its dermal irritation may lead
to patient withdrawal or non-compliance with this medication.75 , 89 Liquid and cream formulations tend to be less irritating than gel formulations; however, benzoyl peroxide gels are
usually more beneﬁcial for acne treatment. Also, water-based gels are less irritating than acetone or alcohol-based gels. Research is looking at nanocrystalline benzoyl peroxide preparations to minimize irritation of the stratum corneum and thus, less irritation by the benzoyl
peroxide.90
One commonly utilized application method is to begin with 5% BPO in a thin-layer (i.e., peasized) and for a few hours a day or every other day for a brief period of time as tolerated. Then,
continue with a gradual build-up plan as tolerated to an overnight application and eventually
apply two times a day. Such a plan carefully seeks to provide tolerable dryness with peeling
but avoid discomfort (i.e., excessive erythema, cracking, or chapping). Eventually, a 10% benzoyl
peroxide is applied in a careful manner and combination products may be beneﬁcial for those
not helped with BPO alone.
As considered later, BPO can be added to the use of oral antibiotics with moderate to severe
acne to help deal with the increasing antibiotic resistance that has arisen; a topical retinoid
can be used in this situation as well with or without the benzoyl peroxide and the topical/oral
antibiotic medication should not be used over 3 months.75 , 92
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Table 4
Anti-acne effects of retinoids (tretinoin)99 , 101 , 103-105 .
Augments cell turnover rate in the follicular epithelium
Thins the skin horny layer
Decreases epithelial cell cohesiveness
Anti-inﬂammatory action
Augments antibiotic actions
Reduces comedones (comedolytic)
Activates nucleic retinoic acid receptors (RARα , RARβ , and RARγ )
Other beneﬁts: See text

Hypersensitivity reactions
With any topical treatment, a patient may develop type IV hypersensitivity in the form of
allergic contact dermatitis, though this is rare in the case of benzoyl peroxide.93 However, there
have also been reports of immediate-type hypersensitivity, including anaphylaxis, to over-thecounter topical salicylic acid or BPO products.94 Because of this and as noted previously, it is
recommended for a patient to watch for this and one method is to test a topical product on a
small affected area for the ﬁrst several applications and monitor for any symptoms.

Retinoids: tretinoin
Retinol was extracted from egg yolk in 1909 and this event eventually lead to the utilization
of retinoids (topical and oral) for acne treatment later in the 20th century.95 G. Stüttgen in Düsseldorf (Germany) and P. Beer in Basel (Switzerland), independently in 1962, identiﬁed dermatological beneﬁt of topical vitamin A acid with such issues as skin neoplasms and ichthyoses.96 , 97
In addition, AM Kligman and colleagues (Philadelphia, PA, USA) further alerted clinicians in the
late 1960s to its major beneﬁts for acne management.98 Various topical retinoids have become
utilized to manage acne and these include tretinoin that is considered now, as well as thirdgenerational retinoids adapalene and tazarotene—considered next.99 The novel fourth generational retinoid, trifarotene, will also be brieﬂy considered.
Tretinoin (all-trans retinoic acid; ATRA) is the acid form of vitamin A and utilized for acne
in various preparations: cream (0.025%, 0.05%, 0.1%), gel (0.01%, 0.025%), micro-gel (0.04%, 0.1%)
and liquid (0.05%).16 , 20 , 99 Topical micronized tretinoin 0.05% gel contains ﬁsh protein and must
be used cautiously in patients with known ﬁsh allergy.100
Tretinoin has been approved for acne treatment for over 4 decades and is used as management for various conditions that include acne, stretch marks, aging-related wrinkling (photodamage), and melasma.101 Topical retinoids are approved by the U.S. FDA for those with acne
vulgaris who are at least 12 years of age and are nonpregnant as well as non-lactating.99 Topical retinoids are contraindicated in females who are pregnant and a FDA pregnancy category
of C is applied to tretinoin and adapalene versus an X for tazarotene.75 Research continues into
potential teratogenicity of various topical retinoids.102
Tretinoin or other topical retinoids are the ﬁrst choice and mainstay of many clinicians for
acne management due to its widespread anti-acne effects as listed in Table 4.99 , 101 , 103-105 Topical retinoids do not alter the skin microbiome nor contribute to antibiotic resistance.105 Topical
retinoids are beneﬁcial for acne patients with skin of color; hydroquinone is recommended for
post-inﬂammatory hyperpigmentation.79
Thus, topical retinoids, such as tretinoin, are useful for those with many comedones and persons with moderate to severe inﬂammatory acne vulgaris. Topical retinoids can be combined
with benzoyl peroxide and/or an antimicrobial agent for maximum eﬃcacy.104 Thus, topical
retinoids can be combined with oral antibiotics for moderate to severe acne vulgaris in a therapeutic plan that stops the antibiotic after 8 to 12 weeks and maintains the retinoid as ongoing
acne treatment.94 , 104
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Table 5
Potential adverse effects of topical tretinoin103-106 .
Skin redness (erythema)
Excessive skin peeling
Xerosis
Skin scaling
Burning; severe sunburn
Transient worsening of acne via stimulation of comedones already present
Can worsen eczema
Can worsen dermatitis
Do not use para-aminobenzoic acid (PABA) sunscreens due to increased risk of hypersensitivity
Increased photosensitivity
Post-inﬂammatory hypo- and hyperpigmentation changes (especially in darker-skinned persons)
Hypersensitivity reactions
Fish allergy—see text (0.05% topical micronized tretinoin gel)100
Increased skin sensitivity if combined with benzoyl peroxide
Avoid hair removal/waxing if using tretinoin as epithelial removal increases risks for skin redness and pain
Potential bleaching of clothes, bed sheets, other material
Category C classiﬁcation as risk of teratogenicity unknown for adapalene,
tretinoin) and X for tazarotene.

Potential adverse effects of tretinoin are noted in Table 5.103-106 Dermatologic side effects
may be decreased using lower potency formulations and a gradual increase in use of tretinoin
products is recommended along with appropriate sunscreen for exposure to the sun—as suggested for benzoyl peroxide.6 , 7 , 101 Also helpful in deceasing local skin effects from topical
retinoids is keeping away from temperatures that are extreme and application of moisturizers.
Other regimens for use to decrease skin irritation include using a mild soap for skin cleansing
as well as allowing a delay of 30–45 min between cleaning the face and topical tretinoin application. Many patients note that the liquid or solution forms of tretinoin are the preparations
most irritating to the skin. As noted with benzoyl peroxide applications, use a gradual application process for topical tretinoin, as for example, once every second or third day to every day
as tolerated. If combining tretinoin with BPO preparations, use caution and various plans are
seen in this regard—such as use of tretinoin at night and BPO in the morning. Effects of topical
retinoids can be decreased by benzoyl peroxide and the two are not applied at the same time.
Teach the teenage patient and others that initial tretinoin application can irritate formed
comedones leading to a transient or temporary pustular rash within two to three weeks of initiation; this may occur in approximately half of individuals and some stop the medication with
concerns that the acne medication is making their skin condition worse. As noted in Table 5,
the skin should be dry after tretinoin application before coming into contact with materials that
may be stained or bleached by the medication.
A tretinoin 0.05% lotion has been well tolerated in pre-adolescents, adolescents and adults
with acne vulgaris (moderate and severe) with reduced side-effects.107-109 New nanotechnology
in topical tretinoid preparations also reduce skin irritation adverse effects as well and can target
the pilosebaceous unit with this medication versus the surrounding dermal tissue; these new
delivery systems involve nanostructured polymers as well as lipid carriers, cyclodextrins, niosomes, solid lipid nanoparticles (SLNs), and liposomes.105 , 106 , 110

Retinoids: adapalene
As a third generation, anti-inﬂammatory retinoid, topical adapalene is among the besttolerated topical retinoids including when used for acne patients with skin of color.100 , 104 , 111-113
Adapalene is used for treatment of acne vulgaris, keratosis pilaris, verruca vulgaris, Darier disease, photoaging, pigmentary disorders, molluscum contagiosum, alopecia areata and other conditions.112 Adapalene was approved by the U.S. FDA in 1996 for management of acne vulgaris; it
can be utilized for mild to moderate acne vulgaris in formulations as: 0.1% cream, 0.1% gel, and
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0.3% gel. As a topical retinoid, it is also useful to improve post-inﬂammatory hyperpigmentation
and acne scars found in some patients.113 , 114
The comedolytic and anti-inﬂammatory action of adapalene, as a selective RAR and γ agonists, allows it to be a stable addition to topical antibiotic formulation– as BPO (i.e., adapalene
0.3%-benzoyl peroxide 2.5%) and topical clindamycin for mild to moderate acne versus use with
oral antibiotics for severe acne vulgaris.115-117 As previously noted, limiting use of antibiotics to
3 months or less in acne management is important to deal with antibiotic resistance; however,
using a ﬁxed dose of adapalene and BPO can help reduce this adverse effect to some extent as
well.118-120
Bothersome adverse effects of adapalene (i.e., skin irritation, burning, dryness, peeling,
others—see Table 5) vary from patient to patient; however, beneﬁt can be seen with various
regimens of application (i.e., slow build-up) that have been developed along with use of a less irritating combination vehicle formulations as well as moisturizers, emollient lotions, less sunlight
exposure, avoidance of extreme temperatures, and other measures.100 , 116 , 119 , 121-123 As noted before, clinicians must work carefully with each patient and keep the issue of medication costs in
mind at all times.

Retinoids: tazarotene
Tazarotene a topical, anti-inﬂammatory, third-generation retinoid (foam, gel or cream: 005%
and 0.1%) that binds selectively to retinoic acid receptor (RAR)-β and RAR-γ ; it is utilized for
such conditions as acne vulgaris (mild to moderate), acne scars, sun exposure-induced skin damage, and psoriasis.124-126 The 0.1% foam tazarotene was approved by the U.S. FDA for management of acne vulgaris in those 12 years of age and older.125 A 0.45% lotion form for once a day
treatment regimen is also being utilized for moderate to severe acne and may have improved adverse effects in contrast to other vehicles.127-129 Adverse effects may occur as noted with topical
retinoids, including severe skin dryness and cracking that are managed as discussed previously
(Table 5).100 , 104 It is classiﬁed a category X and contraindicated in pregnancy.75
A typical regimen for use is at night after applying a mild face cleanser and as noted with
retinoids and BPO, real beneﬁt of use may take some weeks—thus encouraging some patients to
stop using it out of concern for its effectiveness. Thus, as with all these medications, the art of
being an effective clinician is as important (or more so) as the science behind the recommended
treatment.

Retinoids: trifarotene
Trifarotene is a novel fourth-generation retinoid that has selective effects on the RAR-γ receptor and can be utilized for acne vulgaris.130-132 As more research is published on fourth generational retinoids, clinicians must deal with medication cost as well as individual patient tolerance and acceptance.

Azelaic acid
Azelaic acid is a member of the dicarboxylic acid group that is produced from a yeast found
on normal skin– Pityrosporum ovale (Malassezia furfur)—and also noted in wheat, rye, and barley; it is produced industrially via oleic acid ozonolysis.7 Azelaic acid is useful in the treatment
of acne vulgaris because of various actions including being anti-oxidative, comedolytic (prevents
occlusion of skin pores; anti-comedogenic), anti-inﬂammatory, and anti-bacterial (bactericidal
against various Gram-positive as well as Gram-negative bacteria).133-136 Azelaic acid downregulates antimicrobial and proinﬂammatory cathelicidins that are part of the complex immune sysPlease cite this article as: D.E. Greydanus, R. Azmeh and M.D. Cabral et al., Acne in the ﬁrst three decades of life:
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tem.21 Azelaic acid’s anti-acne effect also involves mitochondrial changes that are linked with
increase (release) of reactive oxygen species that involves p53 induction.91
It is an anti-acne medication (mild inﬂammatory and comedonal acne) that is also used for
various dermatological conditions including acne rosacea and when other anti-acne medications
(i.e., topical retinoids) are not tolerated.21 , 79 , 133 , 134
Azelaic acid is available as a 20% cream, 15% foam and 15% gel taken two times a day as
tolerated.134 Adverse effects, though typically transient, include skin stinging, burning, tingling
and/or itching. Azelaic acid 15% foam,alone or in combination with tretinoin lotion (0.05%), can
be used for facial as well as truncal acne that can be seen with half of those with facial acne
vulgaris and sometimes limited to the trunk.136 , 137 A 30% azelaic acid peel is also utilized for
acne vulgaris management.138
Hypopigmentation has been reported after its use (especially with dark skin); however, azelaic acid is also utilized to treat skin pigmentation diseases (i.e., postinﬂammatory hyperpigmentation) because it decreases melanin production as a tyrosinase inhibitor.133 , 139 Indeed, a major
beneﬁt of this topical agent is improvement of hyperpigmented lesions of the skin.139

Antibiotics
Overview
Utilization of antibiotics are provided for mild to moderate acne vulgaris characterized by
inﬂammatory skin disease with or without overt cystic disease; typically, antibiotic therapy is
combined with other drugs such as topical retinoids and/or BPO (Table 2).83 , 93 , 140 , 141 Topical
antibiotics have been used for mild to moderate acne vulgaris that includes mixed inﬂammatory
and comedonal acne.
Beneﬁt may arise from use of antibiotics because of various mechanisms that include suppression of Cutibacterium acnes in the skin, inhibition of bacterial lipase and inhibition of migration of neutrophils via enhancement of chemotaxis. Oral antibiotics (i.e., tetracycline, erythromycin, doxycycline, and minocycline) may take several weeks (i.e., 6–8 weeks) to allow one
to see clear beneﬁt but should be used only up to 3 months to lower antibiotic resistance development.
Topical antibiotics include erythromycin and clindamycin; the gel form may be more beneﬁcial for those with oily skin. Minocycline foam may be beneﬁcial for some persons with
acne vulgaris.120 Less commonly used topical antibiotics include metronidazole and sulfonamide
(sodium sulfacetamide with or without sulfur). Topical forms of these antibiotics may also lead
to skin irritation and dryness. Failure of improvement with use of antibiotics for acne vulgaris
may develop because of antibiotic resistance that is now considered.
Antibiotic resistance
A growing problem is bacterial resistance (over 50% in some countries to topical macrolides)
including multi-drug resistance especially seen with erythromycin (with cross-resistance to clindamycin and other macrolide antibiotics); it can also be found somewhat with tetracycline (less
to doxycycline, minocycline and levoﬂoxacin).142
In order to provide increased control of this complication, clinicians should seek to avoid prescribing antibiotics (oral or systemic) for over 3 months. One should also be aware of resistance
patterns in one’s local area and prescribe with this in mind. For example, if erythromycin resistance is common, use it for those not yet treated for acne as their skin may not yet contain
such resistant organisms. Oral clindamycin should not be prescribed for acne vulgaris because of
the risk of developing colitis; pseudomembranous enterocolitis has rarely been a complication
of topical clindamycin as well.
Topical antibiotics should not be used for more than 3 months nor combined with the same
antibiotic in oral formulation in order to lower the risk for antibiotic resistance; this is particularly noted with topical clindamycin and erythromycin. Other ways to decrease such Cutibacterium acnes resistance is to combine the antibiotic with a topical retinoid or benzoyl peroxide
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Table 6
Medications/compounds to reduce antibiotic resistance in acne therapy142 .
Benzoyl peroxide (BPO)
Azelaic acid
Zinc with retinoids
Dapsone
Lauric acid
NB-003
Octadecenedioic acid
Phytosphingosine
Resveratrol
Retapamulin
T-3912
Others

Table 7
Reasons for failure of improvement in acne from oral tetracycline.

1
2
3
4
5

Poor compliance with taking medication
Concern with medication side effects
Absorption problems
Antibiotic resistance
Persistence of deep nodular lesions

(i.e., BPO with erythromycin or BPO with clindamycin). Clinicians should avoid using topical antibiotics as monotherapy for acne vulgaris and they should be part of a combination management plan; use of azelaic acid can also reduce antibiotic resistance.75
Research is looking at the beneﬁt of 0.04% tretinoin microspheres plus 1% clindamycin for
acne vulgaris.143 Methods to lower Cutibacterium acnes (Propionibacterium acnes) resistance also
includes using BPO and azelaic acid as noted previously.142 In addition, research is looking at the
use of zinc and retinoids, dapsone (see later) and other compounds under study (Table 6).142

Oral tetracycline
An antibiotic commonly prescribed for acne vulgaris is tetracycline (TCN) that is effective
for inﬂammatory acne for various reasons, as noted before, including because of its inhibition
of matrix metalloproteinase (MMP) enzymes.144 TCN and macrolides inhibit p450 enzymes that
impair breakdown of ATRA (all-trans retinoic acid) with resultant rise in p53.91
Dosages typically range between 250 mg and 10 0 0 mg per day and are not usually over
1 gram per day—though sometimes a dose of 2 to 3 g per day is needed for beneﬁt. A common
regimen is 250 mg four times a day or 500 mg twice a day with slow decrease to 250 mg a day
as determined by overall eﬃcacy and tolerance of the TCN.
Advise the patient to take this medication on an empty stomach for the best absorption; such
timing includes, for example, 2 h after a meal or 1 h prior to a meal. Counseling this person also
includes the understanding that appreciable acne beneﬁt or skin improvement may not occur for
two to four weeks after medication initiation; reasons for failure of improvement includes those
listed in Table 7. Take the TCN with a large glass of water and avoid taking it along with dairy
products or an antacid as this can reduce TCN eﬃcacy for acne beneﬁt. Combining TCN with
ibuprofen may increase TCN eﬃcacy.
Potential adverse effects of oral tetracycline use are listed in Table 8; many are dose-related
and may occur in daily doses over 500 mg. Clinicians can look for these adverse effects including
esophageal irritation and photosensitivity; chronic consumption may lead to renal complications
and bacterial resistance. Periodic laboratory screening includes getting a complete blood count
(CBC), liver enzymes, blood urea nitrogen and creatinine.
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Table 8
Potential side effects of tetracycline.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Allergic reactions
Anemia (hemolytic)
Bacterial resistance
Esophagitis
Gastrointestinal irritation
Gram-negative folliculitis (especially about the nose in those with chronic use)
Headache
Increase in blood urea nitrogen (often transient)
Inhibition of leukocytosis during acute infections
Leukopenia (typically transient)
Elevation of liver enzymes (typically transient)
Photo-onycholysis – separation of the nail from its plate after sun exposure (rare)
Photosensitivity
Pseudotumor cerebri (idiopathic intracranial hypertension)
Teeth discoloration (avoid tetracycline if under 9 years of age)
Vaginitis (monilial)

Those under 9 years of age should not take TCN since enamel defects may occur in unerupted teeth and it can be deposited in teeth as well as bones of the fetus if the mother
takes TCN while pregnant. TCN is contraindicated in pregnancy and situations of pregnancy have
anecdotally been reported in some females on TCN and oral contraceptives (OCs); interference
of TCN with oral contraception due to TCN interference with OC eﬃcacy because of effects on
gastrointestinal ﬂora remains controversial. TCN-induced monilial vaginitis usually responds to
anti-fungal medication.
Oral erythromycin
Another commonly prescribed oral antibiotic for inﬂammatory acne is erythromycin tablets in
a daily dosage range of 500 mg to 20 0 0 mg. No age restrictions are noted (as per TCN) but side
effects may occur that include gastric irritation (especially if taken on an empty stomach such
as one hour before a meal), nausea, and diarrhea. Enteric-coated erythromycin may decrease
adverse gastrointestinal effects.
Oral doxycycline
Doxycycline (100 mg twice daily with maintenance dosage of 50 mg twice day or 100 mg
daily) is used for management of acne and has adverse effects similar to TCN (Table 8). There
tends to be less staining of teeth though it should be avoided in those under 9 years of age.
Common problems include gastrointestinal irritation, photosensitivity and photo-onycholysis.
Less antibiotic resistance is reported with such preparations as doxycycline MR and doxycycline 20 mg that are sub-antimicrobial; they involve down-regulation of antimicrobial and proinﬂammatory cathelicidins as seen with azelaic acid.142
Oral minocycline
Minocycline is given orally at a dose of 50 to 100 mg twice a day with a daily range of
50 mg to 300 mg. Advise oral consumption with an empty stomach and do not take with dairy
products. There is an age limitation of age 9. It should be seen as a second-tier oral antibiotic
for acne vulgaris due to its high price and side effect proﬁle that includes such life-threatening
conditions as the DRESS (drug reaction with eosinophilia and systemic symptoms) syndrome
(Table 9)1 .145 , 146 Various other drugs can be associated with the DRESS syndrome including dapsone and less commonly, NSAIDs (non-steroidal anti-inﬂammatory drugs), hydroxychloroquine
and others.146
1

DEG: Diﬃcult to see the style of Table 9 in comparision to what I sent.
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Table 9
Potential adverse effects of oral minocycline.145 , 146
Antibiotic resistance (chronic use)Autoimmune syndromes (rare)
a
b
c
d
e
f

Autoimmune hepatitis
Serum-sickness-like reaction
Lupus-like syndrome
Hypersensitivity syndrome
Vasculitis
Drug reaction with eosinophilia and systemic symptoms (DRESS) syndrome

DizzinessHeadachesPhotosensitivitySkin pigmentation/discoloration (localized dark-bluish or gray facial marks)
(chronic use)Teeth discoloration (avoid in those under 9 years of age)Vertigo (vestibular disturbance)
Table 10
Potential adverse effects of oral trimethoprim-sulfamethoxazole.
Avoid with G6PD deﬁciency
Bone marrow suppression
Drug hypersensitivity reaction
Gastrointestinal (GI) upset
Hepatitis
Renal toxicity
Stevens-Johnson syndrome

Trimethoprim-sulfamethoxazole
This is another second-tier drug used for management of inﬂammatory acne vulgaris in a
dosage of once or twice daily with the 80/400 or 160/800 mg formulations of trimethoprimsulfamethoxazole. No age limitations are noted but considerable adverse effects may occur, as
noted in Table 10. Do not prescribe for persons with glucose-6-phosphate dehydrogenase deﬁciency (G6PD).
Cephalexin
Dosage of cephalexin for inﬂammatory acne vulgaris is 250–500 mg twice a day. Gastrointestinal upset may occur and it is considered a second-tier medication for acne.

Dapsone
Dapsone (diaminodiphenyl sulfone [DDS]) is an odorless, crystalline powder that is creamywhite and prescribed to manage various conditions including acne (mild to moderate). Dapsone
has anti-inﬂammatory as well as immunomodulatory effects and is U.S. FDA-approved for acne
treatment. It can be used as a 5% gel for acne vulgaris while oral dapsone is provided for acne
fuminans as well as acne conglobata if other treatment do not work.120 It can be beneﬁcial in
not inducing antibiotic resistance and also beneﬁcial for patients with skin of color who have
acne vulgaris.79 , 139 As noted previously, oral dapsone has been associated with the DRESS (drug
reaction with eosinophilia and systemic symptoms) syndrome (also called the drug-induced hypersensitivity syndrome).146 Topical dapsone and topical BPO, when applied together, may cause
orange or yellow discoloration of the skin.147

Oral contraceptives (OCs)
In addition to effective contraception, oral contraceptives (OCs) can improve acne vulgaris with various mechanisms, including decreasing gonadotropin secretion, lowered androgens
(ovarian-induced), and augmented levels of SHBG (sex hormone binding globulin) that decreases
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Table 11
Conditions treated with isotretinoin (13-cis-retinoic acid).153 , 155 , 159
Nodulocystic acne vulgaris
Milder acne vulgaris resistant to other medications
Acne with scarring and psychological issues
Acne conglobata
Acne rosacea
Acne fulminans
Hidradenitis suppurativa
Types of ichthyosis
Others
Table 12
Proposed mechanisms of action for isotretinoin.
Increase p53 expression that has anti-acne effects91
NGAL (neutrophil-gelatinase-associated lipocalin) effects
NGAL effects leads to decrease sebum production
Shrinks sebaceous glands
Improves abnormal keratinization
Anti-inﬂammatory effects
Inhibits growth/antimicrobial action on Cutibacterium acnes (Pa . acnes)
Increases levels of dermicidin (DCD) (antimicrobial peptide of eccrine/sebaceous glands); also called
proteolysis-inducing factor (PIF)160
a

DEG: (C. acnes)

free testosterone levels. OCs can be utilized as adjuvant management for acne vulgaris especially
in a sexually active female.14 , 66
Low androgenic progestin type OCs are recommended that include norgestimate with ethinyl
estradiol that is FDA-approved for acne vulgaris treatment; others contain norethindrone acetate
with ethinyl estradiol and drospirenone with ethinyl estradiol.148-152 Other effective OCs include
ethinyl estradiol combined with chlormadinone acetate that is seen in Europe.151 Females who
are sexually active and have acne may have worsening of their acne if given such contraceptives
as long-acting progestin implants or depo-medroxy-progesterone acetate (Depo-Provera).152

Isotretinoin (13-cis-retinoic acid)
Isotretinoin (Accutane; others) is a derived from vitamin A and has been used since the 1980s
for management of a variety of skin conditions (Table 11).153-159 Its precise mechanism of action is under research but proposed reasons for its positive effects on disorders are noted in
Table 12.153 , 157 , 159 , 160 It can induce a permanent acne remission even though its actual effects
on sebum production are temporary. Isotretinoin can be used for a variety of patients with acne
including persons of skin of color.79
Isotretinoin can be prescribed in a dosage of 0.5 to 1.0 mg per kg per day (up to 2 mg/kg/day)
that is taken over a two-times a day regimen; it is then taken for 15 to 24 weeks—up to 9
months. It has a short half-life and is cleared from the body in a few days. Studies suggest that
acne improvement is usually noted with an accumulative dose of 100 to 150 mg per kilogram
and that a second course sometimes is needed after the patient has been off isotretinoin for
more than 2 months. Research also notes that most persons have substantial acne improvement
with at least 40% having full resolution of their acne.72
The side effect proﬁle, as noted below, is considerable (Table 13) and various treatment regimens now suggest using half the regular dose or other low isotretinoin plans to reduce this substantial adverse effect proﬁle; however, a lower dose of this medication may result in increased
relapse rates of acne after isotretinoin is stopped. Combining isotretinoin with an antihistamine
may improve its eﬃcacy and lower adverse effects.157 The side effect proﬁle of oral isotretinoin
can limit its use in some persons.159
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Table 13
Potential side effects of isotretinoin.
Teratogenicity (see text)
Cheilitis (90%)∗
Severe dry skin and pruritus (80%)∗
Dry nose and mouth along with epistaxis (80%)
Conjunctivitis (40%)
Diﬃculty with contact lenses (40%)
Increased cholesterol and triglycerides (25%)∗
Musculoskeletal aches (16%)
Alopecia and hair thinning (10%)∗
Headache (5%)
Fatigue (5%)
Corneal opacities (5%)
Acne rosacea∗ (with high doses of isotretinoin)
Arthralgia∗
Degenerative disk disease∗
Depression (<5%)∗
? Suicide risk?
Dry eyes∗
Decreased night vision∗
Erectile dysfunction∗
Inﬂammatory bowel disease∗ (including exacerbation of previous disease) (can be severe)
Keloids∗
Osteopenia∗
Cervical spine hyperostosis
Increased blood sugar levels
Increased liver enzyme levels
Increased susceptibility to sunburn
Peeling of palms and soles
Photosensitivity
Premature epiphyseal closure
Pseudotumor cerebri (especially when combined with oral antibiotics [i.e., tetracycline])
Rectal bleeding and diarrhea (can be severe)
Severe low back pain
Stevens-Johnson syndrome
Others
∗
May be permanent side effects

As noted in Table 13, the person taking oral isotretinoin over time has a potential severe adverse effects proﬁle and clinicians must inform their patients of this as well as provide careful
monitoring for these potential negative effects.153 , 158 , 159 As noted in the next section (Table 14),
oral isotretinoin is a known teratogen and patients who may become pregnant must be on reliable birth control before being prescribed this agent. It also commonly causes dry mucus membranes as well as dry skin and may cause hypertriglyceridemia or elevated hepatic transaminase
levels.153 Oral isotretinoin has been associated with Stevens-Johnson syndrome, idiopathic intracranial hypertension (pseuodotumor cerebri) and other conditions (Table 13).153
There can be considerable rise in triglycerides that is especially noted in persons with diabetes mellitus, obesity, alcohol abuse and/or a positive family history for hyperlipidemia.153
Severe rectal bleeding or diarrhea may be seen in some with a history of gastrointestinal disorders while research has proposed an association with Crohn’s disease and ulcerative colitis. Final
closure of epiphyses may not occur in some until the late teenage years or early 20 s; thus, consumption of isotretinoin in adolescence may lead to decreased potential growth via long bone
growth reduction.
Chronic consumption of isotretinoin may lead to diffuse skeletal hyperostosis and there is
also a link noted between the use of tetracyclines and isotretinoin with development of pseudotumor cerebri. Taking vitamin A supplements may augment this toxic risk as well; also, consuming high isotretinoin doses may lead to toxicity that resembles that seen in vitamin A toxicity.
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Table 14
Teratogenic effects of isotretinoin (partial list).6 , 7 , 153 , 154 , 158

A Head
-Anencephaly-Abnormal cranium-Microcephaly-Psychomotor retardation-Seizures
A Eyes
-Blindness-Microphthalmia-Palpebral ﬁssures’ down-slant
A Ears
-Absent 8th nerve
-Atretic ears
-Deafness
-Hypoplastic auditory meatus
-Rudimentary or malformed pinnae
A Mouth
-Cleft lip
-Cleft palate,
- Micrognathia
A Cardiovascular
-Atrial septal defects
-Patent ductus arteriosus
-Truncus arteriosus
-Ventricular septal defects
-Others

traindication to taking isotretinoin. Issues of depression, suicidality and also teratogenicity are
considered in the next sections.154
Caring for the isotretinoin patient
Before initiating the isotretinoin for a patient, the clinician should obtain some testing; these
include a complete blood count (CBC), chemistry proﬁle with liver function testing, and fasting lipid proﬁle (i.e., triglycerides and cholesterol). A repeat CBC and chemistry proﬁle is often
performed at 4–6 weeks into medication use.
Cheilitis may be improved with frequent application of white petrolatum to the lips that may
be even hourly application with or without use of hydrocortisone application (1% or stronger
formulation). Xerosis of the skin may be helped with applying lipid-free moisturizers or lotions
that do not negatively affect the acne. Drops of artiﬁcial tears are provided for ocular dryness
and sunscreens (i.e., oil-free, non-acnegenic base) are used to decreased the risk of photosensitivity.
Isotretinoin-induced, pyogenic granuloma-like lesions may appear and if they are not helped
with use of steroid application, the isotretinoin is stopped. The development of nasal infection with Staphylococcus aureus may be reduced with application of antibiotic ointment (i.e.,
mupirocin 2%) to the nares twice daily; however, if overt infection occurs, active antibiotic treatment as needed is important to deal with what may become a serious infection.
Isotretinoin teratogenicity
It is very important for the patient and clinician to understand that isotretinoin is a major teratogenic drug (Table 14) and is contraindicated in pregnancy; it is classiﬁed with a U.S.
FDA Pregnancy Category X. Taking isotretinoin during pregnancy leads to a 25-fold increase in
teratogenicity that can include mental subnormality in 50% even without external defect eviPlease cite this article as: D.E. Greydanus, R. Azmeh and M.D. Cabral et al., Acne in the ﬁrst three decades of life:
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Table 15
Medications/chemicals that worsen acne.6
Androgenic (anabolic) steroids
Anticonvulsants (barbiturates, diphenylhydantoin)
Anti-tuberculosis medications (isoniazid, rifampin)
Bromides
Glucocorticoids
Iodides
Lithium
Progestins (synthetic)
Seaweed (kelp [large seaweed], others)
Vitamin B 12
Others

dence.6 , 7 , 153 , 154 , 158 Studies noted that isotretinoin affects the fetal dividing cells and not the ova
or spermatozoa.153
The United States Food and Drug Administration (U.S. FDA) outlined the iPLEDGE program in
2005 that sought to emphasize and monitor the teratogenicity of isotretinoin.7 , 16 , 161 Starting in
2006, only clinicians who are oﬃcially listed in the iPLEDGE program can prescribe isotretinoin
and only patients oﬃcially listed in this program can receive this drug with such a high teratogenicity proﬁle. Males taking this drug are also listed even though there is no evidence that
isotretinoin affects spermatozoa with teratogenic effects on the offspring. Persons taking this
drug need to sign a consent form discussing risks as well as beneﬁts before starting the medication.
The program for management of this drug that is recommended by its manufacturer is called
the System to Manage Accutane Related Teratogenicity (S.M.A.R.T.).16 , 161 Females should have a
negative pregnancy test(s) at least 2 weeks prior to starting this medication; also, they should be
taking two types of contraception at the same time at least 30 days before starting isotretinoin
and for at least 30 days following its utilization. If a person is taking this drug, s/he is not
permitted to donate blood while taking it nor for at least 30 days after stopping it.
Links of isotretinoin and depression/suicidality
Anecdotal cases have been noted as well as published reports of depression and even suicide of persons taking isotretinoin, though there is no clear evidence of a link.162-165 The actual
impact of oral isotretinoin on depression and suicidality in acne patients continues to be debated in various research studies.166-168 However, clinicians should understand that depression
can occur in persons with acne and that some persons with depression are at risk for suicide
gestures/completions. Even those with so-called “mild” acne can have depression for various
reasons. Thus, all persons with acne should receive periodic screening for depression and those
with depression should receive management for it as well as be monitored for suicidality.

Management of acne vulgaris comorbid conditions
In managing adolescents and adults with acne vulgaris, attention to co-morbid conditions is
important (Table 1). Clinicians should screen for use of certain medications or drugs that can
worsen acne as noted in Table 15.6 Acne can be seen with conditions having increased androgens that can lead to a severe skin disorder; these include polycystic ovary syndrome (PCOS),
Cushing’s disease, congenital adrenal hyperplasia, Syndrome X and other states of hyperandrogenemia.6 , 7 , 16 Persons with syndrome X have obesity, hypertension, hyperlipidemia, and insulin
resistance.
An initial or early sign of PCOS or adrenal hyperandrogenism can be severe acne vulgaris
and these endocrine disorders should be carefully evaluated as well as managed. Medications
that may be used include low-dose prednisone, oral contraceptives (OCs), anti-androgens (i.e.,
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cimetidine, spironolactone, or cyproterone acetate), and GnRH (gonadotropin-releasing hormone)
agonists. If acne is worsened on these or other drugs (Table 15), consider use of alternative
medications with less acne-inducing or acneiform effects. Conditions that are co-morbid and/or
part of the acne differential diagnosis list are considered later in this discussion (Table 1).

Behavioral aspects of acne management
One aspect of caring for patients with acne disorders that clinicians should always remember
is the mental health or psychosocial consequences that acne may induce including depression;
indeed, depression is a common problem for many human beings and certainly those dealing
with facial acne.165 , 169-171 As adolescents seek to deal with normal aspects of growth that includes acquiring a sense of self-esteem, being different from others because of facial lesions can
lead to various emotions of sadness, shame, anger, guilt, anxiety and other issues of depression
as well as social anxiety.170-177 Various testing can reveal such issues as severity of acne via the
Global Acne Grading System (GAGS) and the quality of life with the Acne Quality of Life Scale
(AQOL).177 There is the Acne Disability Index, the Cardiff Acne Disability Index, and others.177-181
Complicating this picture is that approximately one in four persons in late adolescence may
have some degree of facial scaring that can further threaten one’s sense of self-esteem in a society often obsessed with external beauty.182 , 183 The quality of life can be diminished in those
with acne, especially if severe, long-lasting, involves peer victimization, and some research suggest more negative reactions in the female patient.184 , 185
The young adult in his/her twenties can struggle with acne conditions as well as with the
potential of major psychosocial consequences in this adult that can last a lifetime or even contribute to suicidality. It is very important that the clinician caring for those with such dermatological diseases address potential mental health aspects that may be present.
Even if the child, adolescent or young adult does not raise the issue of depression or anxiety
over the skin condition, it is prudent for the caring clinician to inquire about it. It can be challenging for clinicians to link depression or anxiety to the acne itself and/or other issues in the
patient’s life. Stress, for example, can be triggered by rise in androgens, challenges of school or
work, family dysfunction, infectious disease pandemics (epidemics) and other issues.
Suicidality may arise from various complex factors of which negative feelings about one’s
self-esteem are part of the overall picture of why one is depressed, anxious, and/or even contemplating self-harm. A careful psychological or behavior assessment may reveal various problems
that can include major depressive disorder and various anxiety disorders in addition to less common mental health disorders such as body dysmorphic disorder and acne excoriée.186-191 Mental
health issues may rise to the extent that therapy and/or pharmacotherapy are needed.191-193

Acne excoriée
Acne excoriée identiﬁes the presence of acneiform lesions found on the face and other areas of the body that are due to intentional self-injury of a person on the skin that can initially
be normal or abnormal.194 , 195 A variety of self-injury practices may occur with a differential
diagnosis of factitial dermatoses listed in Table 16.194-202 The person with acne excoriée (acne
excoriée des jeunes ﬁlles Brocq; skin picking disorder) may be seen with many excoriated or
acneiform lesions on various body parts, such as the face, upper arms, forearms, chest and others; also, there may or may not be a history of previous lesions such as acne. There may be a
history of depression, obsessive-compulsive disorder, psychosis and/or other mental health disorders.194 The person with acne excoriée develops an uncontrollable urge for self-mutilation and
thus, management includes mental health approaches for the self-injury and not just providing
dermatologic management per se.195
A typical feature of the person with acne excoriée is the absence of concern or complaints
about the facial or other area lesions in contrast to the typical patient with acne vulgaris who
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Table 16
Differential diagnosis of acne excoriée.194-202
Acne excoriée (skin picking disorder)
Trichotillomania
Dermatitis artefacta
Self-mutilation associated with psychotic features (i.e., hallucinations or delusions)
Neurotic self-mutilation (neurotic excoriation)
Munchhausen syndrome
Onychophagia (nail biting)
Onychotillomania
Others
Table 17
Management of skin scars.13 , 209-211
Anti-acne medications (retinoids, adapalene/benzoyl peroxide)211 Methods of skin resurfacing
a
b
c
d

Chemical peels
Laser treatment
Light therapy
Cryotherapy

Dermal ﬁllersDermatologic surgery
a Dermabrasion
b Subcision (i.e., for depressed scars)
c Punch excision

is quite unpleased with any unsightly appearance.194 , 195 , 201 The person presents with an insouciance about these lesions that typically do not improve nor heal in spite of appropriate dermatological treatment; also, the lesions may not follow customary or known patterns of physiological problems.202 , 203
The person’s self-inﬂicted injury can become habit-ﬁlled with trauma to the skin leading
to varying amounts of skin ulcers (linear and stellate), hypertrophic scars, and other results of
trauma. Some will admit to the self-injury if carefully and persistently asked; also, if the disease
is undiagnosed, the skin lesions may continue for many years and even decades. Those with
mental subnormality may be involved in self-destructive behavior of various types as well.204
Treatment for such behavior initiates with a correct diagnosis or diagnoses as patients
may have combined illnesses as well (Table 16). Clinicians should be suspicious if lesions
that should heal with appropriate management do not heal or improve. Part of the evaluation is a careful medical as well as mental health history along with an assiduous examination including mental health evaluation. Depending on the underlying issues, treatment may
involve dermatological therapy, habit reversal training, psychotherapy, and/or psychopharmacologic agents.192-195 , 197 , 201 , 203 , 205-208 At the appropriate time in association with response to
mental health management, scars may be improved with a variety of therapies as noted in
Table 17.13 , 209-211

Miscellaneous acne treatments
A variety of medications are under research for acne management and these include insulinsensitizing drugs, 5-alpha-reductase type I inhibitors, lipooxygenase inhibitors, oral probiotics,
cortexolone 17 α -propionate (topical nitric oxide-releasing agent to limit antibiotic resistance in
acne treatment), Olumacostat glasaretil, chemical peels, and others.120 , 212-225
For example, research is evaluating the potential anti-acne merits of Olumacostat glasaretil,
a chemical that suppresses sebum production as an acetyl coenzyme A carboxylase inhibitor as
well as resultant decrease in comedones, skin inﬂammation, and Cutibacterium acnes212 , 213
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Cryotherapy (cryospray; cryosurgery) can be effective in treating acne lesions (including acne
scars) and this can involve application of liquid nitrogen with a cotton swab; Coherent AntiStokes Raman Scattering (CARS) microscopy is being utilized to study the sebaceous gland and its
complex role in such disorders as acne.214
Surgery
Those with severe cystic acne vulgaris with thick-walled cysts can be helped with intra-cyst
steroid injection with triamcinolone acetonide as well as with incision and drainage (I & D).
Proper removal (comedo extraction) of acne lesions is important such as a recently noted surgical method to use tweezers to widen hair follicles and allow remove of comedones.215
Scar management
Intralesional steroid injection can be used to treat acne scars while scars can also be improved with a chemical peel, dermabrasion, or collagen injection.13 , 209 , 210 , 214 See Table 17.
Photodynamic therapy (PDT)
PDT (photodynamic therapy) involves killing speciﬁc cells in the pilosebaceous units utilizing
molecular oxygen, a photosensitizer and a light source for management of inﬂammatory acne
vulgaris.216-219 There is no evidence that ultraviolet light (UV) therapy is eﬃcacious for acne
vulgaris; however, there is evidence that it can induce skin aging and possibly melanoma development.66 , 220
Light and laser treatments
Research continues to be limited in establishing beneﬁts in acne for use of light/laser treatments utilizing red light (MAL-PDT) or blue light (ALA-PDT).66 , 220 , 221

Pregnancy and acne
Management of acne in pregnant females is based on limited data; however, it should be kept
in mind that anti-acne medications can be teratogenic, such as oral isotretinoin.6 , 7 , 153 , 154 , 158 , 226
Use of topical agents is the ﬁrst recommendation for management including BPO or azelaic acid;
salicylic acid is also used by some clinicians.226-229 Topical antibiotics (i.e., erythromycin or clindamycin) can be used with BPO if needed for moderate to severe inﬂammatory disease; oral
antibiotics (i.e., erythromycin, cephalexin) can be taken but not over several weeks nor used as
monotherapy.226
Topical retinoids are typically avoided (contraindicated) during pregnancy while various oral antibiotics are avoided as well: tetracyclines, ﬂuoroquinolones, and trimethoprim/sulfamethoxazole (co-trimoxazole).75 , 227 As noted previously, tretinoin and adapalene have
a U.S. FDA pregnancy category of C versus X for tazarotene.75 Oral prednisolone can be taken
after the ﬁrst trimester for severe nodular cystic (fulminant) acne.226 Some use blue-violet/red
light phototherapy or laser therapy as well.227 , 228

Acne rosacea
“A Somnour was ther with us in that place
That hadde a fyr-reed cherubinnes face….
Of his visage children were aferd.”
In this Middle English classic story of satire, Prologue to the Canterbury Tales (1392), the
esteemed English writer, Geoffrey Chaucer (1345–1400), provides a classic description of acne
rosacea found in Semnour, one of the protagonists in this classic tale. Acne rosacea (Latin:
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Table 18
Features of acne rosacea (facial features).
Central facial erythema and ﬂushing
Dilated blood vessels that are visible (telangiectasias)
Burning facial pain
Facial papules and pustules
Facial skin ﬁbrosis
Ocular involvement (30–50%)
Rhinophyma
Others

rosaceus means “rose-colored”) is a chronic, inﬂammatory skin disorder known for its classic
red face over the past centuries.230-232 The red face has been used by writers over the past to
convey negative traits to those who have acne rosacea.232
Table 18 provides a list of acne rosacea features that has been identiﬁed in the 20th and 21st
centuries as a dermatological disorder that is separate from acne vulgaris and typically noted in
adults 30 to 50 years of age.6 , 233 The central facial redness can be transient or persistent while
the dilated blood vessels represent telangiectasias and couperosis. Use of the term, “rosacea,”
refers to the facial telangiectasia of acne rosacea with or without the facial erythema.6
The skin of the nose can be thickened and the enlargement (Greek: phyma–bulb, swelling,
mass) of the nose is called rhinophyma (bulbous nose, phymatous rosacea). The classic bulbous
nose of rosacea is enlarged and red with a bulb-shape; its precise cause is unknown and, though
linked in error over the centuries with drinking too much alcohol, is currently identiﬁed as a
rare aspect of severe acne rosacea. The many oil glands of the nose can be stimulated with
development of a waxy or yellow countenance or mien; also, rhinophyma malignancy may occur.
Classically acne rosacea can affect up to 20% of the adult population to some extent, typically starting around age 30.6 , 233 Acne rosacea can occur in younger populations, such as ocular
rosacea diagnosed in children as young as 1 year of age. Risks for the development of acne
rosacea increase with a positive family history and having the “Celtic” skin type (i.e., very light
skin).6 , 233 Risks factors for acne rosacea, though often noted, do not include consumption of
coffee or alcohol.233
The National Rosacea Society’s Expert Committee on the Classiﬁcation and Staging of Rosacea
lists four basic types of acne rosacea: erythemato-telangiectatic, papulopustular, phymatous, and
ocular.234-236 As research on rosacea continues, additional variants are described that include
granulomatous or lupoid types; these may be overlapping syndromes and/or be different stages
of rosacea.236

Immune mechanisms of rosacea
Molecular biologic research suggests an etiologic insight into rosacea associations with inﬂammatory and vascular factors because of immune dysfunction.236 It is thought that dysfunction in the innate immune system and an exaggerated inﬂammatory response to skin ﬂora may
underlie much of the pathogenesis of rosacea. In initial rosacea, there appears to be dysregulation of mediators and receptors that are important players in neuroimmune and neurovascular
communication features; abnormal release of important neuromediators may induce a neurogenic inﬂammatory condition and sensory nerve disease with links to the sympathetic nervous
system.
Some research leads to acne rosacea being identiﬁed as a dysfunction of cathelicidins and
skin innate immunity.235-237 Increased levels of polypeptides called cathelicidins are found in
these persons as well2 increased levels of SCTEs or stratum corneum tryptic enzymes; SCTEs are

2
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a key aspect of the human skin desquamation process that allows the production of corneocytes
as well as their shedding from the skin.
Some of the affected aspects of the innate immune system are the toll-like receptors (TLRs)
and the nod-like receptors (NLRs). Normally, when these receptors are stimulated by a pathogen,
there is an increase in antimicrobial peptides such as cathelicidins. In patients with rosacea,
cathelicidin levels have been found to be abnormally high, in addition to being of a slightly different form than that found in patients without rosacea; those from rosacea patients stimulated
release of IL-8 from keratinocytes.237
Due to the vasoactive and proinﬂammatory functions of this peptide, increased levels can
help stimulate some of the characteristic features of rosacea such as telangiectasia and inﬂammatory nodules.238 These increased cathelicidin levels may be partially induced by altered TLR2
expression in the skin of patients with rosacea, making it more susceptible to stimulation by
both microbes on the skin but also insults such as ultraviolet (UV)-induced tissue damage.238
Cathelicidin can induce vasodilation as well as hypervascularity in mouse and rabbit models.237 , 238 UV-irradiated skin has increased expression of myeloid differentiation factor 88
(MyD88), which is an adaptor molecule for TLR signaling. Depending on the form of MyD88
expressed in a patient, this can lead to increased or decreased levels of the proinﬂammatory
cytokine IL6 and matrix metalloproteinase 1, which are involved in the inﬂammatory skin response.238
Additionally, it is thought that Demodex folliculorum, a mite found in pilosebaceous units, may
play a role as a trigger of rosacea inﬂammation.238 They are found in greater concentration on
the skin of patients with rosacea than without rosacea.239 This species of the face mite (Demodex
folliculorum) increases in the early adolescent years in association with sebaceous gland growth;
indeed, this face mite is found in augmented concentrations in the facial center and utilizes
sebaceous secretions as well as the dead cells as their nutrition or food.
The exact nature of the role of this mite is uncertain, however, in rosacea. A bacterium isolated from D. folliculorum, Bacillus oleronius, may provide a link between the Demodex mite and
the immune system; indeed, an in vitro study showed a much larger percentage of mononuclear cells from rosacea patients reacting to B. oleronius antigens than did the mononuclear cells
from healthy controls.240 There is less robust evidence for a potential role of Helicobacter pylori, Staphylococcus epidermidis, Chlamydia pneumoniae, and other bacteria in the pathogenesis of
rosacea through interactions with the innate immune system.241-244

Rosacea pathophysiology: ﬁnal comments
Though still debated, current research links this skin condition with a number of factors that
include genetic, vascular, inﬂammatory, environmental, and/or microbial features. The infectious
links include Helicobacter pylori and, as noted, Demodex folliculorum; the growth and colonization
of microbes such as Demodex folliculorum that can result in the inﬂammation that is part of the
rosacea pathology with papules, pustules and granulomas.241-247 As already identiﬁed, in some
persons with a light skin (phototype), there is sensitivity to a number of climate changes with
those having rosacea.6 , 233 , 245
Others with acne rosacea have genetic factors that are involved with regard to primary vascular conditions (anomalies) that can be affected by a number of issues that include skin ﬂora,
climate changes and/or UV ray exposure. An important stimulating factor for some is exposure
to reactive oxygen species—i.e., superoxide and hydroxyl radicals, hydrogen peroxide, and singlet
oxygen.
Another aspect in helping one gain knowledge and understanding of acne rosacea is research
on the connections between the immune, nervous, and cutaneous vascular systems in human
beings.247 , 248 Some persons with acne rosacea develop skin ﬁbrosis and this link denotes an important association between chronic inﬂammatory mechanisms and the presence of skin ﬁbrosis.
Another key factor is TGF-β 1 (transforming growth factor β 1) that is a protein controlling such
key functions as differentiation and proliferation issues in cells as well as other cellular funcPlease cite this article as: D.E. Greydanus, R. Azmeh and M.D. Cabral et al., Acne in the ﬁrst three decades of life:
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Table 19
a
Management options for acne rosacea.250
Avoid/reduce exposure to triggers (see text)Soothing vehicles or formulations: cleansers, moisturizers, and facial
foundation productsAntibiotics (doxycycline, topical metronidazole)Azelaic acid (15% gel; antibacterial)Sodium
sulfacetamide 10%-sulfur 5% (emollient foam)Pimecrolimus creamBrimonidine tartrate gel (0.5%)Second line agents
a
b
c
d

Clindamycin
Benzoyl peroxide
Permethrin
Calcineurin inhibitors

Oral isotretinoin (phymatous rosacea)Light-based therapies (i.e., pulsed dye laser and intense pulsed light)Laser
surgery or dermabrasion (rotating brush): rhinophymaOthers
a

DEG: I am not sure how this Table 19 will look!

tions.247 , 248 Vascular defects noted in rhinophyma can lead to local skin TGF-β 1 development
and resultant skin thickening as well as skin ﬁbrosis.
Studies on those with acne rosacea also lead to iatrosacea or steroid-induced rosacea in
which persons taking facial steroids over a period of time can develop such features as facial erythema, telangiectasia, photosensitivity, hyperpigmentation and xerosis; this is particularly seen
with chronic use of class II potency steroids on the face.249 The cause of steroid-induced rosacea
is linked to steroid-induced rebound vasodilatation along with release of pro-inﬂammatory cytokines.249

Management of acne rosacea
Management seeks to reduce the overt features of acne rosacea that includes decreasing the
skin redness (erythema), overt lesions (i.e., papules, pustules), and physical discomfort.250 , 251
Elimination or reduction of known triggers is important such as protecting this person from
sunlight’s harmful effects. Other triggers to control for some persons that work via cytokine
and chemokine networks include heat, cold, spicy foods, UV radiation exposure, microbes, and
stress.6 Management is based on understanding the type of rosacea the person has and applying
an individual approach. For example, steroid-induced rosacea involves stopping the offending
topical steroid (s) and use of topical tacrolimus as well as oral antibiotics (Table 19).249 , 252
Evidence-based research studies note that acne rosacea may be improved with the utilization of doxycycline (40 mg) and topical azelaic acid (15% gel) as well as topical metronidazole.230 , 231 , 234 Research relates improvement of ocular rosacea with use of cyclosporine (0.5%
ophthalmic emulsion) and 40 mg doxycycline (slow release form).250 A synergistic effect has
been reported with the combination of azelaic acid as well as topical metronidazole with doxycycline.251 The positive beneﬁt of azelaic acid and doxycycline has been linked, in part to the
power of these medications to downregulate antimicrobial and proinﬂammatory cathelicidins.251
Another treatment approach for acne rosacea is use of 10% sodium sulfacetamide-5% sulfur (emollient foam). Second-line medications for acne rosacea include BPO, permethrin, clindamycin and calcineurin inhibitors (Table 19). An immunomodulating agent, pimecrolimus, is
used as a topical 1% cream to improve rosacea and it is a known agent for atopic dermatitis.252
Brimonidine tartrate gel (0.5%) is an α -2-adrenergic agonist with vasoconstrictor action that may
help with acne rosacea.253
Helping to lower skin irritation is important and may occur using an appropriate soothing
formulation that involves ﬁnding the right cleansers, moisturizers and facial foundation products.254 , 255 Improving the overall skin discomfort and use of decongestant ingredients along
with makeup to reduce skin redness can improve overall medication compliance.256
Those with phymatous rosacea and other forms of acne rosacea that prove resistant to other
management may improve with oral isotretinoin.257 Light-based therapies (i.e., pulsed dye laser
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and intense pulsed light) can be utilized for management of erythematous or red skin and
telangiectasia—the hallmark and very disturbing feature of this skin condition.234 , 258
Laser surgery or dermabrasion (rotating brush) is used with anti-acne medications to help
with the disturbing nasal appearance of rhinophyma.259 Surgery may also be needed because of
cosmetic concerns in addition to potential airway obstruction and/or eating diﬃculties.259

Acne variants
Table 1 lists a variety of acne variants that are part of the differential diagnosis as well as
co-morbid conditions to acne vulgaris. These conditions are now considered.

Acne neonatorum
The skin microbiome becomes more complex and diverse as the newborn era gives way to
the infantile era and beyond into childhood, adolescence and adulthood; as this system matures, the immune system also changes in complex patterns intertwined with cutaneous microbes.260 , 261 This changing young skin barrier and its dermal microbiomes become involved in
diverse dermatological disorders in the newborn, infant, child, adolescent, and adult.260-262
Neonatal acne (acne neonatorum) can be seen in the ﬁrst four weeks after birth and can be
induced by neonatal as well as maternal androgens with resultant increased sebum secretion
from sebaceous glands which are typically sensitive to androgen stimulation.34 , 262-268 Neonatal
acne is more common in males versus females by a 5:1 ratio in which neonatal androgens come
from the adrenal glands as well as testes in males and adrenal glands in females.34 , 262 Acne
neonatorum can be observed to some extent in as many 1 in 5 newborns and has been linked
by some experts as an inﬂammatory reaction to Malassezia furfur, a saprophytic yeast that can
be part of the skin microbiome.269
In neonatal acne, there can be whiteheads, blackheads and even inﬂammatory papules as
well as pustules typically on the forehead and malar regions (cheeks). Usually the course is
mild with resolution over 4–12 weeks without treatment and no scarring; it does not typically
suggest later increased risks for adolescent acne vulgaris.13 , 262 , 268 However, some literature suggests there is a link with a positive family history for acne vulgaris.266 In one series of 22 newborns, the mean age of onset was 3 weeks and the mean duration of the acne neonatorum was
4 months.267 In cases of severe acne neonatorum and/or acne recalcitrant to intervention, evaluation for hyperandrogenism is needed that may also be familial in nature.267 , 268
There can be many causes of skin rashes and disorders in the newborn era and thus, consultation with experts in dermatology is suggested for complex and/or recalcitrant cases.262 However, the basic differential diagnosis of acne neonatorum includes erythema toxicum neonatorum
(ETN; toxic erythema of the newborn), neonatal cephalic pustulosis (NCP), folliculitis, and transient neonatal pustular melanosis (TNPM).262 , 270-272 Though some of these conditions can be
suspected and/or diagnosed clinically from their appearances, a careful evaluation is needed.270
Erythema toxicum neonatorum (ETN) is a typically transient condition (i.e., spontaneous disappearance in a week—hours to several days) that is seen as red (erythematous) lesions (macules,
papules, pustules) on the body (i.e., face, trunk, extremities).271 ETN represents an immune response in the young skin as normal bacterial ﬂora are being established. It was ﬁrst described
by the 15th century German physician, Bartholomäus Metlinger, in 1472 and named by Austrian pediatrician Karl Leiner in 1912.272 , 273 A Tzanck smear of lesions reveals eosinophils and
no treatment per se is needed except providing reassurance to the newborn’s family.272
Neonatal cephalic pustulosis (NCP) is considered as an acne variant due to sebaceous glands
being stimulated by maternal/infant androgens and hypersensitivity to Malassezia furfur has been
identiﬁed as a possible cause for NCP.262 , 271 , 272 Tiny papules and vesicles on an erythematous
base can be seen on the forehead and cheeks; comedones are not present.262
Please cite this article as: D.E. Greydanus, R. Azmeh and M.D. Cabral et al., Acne in the ﬁrst three decades of life:
An update of a disorder with profound implications for all decades of life, Disease-a-Month, https://doi.org/10.1016/j.
disamonth.2020.101103

JID: YMDA

ARTICLE IN PRESS

[mUS1Ga;October 8, 2020;22:58]

D.E. Greydanus, R. Azmeh and M.D. Cabral et al. / Disease-a-Month xxx (xxxx) xxx

29

Table 20
Causes of neonatal/infantile pustular skin disorders (partial list).274 , 275
1. Neonatal cephalic pustulosis (NCP)
2. Transient neonatal pustular melanosis
3. Congenital cutaneous candidiasis
4. Bacterial infections
a. Local Staphylococcus aureus infection
b. Listeria monocytogenes with septicemia
c. Others
5. Viral infections
a. Herpes simplex
b. Varicella-zoster
c. Cytomegalovirus
d. Other viral infections
6. Scabies
7. Others

Though typically transient with spontaneous resolution, diﬃcult or severe situations are
managed with topical ketoconazole.271 , 272 Some experts suggest use of topical 2% erythromycin
or 2.5% benzoyl peroxide if needed.272
The lesions of transient neonatal pustular melanosis (TNPM) appear as vesicular or pustular
that have peripheral redness (erythema) that then develop into hyperpigmented macules because of rupture.262 , 271 , 272 TNPM lesions may appear widespread on the body including palms
and soles while Tzanck smear of lesions reveals neutrophils and occasional eosinophils. Spontaneous resolution is typical of this condition.
There are many other causes for neonatal/infantile pustular skin disorders (Table 20).274 , 275
A Tzanck smear of lesions can note multinucleated giant cells (i.e., herpetic infection) or
eosinophils/neutrophils suggesting noninfectious etiology.272 , 275 A positive Gram’s stain can suggest bacterial infection while a positive potassium hydroxide (KOH) preparation (i.e. budding
yeast cells, pseudohyphae) points to fungal etiology for the rash.275

Infantile acne
Infantile acne typically presents between 3 and 6 months after birth with a range of 3 to 16
months, though various cases can initiate later and last longer; some overlap with acne neonatorum and childhood acne can be seen in this condition that is more common in males. It has
a variable course over 1 to 4 years, severe acne can develop with scarring, and there is an increased risk for acne later in the adolescent years as well as positive history for acne in the
family.13 , 276 , 277 The infant can develop comedones, papules, pustules, nodules and as noted, scarring.269 , 277
Various factors can inﬂuence infantile acne that include chromosomal abnormalities, various
human leukocyte antigen (HLA) phenotypes, mucin 1 (MUC1) gene, and polymorphism of the
human cytochrome P-450 1A1.34 The MUC1 gene provides instructions to develop the protein
called mucin 1 that is involved in mucus production for various tissues in the human body.
In severe and/or prolonged infantile acne, look for virilization and evidence of excess androgen
effects as well as for other infantile skin disorders (i.e., pustular, vesicular, comedonal, inﬂammatory, others).270-272 , 274 , 275 , 278-280 Severe acne can be observed with early onset of comedones
and high levels of dehydroepiandrosterone sulfate (DHEA sulfate; DHEA-S).276
Management of infantile acne includes 0.025–0.05% tretinoin cream for comedonal acne; inﬂammatory acne may be treated with topical erythromycin, clindamycin and/or BPO.269 , 276 , 281
If severe acne occurs with nodules/cysts, use of oral antibiotics and/or oral isotretinoin can be
used at a dosage of 0.2 mg/kg/day to 1.5 mg/kg/day for several months with careful evaluation
for potential adverse effects and antibiotic resistance.269 , 277 , 281-288 Early anti-acne management
is recommended to minimize scarring.276
Please cite this article as: D.E. Greydanus, R. Azmeh and M.D. Cabral et al., Acne in the ﬁrst three decades of life:
An update of a disorder with profound implications for all decades of life, Disease-a-Month, https://doi.org/10.1016/j.
disamonth.2020.101103

JID: YMDA

30

ARTICLE IN PRESS

[mUS1Ga;October 8, 2020;22:58]

D.E. Greydanus, R. Azmeh and M.D. Cabral et al. / Disease-a-Month xxx (xxxx) xxx

Acne conglobata
There are a number of rare or less common acne disorders that are often diﬃcult to manage
and can be associated with various other disorders in sometimes complex as well as confusing
patterns.289 Some of these acne, acne-like, and acnegenic conditions are considered now and
consultation with dermatology as well as other appropriate experts is suggested for complex
and/or resistant-to-treatment conditions.
Acne conglobata (Latin: conglobate: to form into a ball or globe) is a classic example of these
arduous, even ambiguous, acneiform conditions; it presents as a chronic, severe nodulocystic
acne with deep, interconecting abscesses and cysts containing purulent contents that drain onto
the skin.290-292 Acne conglobata results in considerable scarring potentially leading to much psychologial sequelae and clinicians can learn much from those with this disorder that also write
about it—as poignantly presented in the autobiography of the acclaimed German-American poet,
Charles Bukowski (1920–1994).293
Acne conglobata can present at any age from infancy to adulthood, though it is more commonly seen in adults.283 , 290 The lesions—comedones typically in groups of three, cysts, nodules,
abscesses—may arise quickly after the patient’s acne worsens or may slowly emerge in a peron
whose acne was stagnant for some time.290 It can have a broad distribution of lesions found
on the face, scalp, chest, extremities (upper arms, shoulders, thighs), axillae, buttocks and/or
groin.290-292
The cause of acne conglobata is not clear but research is developing increasing data in this
regard. It is listed as part of the follicular occlusion triad that includes acne conglobata, hidradenitis suppurativa and dissecting cellulitis of the scalp; some add pilonidal sinus to this group and
call it a tetrad.294-296 They have a pathological feature in common identiﬁed as being disorders
that involve follicular occlusion in body areas with apocrine glands.294-296 These conditions are
usually found as one disorder (i.e., acne conglobata or hidradenitis suppurativa singly), but can
occur in various combinations with other conditions.294-296
Hidradenitis suppurativa and dissecting cellulitis of the scalp are considered later in this section.
Some research notes that having certain single nucleotide polymorphisms (SNPs) of the tolllike receptor-4 (TLR4) gene can provide protection against the development of acne conglobata.297 However, mutations in the in γ -secretase proteins may be part of the etiology of acne
conglobata and hidradenitis suppurativa as noted in genetic research.292 A familial pattern of
this complex disorder has been reported that includes the development of carcinoma (i.e., squamous cell carcinoma) arising in members of aﬄicted families.298
The impact of exposure to certain chemicals can be seen in reports of persons abusing
anabolic-androgenic steroids developing acne conglobata.283 , 299 Acne conglobata has been reported to be induced by the tumor necrosis factor (TNF) alfa inhibitor, adalimumab, in addition
to reports that adalimumab can be used to treat acne conglobata as well.300 , 301 It has also been
reported in a person with trisomy 13 who, in addition, had selective IgM deﬁciency.302
A musculoskeletal syndrome has been described in acne conglobata that mainly involves
black males over age 22 years who have sacroiliitis with or without peripheral arthropathy.303
This is in constrast to an isotretinoin-associated musculoskeletal syndrome that presents with
arthralgias and myalgias that are usually mild as well as transient—not inducing withdrawal of
the isotretinoin if its use is beneﬁcial.303 Persons on isotretinoin can also develop small spinal
lesions that are seen as hyperostotic areas but are usually asymptomatic.303 Another musculoskeletal syndrome is described in some persons with acne fulminans that is identiﬁed later in
the section on acne fulminans.303 Other features of acne conglobata are described such as an
association with necrotizing scleritis.304
A more established association is that of acne conglobata with pyoderma gangrenosum—
an immune dermatosis in which painful pustules or nodules develop into painful ulcers, typically on the lower extremities.289 , 305 Pyoderma grangrenosum has been treated with isotretinoin
though the use of isotretinoin has also been reported to induce pyoderma grangrenosum
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Table 21
Management options for acne conglobata.
Antibiotics (oral, topical) plus topical retinoid and/or benzoyl peroxide
Isotretinoin (usually treatment of choice if tolerated)
Dapsone
Adalimumab
Oral contraception (Low androgenic progestin types)
Photodynamic therapy (PDT)
Fluorescent light energy
Fractional carbon dioxide (CO2 ) laser combined with topical tretinoin
Surgery

as well.305 , 306 Other management options for pyoderma grangrenosum—see later discussion—
include systemic corticosteroids, dapsone, methotrexate and/or cyclophosphamide.306 , 307

Management of acne conglobata
A variety of therapeutic possibilities are available for acne conglobata though it often remains a chronic, disﬁguring disorder that may not fare well with available management options;
see Table 21.290 , 300 , 308-317 Various measures can be utilized to see which ones help and how
much they help the affected person. Isotretinoin is usually the treatment of choice and selective
surgery to excise lesions is performed as well.315-317
Clinicians should be very careful with the potential and observed side effects of the medications utilized as well as management of the potential disease/syndromes found with acne
conglobata. As noted previously, many potential adverse effects may occur with isotretinoin
including teratogenicity, gastrointestinal side effects, depression, and others (Tables 13 and
14).290 , 309 , 318 Some research concludes that use of isotretinoin for acne conglobata may lead
to development or inducement of hidradenitis suppurativa in some cases.318
Surgery can be very beneﬁcial in removing scars and areas of disﬁgurement with local or radical surgical excision that can involve various techniques of plastic surgery.315-317 Dealing with
the emotional consequences is important as well. Management of a pregnant person with acne
conglobata must keep in mind the teratogenic potential of isotretinoin; use such options as topical anti-acne agents (i.e., BPO), oral metronidazole and even low-dose prednisone.319 See the
previous section on acne vulgaris and pregnancy.226-229

SAPHO syndrome
The SAPHO syndrome refers to a group of diseases involving musculoskeletal and dermatological features: Synovitis, Acne, Pustulosis, Hyperostosis and Osteitis.289 , 320-328
The SAPHO syndrome was identiﬁed in 1987 and understanding of its pathogenesis continues
to emerge based in infectious, immunologic and genetic etiologies.320 , 321 , 324 The dermatologic
disorders in this collection of disorders are characteristically acne conglobata, acne fulminans or
hidradenitis suppurativa.289 , 320 , 321 , 323 , 326 , 327 There is also pustulosis that is typically palmoplantar.324
Theories of pathogenesis involve Cutibacterium acnes and abnormalities of IL-1 (a group of cytokines involved in regulation of immunologic and inﬂammatory reactions).322 , 325 Research has
shown that various auto-inﬂammatory osseous conditions have excess IL-1β that can look like
the SAPHO syndrome and Cutibacterium acnes may trigger release of IL-1β from skin cells; such
release along with other factors may lead to osteitis.328 In the SAPHO syndrome there may also
be abnormality of the transcription factor FOX01 (Forkhead box protein 01) in sebaceous cells
that occurs in acne as well.328 A potential link between the presence of Cutibacterium acnes and
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Table 22
Features of acne fulminans.
Ulcerative and hemorrhagic skin lesions (face, trunk, chest, extremities)
Polyarthritis (polyarthralgia); osteolytic bone changes/lesions
Sacroiliitis
Fever (can be high)
Weight loss
Hepatomegaly
Leukocytosis and increased erythrocyte sedimentation rate
Increased transaminases
SAPHO syndrome (see text)
CNO/CRMO (see text)
Potential hospitalization
Others: See text

the SAPHO syndrome is that a genetically-based dysfunction of clearing this bacterium may induce various cells (i.e., skin cells, bone cells, phagocytes) to over-produce IL-1β and this cytokine
is a key player in the development of various chronic inﬂammatory osseous conditions.325
The SAPHO syndrome may develop at any age and involve any skeletal site but classically hyperostosis is seen in the anterior chest wall (sternum, clavicles, sternocosto-clavicular
joints).320 , 323 , 324 Other skeletal sites often involved are the sacroiliac joints and the vertebrae.324
Peripheral and ﬂat bone disease can be noted as well, particular in children.324 The SAPHO syndrome is usually seen in adults while another auto-inﬂammatory condition of bone and joints,
CRMO (chronic recurrent multifocal osteomyelitis) or CNO (chronic nonbacterial osteomyelitis),
are usually found in children; CRMO is the most severe form of CNO.321 , 325 The imaging ﬁndings
of these musculoskeletal conditions are variable depending on diverse factors that include the
age of the osseous lesions, their stage, and what speciﬁc imaging technology is utilized.326
The diagnosis of the SAPHO syndrome may be delayed leading to considerable pain, disﬁgurement, disability and depression.324 , 327 The diﬃculty in the full diagnosis develops as various aspects of this syndrome may emerge over many years and not all features may occur.324 Management of the musculoskeletal features involves non-steroidal anti-inﬂammatory drugs (NSAIDs—
typically not beneﬁcial), corticosteroids, bisphosphonates, tumor necrosis factor-alfa (alpha) antagonists and biologic disease-modifying antirheumatic drugs (DMARDs).320 , 323 , 324 , 329-332 An appropriate diagnosis with aggressive management can considerably improve this person’s overall
prognosis.324

Acne fulminans (acute febrile ulcerative conglobate acne; acne maligna)
Over the course of the 20th century a severe form of acute, inﬂammatory acne was described
with fever, ulcers and polyarthritis (bone lesions; arthralgia) that was called acute febrile ulcerative conglobate acne, acne maligna (Latin: maligna: malicious; with evil intent), and acne
fulminans (Latin: fulminans: fulminant—-occur suddenly with great severity).333-342 Variable features can be seen in this aggressive form of skin disease that tends to occur in male adolescents
(Table 22).343
Confusion with acne conglobata is common but polyporous comedones and cysts (noninﬂammatory) are noted with acne conglobata and not with acne fulminans; an ulcerative as
well as hemorrhagic acne (ulceronecrotic—necrotizing acne pustules/nodules) is described with
acne fulminans with or without fever and bone lesions.290 , 338 , 339 The dermatological lesions are
seen on the face, trunk, extremities and back that can lead to considerable scarring and disﬁgurement. Laboratory ﬁndings can include leukocytosis, increased erythrocyte sedimentation rate
(ESR) and increased transaminases.340-343 Biopsies reveal neutrophils in the skin (epidermis and
dermis) especially involving hair follicles.343 , 344
Musculoskeletal features are noted with acne fulminans that include fever, weight loss,
arthralgias, polyarthralgias, as well as osteolytic lesions in the clavicle, sternum, ilium, and long
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bones (epiphyseal growth plates).303 , 345 The bone lesions tend not to be serious and chronic
effects are reported as hyperostosis and sclerosis (mild).345 Acne fulminans can also be part of
the SAPHO syndrome in which a bone scan (99 m Tc-methylene diphosphonate bone scintigraphy) can reveal the “bull’s head sign” with heightened uptake in the sternocostoclavicular
joints.331 , 346 , 347 As noted, the acne of the SAPHO syndrome can also be seen with acute conglobata or hidradenitis suppurativa.289 , 320 , 321 , 323 , 326 , 327 Also, acne fulminans can be found in pediatric persons (primarily white males) with chronic non-bacterial osteomyelitis (CNO) or chronic
recurrent multifocal osteomyelitis (CRMO).321 , 325 , 342 , 348

Etiology
The etiology and pathogenesis of acne fulminans remain under study and current research focuses on various factors that precipitate this destructive acne along with autoimmune complex
dysfunction and genetic underpinnings.340 Familial acne fulminans has been reported in which
two siblings from the same family had acne fulminans and identical HLA phenotypes.349 Use
of anabolic steroids and testosterone can trigger acne fulminans in some persons; acne vulgaris
and acne conglobata can also be triggered by such steroid usage.299 , 341 , 342 Excess androgen exposure can lead to acne conditions and acne fulminans has been seen in a male with late-onset
congenital adrenal hyperplasia.350 Various drug triggers may be found such as a reported case
of acne fulminans in a person taking the antibiotic lymecycline.351
Another known trigger to acne fulminans is use of a drug used to treat it but that may induce this destructive acne in some persons–isotretinoin; careful use of this chemical is very
important-its initiation, build-up, maintenance and withdrawal.341 , 342 , 352-360 Some researchers
call an induction of acne fulminans with isotretinoin involvement as “pseudo-acne fulminans” (or
" acne fulminans sine fulminans") if there is evidence of acne fulminans lesions (i.e., nodularulcerative acne) without systemic features.360 , 361
The use of isotretinoin too early in the treatment of acne may lead to pseudo-acne fulminans by various proposed mechanisms: hypersensitivity reaction to antigens of Cutibacterium
acnes, thinning of the follicular wall with rupture after the patient starts taking isotretinoin, and
other factors.361 Some experts suggest starting low doses of isotretinoin several weeks after the
steroids are used and after the dermal inﬂammation has improved.361 Prescription of these medications by those experienced and expert in such diﬃcult dermatological dilemmas is a key part
in successfully managing this potentially destructive dermatologic disease (see the next section).
The nature of the autoimmune aspects of acne fulminans, as with acne vulgaris and other
acnes, remains under research and studies seek to ascertain if acne fulminans is a primary
autoimmune disorder and/or a disorder stimulated by various triggers in genetically susceptible persons.337 No speciﬁc phylotype (s) from Cutibacterium acnes has been found in acne
fulminans, though research continues in this arena to determine factors behind this microbe becoming an opportunistic pathogen as well as issues with antibiotic resistance in acne
disorders.339 , 362

Acne fulminans treatment
Management of acne fulminans, as experienced with other severe acnes as well as acne variant disorders, is diﬃcult and complex; early diagnosis with aggressive management and consultation with experts is essential to seek prevention of severe emotional as well as physical
complications.310 , 337 , 338 , 341 , 342 , 363-366 Acne fulminans does not usually respond to antibiotics or
commonly used topical acne medications (Table 2). A typical approach is to start with oral corticosteroids (i.e., prednisolone at 30 mg per day) for two to four weeks and add isotretinoin as
skin lesions are healing; the corticosteroids may be gradually tapered and isotretinoin continued
for several weeks to months as needed.338 , 340 , 342 , 364
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It is best to consult with dermatologists regarding these medications and the dosages to use;
one team suggests prednisolone 30 mg/day (given as 10 mg three times a day) and isotretinoin
at 0.5 mg/kg/day (given as 0.25 mg/kg twice a day).364 Others recommend only using prednisone
with initial doses that range from 40 mg/day to 60 mg/ day; antimicrobial medication is typically
utilized with corticosteroids.365-368 Observe carefully for adverse effects to these medications
including the teratogenicity of isotretinoin (Tables 13 and 14). Taking medications for at least
3–5 months may lower the incidence of relapse.340 Scarring is a frequent complication of this
disorder.340 , 363 , 364
Other medications used for this destructive, inﬂammatory disorder called acne fulminins include diaminodiphenyl sulfone (DDS; dapsone) especially if the patient also has ulcerative colitis.338 , 344 , 357 , 358 , 368 Various other medications are being used such as biotherapy or biologic
drugs that include inﬂiximab, secukinumab, adalimumab and etanercept (tumor necrosis factor
blocker).331 , 338 , 339 , 369 Targeted antibiotherapy was utilized in a patient with both chronic acne
fulminans and severe hidradenitis suppurative.367
The use of promising protocols with combined therapies—such as biotherapies (i.e., ant-IL17), targeted antibiotherapy and preventive plans—continues to be under research that involve
studies on Cutibacterium acnes bioﬁlms.339 , 362 , 368 Experts in dermatological diseases are also
evaluating other treatments for acne fulminans such as cyclosporine (with steroids), pulsed dye
laser (though hypopigmentation and scarring may occur) and 5-aminolevulinic acid photodynamic therapy (with isotretinoin).338 , 370

Rosacea fulminans (pyoderma faciale)
In 1940, PA O’Leary and RR Kierland (Mayo Clinic, Rochester, Minnesota, USA), published their
observations of a unique type of acne found in females in their twenties described as an “unusual pyodermic process localized on the face;” they found 13 cases of what they called pyoderma faciale out of 1600 cases of acne in females.371 In 1992, dermatological experts (G Plewig,
T Jansen, AM Kligman) published their review of this condition along with 20 other cases; they
concluded that pyoderma faciale is “an extreme form of rosacea” and advised calling it rosacea
fulminans “in analogy with its counterpart, acne fulminans.372 ”
Characteristics of this inﬂammatory condition (called pyoderma faciale at ﬁrst and later
rosacea fulminans) included mainly being found in females initiating past the teenage years (i.e.,
19 to 40 years of age), rapid as well as progressive involvement of the face (cheeks, chin, nose)
with non-comedonal-like acne lesions (i.e., erythematous or red-cyanotic papules, pustules [purulent drainage, draining sinuses], nodules) that may coalesce into large areas with or without
eventual scaring.371-377 It may be seen in children or males in unusual situations; also, extrafacial features and systemic symptomatology are rare, atypical aspects of this dermatological
disorder.374 , 376 , 378 , 379
Precipitants or triggers include hormonal alterations, emotional effects, immunological factors, medications and others.376 , 380 , 381 It has been observed after application of topical metronidazole.380 Also proposed as a trigger is cytokine-induced inﬂammation that is set off by sebocytes in the skin.374 Another proposed mechanism for this condition in some persons links
it as a form of demodicosis (demodectic mange, red mange) due to sensitivity to the skin
mite, Demodex spp. (i.e., Demodex folliculorum, Demodex brevis), with normal population or overpopulation that is proposed as an etiology for rosacea also.382 , 383
A careful evaluation is necessary to make the correct diagnosis of rosacea fulminans; this includes a helpful history and examination with the aid of dermatohistology and dermatopathology.372 , 374 , 376 , 379 , 384 The differential diagnosis includes facial Sweet’s syndrome, also called acute
febrile neutrophilic dermatosis, and acne fulminans.377 , 385 Rosacea fulminans has also been comorbid with other conditions such as the rare ﬁnding of this dermatological disorder with inﬂammatory bowel disease.374 , 386 , 387
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Management
Treatment for rosacea fulminans, viewed as a variant of rosacea, should be early in the
course of the disease to minimize scarring.388 Management plans for this potentially devastating disorder generally center on corticosteroids (oral, topical) followed by isotretinoin for
several weeks.372 , 374-379 , 389 , 390 Isotretinoin has anti-inﬂammatory and anti-seborrheic effects.374
Some antibiotics can have anti-inﬂammatory effects and taken alone or in combination with the
corticosteroid-isotretinoin protocols, though antibiotic monotherapy is not as effective in rapid
clearing of the skin lesions.374 , 376
Various antibiotics have been used that include doxycycline, tetracycline, azithromycin,
metronidazole (topical, oral), erythromycin (topical, oral), amoxicillin-clavulanic acid, trimethoprim, and fusidic acid cream.374 , 379 , 381 , 382 , 391-393 In resistant cases, dapsone has provided efﬁcacy in some reports.374 In some protocols, other options for treatment include topical ivermectin, photodynamic therapy and pulsed dye laser.391
Isotretinoin is contraindicated in pregnancy and improvement in acne fulminans in pregnant persons has been found with use of azithromycin (can be with prednisone), 5% permethrin cream or amoxicillin-clavulanic acid (1 gr/day) with wet compresses, and a fusidic acid
cream.374 , 391-393

Premenstrual acne
Classically premenstrual acne refers to comedonal acne vulgaris that is seen cyclically before
the menstrual period in adolescent or adult females; comedonal and sometimes inﬂammatory
acne may be seen.6 , 7 Acne may be observed in premenarchal girls and reﬂects an early indication of pubarche (onset of puberty) with increasing dehydroepiandrosterone levels.394 In a sample study of 3065 females 18–25 years of age, 44.8% reported acne; of those with acne, 56.7%
noted perimenstrual acne worsening that involved 58.5% before menses, 35% during menses, and
6.5% after menses.395
Other studies of adolescent and adult females reﬂect worsening of comedonal and/or inﬂammatory acne in the late luteal phase of the menstrual cycle in various females that leads to
the term, premenstrual acne; also, there are links to hormonal level ﬂuctuations, prostaglandin
PGE2, adrenal androgens, genetic issues in some as well as other factors.396-400 One study of
400 females, 12 to 52 years of age, noted premenstrual worsening of their acne in 44% with an
increase in those over 33 years of age versus those under age 33 years.399
Sebaceous glands are affected by various hormonal/androgen levels and have surface cell receptors that can be stimulated by androgens and hormonal changes in menstruation.401 , 402 Also,
a number of dermatological conditions are affected by the menstrual cycle that include acne,
atopic eczema, psoriasis, irritant dermatitis, and others.403
Premenstrual acne, whether comedonal or inﬂammatory, generally responds to basic acne
therapy as discussed previously. Co-morbid conditions, such as disorders causing excess androgens (see the next section), need to be treated.6 , 404 If indicated, certain oral contraceptives with
anti-androgenic progestogens, may improve acne.149-152 , 405 , 406 Other suggestions for management of premenstrual acne have included use of cox-2-inhibitors, prednisone (5 mg daily) 10
days before menses until menstruation begins, and removal (extraction) of comedones around
ovulation.399 , 407 , 408

Excessive androgen acne
It is helpful for the clinician to understand that the skin is an endocrine organ of considerable
complexity, the sebaceous gland is an area of biogenesis for androgens, and acne can be considered as an androgen-mediated dermatological disorder.42 , 409 Excessive androgen acne (androgen
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excess disorder acne) is a severe form of acne that is worsened by hyperandrogenism in children,
adolescents or adults with exposure to high androgen levels found in various combinations of
dehydroepiandrosterone sulfate (DHEAS), testosterone (total, free), and androstenedione; other
abnormal laboratory data in such situations may include sex hormone binding globulin (SHBG),
prolactin, 17-OH-progesterone, LH/FSH ratio, insulin levels (fasting, postprandial) and serum cortisol.10 , 268 , 283 , 400 , 410-412
Severe acne can occur in some females without evidence of hyperandrogenism but with hypersensitivity of the androgen receptor gene (ARG) that is encoded in the X chromosome.413
Youth with evidence of severe acne and hirsutism (as well as androgenic alopecia or female
pattern hair loss) should be evaluated for hyperandrogenism that includes a differential diagnosis of physiologic hyperandrogenism, idiopathic hyperandrogenism, polycystic ovary syndrome
(PCOS) and others.412 , 414 Polycystic ovary syndrome (PCOS) is now considered.

Polycystic ovary syndrome (PCOS)
PCOS accounts for over 90% of females with hyperandrogenism and PCOS is found in 5−10%
of reproductive age females who have menstrual irregularity with insulin resistance-induced hyperandrogenism (clinical and biochemical [increased total and/or free testosterone levels]).414-422
An LH/FSH ratio over 2 suggests PCOS.
The hyperandrogenism can be evident with hirsutism, severe acne, seborrhea, male pattern
alopecia/baldness, hyperhidrosis, premature adrenarche and/or hidradenitis suppurativa.
There can be obesity with insulin resistance that include acanthosis nigricans, impaired glucose tolerance with type 2 diabetes mellitus, dyslipidemia (increased triglycerides, low highdensity lipoprotein), and non-alcoholic steatohepatitis.414-422
Differences in the diagnosis of polycystic ovary syndrome (PCOS) in adolescents versus adults
have been debated for years; currently, PCOS diagnosis in adolescents centers on such factors as
menstrual irregularities two years post-menarche, hirsutism, severe acne and elevated androgen levels with or without polycystic ovary appearance on ultrasound.414-416 , 419-421 Clinicians
should rule out other causes of hyperandrogenism that include congenital adrenal hyperplasia
(CAH; non-classic), androgen-producing tumors, exposure to such medications as valproic acid
and others.289 , 412 , 414 Evaluation for nonclassic CAH includes 17-hydroxyprogesterone testing.414
In PCOS the increased androgens can initiate acne and lead to severe acne development.416 , 423 , 424 The acne severity in females with PCOS can be associated with increased levels
of total testosterone, free testosterone and DHEAS; heightened levels of androstenedione, however, does not inﬂuence the acne severity.424
Oral contraceptives using progestins with low androgenic effect (i.e., ethynodiol diacetate,
norgestimate, desogestrel and drospirenone) may improve menstrual irregularity as well as the
associated acne with reduction in free testosterone, 5α -reductase activity, and sebaceous glands
(i.e., activity as well as size).405 , 406 , 416 , 424 , 425 Research on use of isotretinoin in females with
PCOS and severe acne reveals positive effects on severe cystic acne, free testosterone, insulin,
and hirsutism.426
Metformin is an insulin sensitizer and biguanide that improves the blood sugar in those with
associated type 2 diabetes mellitus as well improves hirsutism; also, it is under research for
treatment of acne vulgaris due to its ability to inhibit the mechanistic target of rapamycin complex 1 (mTORC1) with lowering of ovarian hyperandrogenism.222 , 223 , 424
Spironolactone is a diuretic with antiandrogen effects that can be used as additional medication for PCOS and acne; adverse effects of spironolactone include teratogenicity, fatigue, hyperkalemia, hypotension, menstrual irregularities, breast tenderness and decreased libido401 , 427 , 428
Hirsutism can be managed with various options including non-pharmacologic (i.e., shaving,
electrolysis, depilatory agents, and laser treatment) along with OCs (i.e., low androgenic progestins as noted), and antiandrogens such as spironolactone (50–200 mg per day) or cyproterone
that can lower sebum production.406 , 427 , 428
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Table 23
Indications for hormonal management in acne.406 , 427 , 428

1)
2)
3)
4)
5)
6)
7)
8)

If oral contraception is appropriate when considering oral contraceptives;
Severe acne not improving with traditional anti-acne medications;
Severe pre-menses acne worsening (including pre-pubertal acne);
Late or post-adolescent acne (acne tarda);
Comorbid PCOS;
Others: ovarian/adrenal hyperandrogenism (including virilization);
Location: acne focusing in the chin and jaw area relates to hormonal acne
Others

Hyperandrogenism: general comments
Hormonal treatment of acne is considered in a variety of situations as noted in Table 23
typically in combination with traditional anti-acne medications.406 , 427 The role of chronic stress
in the life of a person with hyperandrogenism can involve potential increased androgen secretion
with sebaceous gland stimulation and comedonal development.404
In addition to combined OCs and insulin-sensitizing medications (i.e., metformin), hormonal
management of acne includes use of such medications as anti-androgens (i.e., spironolactone,
cyproterone acetate [CPA], ﬂutamide), low-dose glucocorticoids and others.149 , 401 , 405 , 406 , 427-433
The data on prescribing anti-androgens in adolescents with acne is limited at this time and
side-effects must be understood.416 , 427 , 428
Consultation with experts in endocrinology, gynecology and dermatology is recommended
when considering these anti-androgen medications other than oral contraceptives, due to potential adverse side effects, contraindications, cost, and other factors.427-429 For example, potential adverse effects of cyproterone acetate include blood clotting diseases, liver dysfunction, ﬂuid
retention, menstrual irregularities, breast tenderness and others.427 , 428

Acne mechanica
This condition is described in persons who develop acne-like lesions or worsening of existing
acne because of mechanical pressure on the skin from rubbing, stretching and other frictioninduced pressures.434-436 The role of interleukin 1 alpha (IL-1α ) in the pathogenesis of acne
mechanica has been studied and non-comedonal (acneiform) lesions developing from excessive
pressure have been termed “folliculitis mechanica” by some researchers.435 , 437
A wide variety of acne mechanica can be seen from detrimental skin friction or pressure in
sports, music, neurology (i.e., tics) and others that include over-zealous skin washing, wearing
tight leotards or helmets as well as other clothes or devices.434 , 438-441 Occupational forces may
arise as seen in back pressure in truck drivers, exposure to coal-tar and others are forms of
occupational acne.434 Mechanical stress can play a role in a dermatological disorder discussed
later, hidradenitis suppurativa.442
Management starts with a thorough history to identify the presence of the excessive friction or other mechanical force (s) that leads to methods to reduce the cause by treating the tic,
change the musical instrument direction, wear more absorbent clothing, discuss the underlying
issues with the patient and other means of altering the excessive mechanical forces on the damaged skin.434 , 435 , 438 , 440 , 441 The clinician can look for ways to support the barrier ability of the
skin, help the skin microbiome, and treat the skin lesions with various skin emollients as well
as, if needed, anti-acne medications.435 The clinician involved with sports medicine can help
the athlete with reduction of the sports-induced acne mechanica sometimes during or after the
sports season.438
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Chemical acne
Chemical acne refers to the worsening of acne vulgaris because of various chemicals that
include cosmetics (acne cosmetica), tars, emollient oils (skin or bath), detergents, hair products (i.e., oils, creams), chlorinated hydrocarbons (chloracne) and others.443 The application of
diverse, even complicated cosmetics may contain chemicals irritating or comedogenic to this
person leading to worsening of existing acne or development of de nova acne as well as acneiform (allergic-induced) lesions that is called acne cosmetica; such developments should induce careful searching for the offending chemical (s) as well as providing proper advice to the
patient.404 , 444-447
The term, pomade acne, refers to comedonal acne that develops on the hairline or the forehead secondary to exposure to hair oil or various greasy products.448 , 449 Application of topical
oils and ointments to infants may result in a condition called acne venenata infantum.283 Persons
working in restaurants and other places exposed to occupational oils or petroleum products can
develop acne or acneiform lesions/conditions called occupational acne (see above).450

Chloracne
Chloracne refers to an acneiform disorder (dermatosis) on the face and other body parts due
to acute or chronic exposure to halogenated aromatic products that include dioxin: polychlorinated dibenzo-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs).451-455 Dioxin and
dioxin-like chemicals are pollutants of the environment with persons coming into contact with
them via the air, water or soil.451 , 452 The exposure to dioxin and dioxin-like compounds has
resulted in various documented environmental contaminations in the 20th century including
damage from Agent Orange in the United States Vietnam war (1963–1975).454
Development of chloracne and hyperpigmentation results from activation of the aryl hydrocarbon receptors in dermal cells that involve sebocytes, keratinocytes and melanocytes.452 First
identiﬁed in 1899 by the German dermatologist, Karl Herxheimer (1861–1942), chloracne leads
to many comedo-like lesions and cysts (yellow) on the cheeks, behind the ears, other facial areas, trunk, extremities, genitalia, axilla, and other bodily parts with hyperpigmentation.451 , 453 , 455
Treatment is diﬃcult and the key is prevention.451 , 455

Acne due to physical agents/weather factors
Persons exposed to excessive heat and humidity, such as soldiers living in tropic climates, can
develop severe acne (acne tropicalis) with draining abscesses, keloids and scarring.456-458 Acne
aestivalis (mallorca acne) describes a polymorphous light eruption that has papular folliculitis on
the arms (lateral areas), shoulder and trunk without comedones, nodules or scarring; the inciting
factor is sunlight (ionizing radiation: UVA radiation).459-461 The differential diagnosis includes
actinic folliculitis, actinic superﬁcial folliculitis, and acne vulgaris worsened by sunlight.462-465
The history and histopathology are important factors in identifying the correct diagnosis.466 It
typically occurs in the spring and is gone in the fall when there is less sunlight; ﬁrst appearance
is usually 1 to 3 days after sun exposure.

Drug-induced acneiform rashes
Various medications that can induce an acne-like rash (drug-induced acne) include diverse
drugs as noted in Table 15 and Table 24.467-471 A sudden follicular appearance occurs that is inﬂammatory at ﬁrst with papules/pustules followed later by comedonal formation.467-470 It may
or may not resemble acne vulgaris histologically and there is a history of taking the inciting
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Table 24
Medications/chemicals that induce acneiform reactions. (See Table 15).467-471
Androgenic (anabolic) steroids
Anti-cancer drugs
Anticonvulsants (barbiturates, diphenylhydantoin)
Antidepressants
Anti-psychotics
Anti-tuberculosis medications (isoniazid, rifampin)
Azathioprine
Bromides
Corticosteroids/Glucocorticoids
Cyclosporine
Danazol
Epidermal growth factor receptor inhibitors
Halogens
Isoniazid
Lithium
Quinidine
Testosterone
Tumor necrosis factor-alpha (TNF-alpha) inhibitors
Others

drug; the drug eruption may also occur in non-traditional zones of acne vulgaris.471 , 472 An important factor in acneiform eruptions is the lack of comedones in contrast to acne vulgaris.468
An iatrogenic acneiform drug reaction usually disappears or lessens after the inciting drug
is stopped. The eruption can occur acutely and become extensive; in addition, there may be
fever, fatigue and malaise. Also, clinicians must understand that those with immune disorders
can also have various complex acneiform disorders that may require consultation with experts in
dermatology.473 If the acneiform eruption is not due to an inciting drug or medication, there are
a wide variety of dermatological conditions that may be causative—some of these are considered
in this overall discussion.289 , 467 , 468

Steroid acne
Topical corticosteroids were introduced to the medical market in the early 1950s and have
become utilized for a wide variety of dermatological disorders.474 Steroids with increasing potency were developed overtime and adverse effects became recognized with use of topical as
well as systemic steroids that include steroid acne or steroid dermatitis.475-478 Topical steroids
should not be applied to the face for extended periods of time; for example, they may be used
for less than one month to manage contact dermatitis.479 Anabolic steroids can lead to severe
acne as noted earlier sometimes, even in connection with isotretinoin.299 , 480
The use of topical ﬂuorinated steroids for facial conditions may, over several months, lead
to steroid-induced acne, steroid rosacea and perioral dermatitis.468 , 481 , 482 Use of super-potent
topical steroids can also lead to other complications including skin atrophy, hypertrichosis, hypopigmentation, super-infections, and suppression of the hypothalamic-pituitary-adrenal (HPA)
axis.475
Perioral (perioriﬁcial) dermatitis is typically marked by red to ﬂesh-like papules (papulovesicular) in the mid-face (i.e., around the mouth and eyes along with the nose) often found in persons with exposure to steroids (inhaled, systemic, topical); the appearance of pustules is infrequent.483-485 Management of perioral dermatitis involves oral tetracycline (if 8 years of age
or older) or use of other medications such as topical erythromycin, metronidazole or pimecrolimus.483-485 The use of topical steroids to treat can be problematic as rebound lesions may
occur after stopping the steroid. Isotretinoin has been used for severe perioral dermatitis that is
resistant to other treatments.484
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Table 25
Skin infections.486

1)
2)
3)
4)
5)
6)
7)
8)

Folliculitis
Cellulitis
Erysipelas (superﬁcial type of cellulitis)
Impetigo
Fasciitis (deep, necrotizing)
Furuncles
Carbuncles
Others

Gram-negative folliculitis
A variety of bacterial skin infections may occur as noted in Table 25; in many cases, they
can be termed uncomplicated skin and skin structure infections (uSSSIs).486 Bacterial infection
of the pilosebaceous units can lead to folliculitis, furuncles and carbuncles. Folliculitis refers to
hair follicle inﬂammation that can be due to Staphylococcus aureus and/or Streptococcus pyogenes; however, gram-negative folliculitis with bacteria resistant to various antibiotics (multiresistant bacteria) may occur in those on long-term antibiotics for acne or other issues such as
having diabetes mellitus, immunodeﬁciencies or others; gram-negative folliculitis in those with
acne has been noted since the late 1960s.467 , 468 , 470 , 486 , 487 These multi-resistant bacteria include
Klebsiella, Enterobacter, Pseudomonas, Proteus, Escherichia coli and Serratia marcescens,in addition
to other microbes (i.e., bacterial, viral, fungal [Malassezia/Pityrosporum], and parasitic [Demodex
spp]).488 , 489
Various studies can be done including cytology and presentation includes painful facial lesions (i.e., papules, pustules, nodules) with absence of comedones.486-489 The differential diagnosis includes acne, gram-positive folliculitis, acne necrotica, keratosis pilaris, ﬂat warts, adnexal
neoplasms, epidermal (sebaceous) cysts, milia (cysts with keratin) and others.467 , 470 Management of gram-negative folliculitis in those with different acnes can center on isotretinoin with
actions as noted in Table 12.489 , 490

Acne necrotica
Acne necrotica (varioliformis; necrotizing lymphocytic folliculitis) has been known since the
early 19th century; it presents with recurrent papulonodules that begin as a few umbilicated,
erythematous lesions that can increase in number and rapidly become necrotic with resultant
skin scarring as well as alopecia.467 , 491-494 Dermatopathologic study is an advantageous, applicable aid in its diagnosis for this disorder that is typically found in middle age and elderly persons.
Management includes topical antibiotics (i.e., clindamycin or clindamycin/benzoyl peroxide gel),
erythromycin gel), and isotretinoin.

Acne keloidalis nuchae (acne keloidalis, folliculitis keloidalis nuchae)
This is a type of recurrent, pustular, destructive folliculitis seen in the occiput and posterior neck areas that can be chronic; it can lead to development of papules, pustules, ﬁbrotic
plaques (keloid-like but not keloids), scarring and cicatricial alopecia.495-497 Acne keloidalis
nuchae (AKN) is nearly always found in post-pubertal males of African descent with a 20:1 male
to female ratio.495 Its cause is unknown but linked to many factors including trauma/friction
(i.e., close shaving, rubbing from football helmets or clothing), ingrown hairs, androgens, heat/
humidity, and inﬂammation/infection.439 , 495 , 496 The differential diagnosis of AKN is broad and
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Table 26
Acne keloidalis nuchae (AKN) differential diagnosis.495-498

1)
2)
3)
4)
5)
6)
7)
8)

Acne conglobata
Perifolliculitis capitis abscedens et suffodiens (PCAS; dissecting cellulitis of the scalp)
Folliculitis decalvans
Hidradenitis suppurativa
Other acnes/acneiform disorders
Various primary alopecias
Dermal cancer
Others

Table 27
Management of acne keloidalis nuchae (see text).495-499

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)

Anticipatory guidance (see text)
Behavioral modiﬁcation
Topical steroids
Topical retinoids
Topical benzoyl peroxide (BPO)
Antibiotics (i.e., doxycycline, minocycline)
Isotretinoin
Steroid injections (triamcinolone)
Cryosurgery
Surgical excision and plastic surgery
Laser treatment (1064 nm Nd: YAG laser and 810 nm diode laser)
Ultraviolet B light phototherapy
Others

includes disorders noted in Table 26.495-498 Diagnostic aids include skin cultures and dermatohistopathology.
Management of AKN can be diﬃcult, dependent on disease progression, and early treatment
of lesions is important to minimize severe disease including scarring. Speciﬁc measures depend
on the stage of the disease and management includes teaching the person the need to avoid
various triggers (i.e., damaging shaving, skin friction, occlusive hair oils), the concern with transmission as well as acquisition of blood borne infection (including HIV/AIDS) and the need for
prompt management of lesions (Table 27).495-499

Folliculitis decalvans
Folliculitis decalvans (calvus: bald in Latin) is a rare type of primary neutrophilic alopecia
with scarring typically developing in young and middle age males; there is a suppurative, inﬂammatory, painful, pruritic folliculitis leading to scarring (cicatricial) alopecia in the vertex as
well as occipital scalp areas.500 , 501 Originally described in 1888 by the French dermatologist
Charles-Eugène Quinquaud, it was identiﬁed as Quinquaud’s folliculitis decalvans in the early
20th century.502 , 503 The etiology of this chronic inﬂammatory disorder is unknown but linked
from its early descriptions to Staphylococcus aureus and abnormal host reaction with resultant
erythema, pustules and crusts.500-504
There can be tufted hair folliculitis and diagnostic aids for folliculitis decalvans include dermoscopic as well as histopathologic studies.500 , 501 , 504 The differential diagnosis for folliculitis
and alopecia is broad that requires expert dermatologic evaluation as well as management.
Adding to the diagnostic diﬃculty is that various dermatological disorders can be comorbid with
folliculitis decalvans.498 , 499
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Table 28
Etymology: perifolliculitis capitis abscedens et suffodiens.

1) perifolliculitis (Greek: peri: around; Latin: folliculus: “A little bag”; Latin: itis: pertaining to disease or
inﬂammation)
2) capitis (Latin: capitalis: of the head”)
3) abscedens (Latin: “departing, withdrawing, retreating”; abscedit: “it goes”)
4) et (Latin: “and”)
5) suffodiens (Latin: suffodio, “to dig under”)

Diverse treatments have been recommended with mixed results and limited evidence-based
guidance; these include antibiotics (i.e., tetracycline, clindamycin with rifampicin), corticosteroids (topical, systemic), dapsone, isotretinoin, immunomodulators (i.e., human recombinant
IgG1 monoclonal antibodies), long-pulsed Nd:YAG laser, and others in composite combinations.500 , 504-508

Perifolliculitis capitis abscedens et suffodiens (PCAS)
PCAS (perifolliculitis capitis abscedens et suffodiens; see Table 28) is also called dissecting perifolliculitis of the scalp, dissecting folliculitis of the scalp, and dissecting cellulitis of the scalp.509-511
As noted earlier, PCAS is part of the follicular occlusion triad (acne conglobata, hidradenitis suppurativa and dissecting cellulitis of the scalp) and the tetrad (with pilonidal sinus); in this group
there is follicular occlusion with apocrine glands.294-296 PCAS was ﬁrst described by L. Spitzer in
1903 and E. Hoffman’s 1908 description led to its antiquarian appellation as Hoffman’s perifolliculitis capitis abscedens et suffodiens (Table 28).512 , 513
PCAS leads to suppurative, perifollicular disease with deep pustules, nodules, abscesses and
sinuses mainly in African-American/African-Caribbean men between 20 and 40 years of age;
eventually alopecia develops from recurrent follicular occlusions (with ruptures and infections) that is classiﬁed as a primary, neutrophilic, cicatricial alopecia especially in the occipital
scalp.509-511 , 514 Its cause is not known and key diagnostic aids include trichoscopy as well as
histopathology.515 PCAS has been associated with Crohn’s disease, pyoderma gangrenosum, keratitis, keratitis-ichthyosis-deafness syndrome, arthritis, keratitis, and others.511 , 516 PCAS has also
been reported in children.517
A wide variety of treatments have been used including corticosteroids, antibiotics (tetracycline, minocycline, macrolides, rifampin, metronidazole), dapsone, zinc sulfate, tumor necrosis
factor blockers (TNFB; human anti-TNF monoclonal antibody), isotretinoin, laser treatment, external beam radiation, photodynamic therapy (PDT) with levulan, and others.489 , 509-511 , 517 , 518
Surgical (dermatosurgical) management is utilized as well including intra-lesion steroid (triamcinolone) injection, I & D (incision and drainage), lesion excision (full-thickness) and scalp
xenograft placement (porcine).518-520

Folliculitis-associated immunological defects (i.e., chronic granulomatous disease)
When encountering a patient with severe or recalcitrant acne or acneiform disorders complicated by recurrent bacterial and fungal infections, clinicians should evaluate the patient for immunodeﬁciency disorders. An example is chronic granulomatous disease (CGD), ﬁrst identiﬁed
in 1957 by Minnesota immunologist RA Good (1922–2003; father of modern immunology).521
CGD is a rare primary immunodeﬁciency due to mutations in the NADPH (nicotinamide adenine
dinucleotide phosphate [NADPH] oxidase (any of 5 subunits) in phagocytic leukocytes that result
in the absence of the enzyme superoxide and ineffective intracellular killing of bacterial as well
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as fungal pathogens.522 , 523 Various types are seen that include X-linked CGD (most common),
autosomal recessive cytochrome (b-negative; b-positive type I; b-positive type II) and atypical
CGD.522 , 523
CGD also leads to granulomas in various tissues of the body; severe disease can be seen in
the lungs, skin, liver, gastrointestinal tract and lymph nodes. Various skin lesions can be observed that include seborrhea dermatitis, folliculitis, impetigo, acneiform dermatitis, demodicidosis and others in diverse CGD persons.522-527 Testing to conﬁrm CGD includes neutrophil function tests such as the nitroblue tetrazolium (NBT) reduction test, the dihydrorhodamine (DHR)
123 test, and others.528 Management of CGD includes active/prophylactic infection treatment
(i.e., antibiotics, azole antifungals), immune modulators, hematopoietic stem cell transplantation,
gene therapy, and others.522-527

Hidradenitis suppurativa (suppurative hidradenitis; acne inversa)
This disorder has had a number of names that includes an early eponym, Verneuil’s disease, in honor of the 1854 article by a 19th century French surgeon, Aristide Auguste Stanislas Verneuil (1823–1895).529 The French words, hidrosadénite phlegmoneuse, became the English
words, hidradenitis (ancient Greek, hidros, for sweat; aden, for gland; itis, for pertaining to disease or inﬂammation) and suppurativa (Latin, suppurationem, for discharge or form pus). As the
20th century progressed, scholars and researchers linked this disorder with the acne triad (now
follicular occlusion triad: hidradenitis suppurativa, acne conglobata, and dissecting cellulitis of
the scalp) and the acne tetrad (now follicular occlusion tetrad–adding pilonidal sinus).289 , 294-296
An argument has arisen for more than 3 decades to call this complex condition, acne inversa
(Latin, inversus: turn upside down, reverse, invert), to more clearly articulate that the core problem is not purulent inﬂammation of apocrine sweat glands, but an occlusive disorder of hair
follicles with links to acne vulgaris.530
This disorder is classically seen in intertriginous areas of the body and the internationally acclaimed dermatology expert, Dr. Gerd Plewig (Department of Dermatology and Allergy, LudwigMaximilian-University of Munich, Munich, Germany) and colleagues suggest the name “dissecting terminal hair folliculitis” to avoid the confusion of previous names and identify its true nature as folliculitis in which terminal hair follicles are diseased with immunological dysfunction
and secondary bacterial infection.531 In this same view, perifolliculitis capitis abscedens et suffodiens and pilonidal disorder are variants of dissecting terminal hair folliculitis that involve their
respective regions (i.e., scalp, coccygeal area, others).531
As the third decade of the 21st century unfolds, more information and debates will continue
with regard to this condition as well as other complex dermatological disorders.294-296 , 531-533
Hidradenitis suppurativa (suppurative hidradenitis; acne inversa) is a chronic, inﬂammatory folliculitis typically found in intertriginous regions (i.e., axilla, submammary folds, inguinal area, perianal region) and seen in association with various other conditions as noted in Table 29. Though
found in any age group and persons, it typically initiates in the late adolescent years through the
third decade of life with increased prevalence in females and African-Americans.531-534 There is
a genetic component in some persons that includes gamma-secretase gene mutations and syndrome associations (PASH and PAPASH) (Table 29).292 , 511 , 535 The global prevalence is identiﬁed
in a range of 0.0 0 033% to 4.1% and a range of 0.7 to 1.2% in the European-United States populations.536
Research on its etiology, as noted, focuses on terminal hair folliculitis that includes involvement of the interleukin-1 family of cytokines (such as IL-17) with chronic inﬂammation as seen
with tests revealing leukocytosis, increased erythrocyte sedimentation rate, elevated C-reactive
protein level, and thrombophilia.530 , 537 The disease can vary from mild to severe and various
staging systems are used such as the Hurley scale and others.537 If the disease progresses,
there can be widespread abscesses, sinus tracts, and skin destruction with scarring; pain, pruritus, malodor, embarrassment and low self-esteem can be considerable as well as overwhelming.531-537
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Table 29
Co-morbidities/associations/risk factors: Hidradenitis suppurativa (Acne inversa) (See text).
1) Auto-inﬂammatory disorders
2) Acne conglobata
3) Depression; anxiety
4) Diabetes mellitus type II
5) Genetics (gamma-secretase gene mutations; others)
6) Genetic keratin disorders
7) Inﬂammatory bowel disease (i.e., Crohn’s disease)
8) Metabolic syndrome
9) Obesity
10) Perifolliculitis capitis abscedens et suffodiens
11) Pilonidal disorder
12) Polycystic ovary syndrome
13) Smoking (tobacco dependence)
14) Spondyloarthritis
15) Substance use disorders
16) Suicide
17) Syndromes
a. PASH (pyoderma gangrenosum, acne, suppurative hidradenitis)
b. PAPASH (pyogenic arthritis, acne, pyoderma gangrenosum, and suppurative hidradenitis)
18) Others

Treatment should be multi-disciplinary and management can be diﬃcult, demanding and
even discouraging for the patient as well as the treatment team.531 , 536 Certain focused features
are generally agreed upon by clinicians and these include getting the patient with hidradenitis suppurativa (acne inversa) to stop smoking, lower weight if overweight/obese, have looseﬁtting clothes to minimize friction, receive education on what is known about its cause, look
for/manage associated conditions (Table 29), and address the behavioral aspects of such a
chronic disease (i.e., depression, anxiety).318 , 442 , 531-534 , 537 , 538 Provide education about causes of
and management for distressing issues that arise: pain, malodor, pruritus, shame and others.
Teach the person what sets off the ﬂares and how to deal with these distressing episodes.
In addition, topical antibiotics (i.e., clindamycin) can be helpful for mild disease while oral
antibiotics—as single or in combinations (i.e., tetracycline, clindamycin with rifampicin, ertapenem followed up with rifampicin, moxiﬂoxacin and metronidazole as well as others)—may
help with increasing infection.368 , 531-534 , 537 , 539 An experienced management team should help
to decide on the value of ﬁnasteride, hair epilation, photodynamic therapy, adalimumab (TNF
alpha inhibitor), other biologic treatment, surgery (local or wide excision), and other therapies
advocated by various research groups.332 , 368 , 531-534 , 537 , 539
This potentially devastating disease can present in childhood and adolescence with potential
lifelong implications.540 , 541 As noted, linkage of this complex condition to the acnes are complex
and under current research with acne focusing on the development of comedones/inﬂammatory
lesions and hidradenitis suppurativa/acne inversa that centers on terminal hair folliculitis.531 , 542
The follicular canal consists of the infra-infundibulum and the acro-infundibulum (more distal
and contiguous with the skin surface); acne inversa appears to begin in the acro-infundibulum
that in certain circumstances combines with immune dysfunction, inﬂammation, and infection
leading to various stages of hidradenitis suppurativa (acne inversa).531

Pyoderma gangrenosum (PG)
Though scholars have found medical illustrations of probable pyoderma gangrenosum by
19th century French artist Marie-Nicolas Devergie, the ﬁrst oﬃcial description of this entity
is attributed to LA Brunsting et al. from a 1930 publication on 5 adults in which 4 also
had ulcerative colitis.543-545 Its delusive appellation, pyoderma gangrenosum, derives from a
now classic 1930s article whose authors speculated that it was linked to pyoderma (bacterial
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Table 30
Medications used for pyoderma gangrenosum management.546-552 , 558 -

1)
2)
3)
4)
5)
6)
7)
8)

45

560

Systemic corticosteroids
Cyclosporine
Dapsone
Tacrolimus
TNF-alpha inhibitors (i.e., adalimumab and inﬂiximab)
Biologics
Small molecule therapy (i.e., pharmacological chaperones)
Others

infection—Greek: puo/puon-pus; dermatos-skin) as well as bowel disease (gangrenosum; Latin:
gangrēnōsus—suffering from tissue death).545 The label, pyoderma gangrenosum (PG), has remained but research of the past 90 years has increased our understanding to some extent of
this confusing and sometimes misdiagnosed dermatological disorder.535 , 546-551
Pyoderma gangrenosum (PG) is found in the general population with an annual incidence of
3–10 cases per million; also, it can occur at any age but usually is found in adults in the 5th and
6th decades of life.547 PG is an inﬂammatory, non-infectious, neutrophilic dermatological disorder (dermatosis) that classically presents as a small nodule on the lower extremities (pretibial)
and rapidly becomes a painful ulcer. BC Neill et al. describe PG mnemonically as having the 5 P’s
along with other issues: the lesion is painful, progressive, purple and pretibial; there is also
a history of pathergy, in which minor trauma may have preceded the lesion development that
can include surgical incisions.548 Though not all cases ﬁt this exact description, it is helpful to
the clinician in considering this rare diagnosis. For example, the “purple” can be combinations
of red (erythematous) bluish-purple, and violaceous.
Most lesions progress into a necrotic ulcer, while others can be classiﬁed as vegetative, pustular, bullous, peristomal or superﬁcial granulomatous; histopathology reveals a neutrophilic dermatosis.547 , 550 Though this lesion is typically on the lower extremities, it can be found anywhere
on the body (including the face) and multiple lesions may develop. As noted earlier (Table 29),
PG can also be found in various syndromes: PASH (pyoderma gangrenosum, acne, suppurative
hidradenitis), PAPASH (pyogenic arthritis, acne, pyoderma gangrenosum, and suppurative hidradenitis), and PAPA (pyogenic arthritis, PG and acne—monogenic autoinﬂammatory syndrome).535 , 551
At least half of persons who develop PG also have other disorders that include inﬂammatory
bowel disease (as noted in the 1930 description by LA Brunsting et al. [545]), rheumatologic
diseases, or hematological malignancies.547 , 550 , 551 Studies of PG in children and adolescents note
these same potential associations except for malignancies noted in adults.552 , 553 Extra-cutaneous
PG is rare but may occur in adults, most commonly in the lungs and pulmonary PG may occur
without skin manifestations.554 Cocaine use has been seen in some with PG and thus, clinicians
should ask about this possibility in those with PG.555
The etiology of PG remains elusive though links with immune dysfunction, inﬂammatory cytokine abnormalities (i.e., IL-1β ) and inﬂuence of genetics (i.e., chromosome 15) remain under
research as well as dermatological debate.546-551 , 556 Management includes looking for other associations as noted and utilizing a differential diagnosis that includes infectious necrotizing fasciitis.557 Treatment of PG can be diﬃcult and medications utilized are noted in Table 30; early and
aggressive management by experts is important to lower the potential severity of PG including
physical and emotional scarring.546-552 , 558-560

Pseudofolliculitis barbae
Folliculitis barbae (Latin, barba: beard) refers to bacterial or viral infection in the beard area,
while pseudofolliculitis barbae (ancient Greek work, pseudēs for “false”) refers to inﬂammation
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Table 31
Management options for pseudofolliculitis barbae and its complications.561-563 , 568-574

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)

Change shaving methods/grooming habits
No shaving
No plucking hair
Management of associated conditions
Corticosteroid injection into keloids
Antibiotics (topical; oral)
Retinoids
Laser surgery to remove hairs
Photodynamic therapy
Management of scars (Table 17)
Others

of the follicular and perifollicular area from many reasons not directly involving infection.561
Pseudofolliculitis barbae can be found in males of any ethnicity but is more prevalent in men
with ethnic skin of African and Asian descent.561-563 A key precipitant is shaving (or plucking)
followed by the growth of especially curved hair follicles (hair tips) into the skin in a manner
that leads to a foreign body reaction with variable papules, pustules, hyperpigmentation, and
keloids.561-563 Those with curly hair are at increased risk for this reaction; indeed, the transfollicular hair does not leave the follicle but curves back while the extrafollicular hair leaves the
follicle and enters the dermis again leading to two types of ingrown hairs.
Also, a genetic component has been found with a mutation in epithelial hair keratin KRT75
and keratin disorder-K6hf polymorphism.561 , 564 , 565 This acneiform eruption (sometimes called
“razor bumps” or “ingrown hairs”) can range from mild to severe and can occur in any area
that is shaved or plucked including the neck (pseudofolliculitis nuchae), occiput, genital area
(pseudofolliculitis pubis) or others.
Pseudofolliculitis barbae can be associated with or be mistaken for such dermatological disorders as pseudofolliculitis nuchae, acute keloidalis nuchae (Latin, nucha: nape or back of the
neck), folliculitis barbae, chronic scalp folliculitis and other disorders of the hair/skin as discussed previously.494-500 , 566-568
Management of pseudofolliculitis barbae needs to be personalized to the individual that includes what the patient wishes, what provides the desired results, and what helps with the person’s best quality of life.561-563 , 568 A variety of management options are available and include
not shaving nor plucking hair in addition to others identiﬁed in Table 31.561-563 , 568-574

Trichostasis spinulosa
Early in the 20th century, German dermatologist Felix Franke described a skin condition he
called Pinselhaar (paintbrush hair) that was termed, trichostasis spinulosa by G. Nobl in 1913; the
latter was based on the Greek work, trichosis for “growth of hair”, Greek stasis for “standing still”
and the Latin spinulosus for “having many little spines/thorns”.575-577 In this acneiform condition,
a facial rash develops that looks like many blackheads over the nose and malar areas of the face;
however, these lesions represent a follicular condition involving telogen hair remaining in the
hair follicle that can present as dark, spiny papules.578-581 These retained clumps of vellus hairs
may occur mid-face or on the limbs in young adults (as well as interscapular area of the trunk)
and tend to be more pruritic in the young verses the elderly.579
They may be mistaken for other dermatological disorders including acne with comedones,
keratosis pilaris, eruptive vellus hair cysts, pityriasis versicolor and alopecia areata.582 , 583 The
clinician may see a vellus hair bundle microscopically while skin surface biopsy can revel this
diagnosis as well; dermoscopic signs can include evidence of hair retention and follicular kerPlease cite this article as: D.E. Greydanus, R. Azmeh and M.D. Cabral et al., Acne in the ﬁrst three decades of life:
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Table 32
Possible triggers for Trichostasis spinulosa.578

1)
2)
3)
4)
5)
6)
7)
8)

Corticosteroids (topical)
Dust
Heat
Minoxidil (topical)
Oils
Renal failure (chronic)
Ultraviolet light
Others

Table 33
Keratosis pilaris and it variants.586-589 , 591 , 592

1)
2)
3)
4)
5)
6)
7)

Keratosis pilaris
Keratosis pilaris rubra
Erythromelanosis follicularis faciei et colli (EFFC)
Keratosis pilaris atrophicans
Ulerythema ophryogenes
Zouboulis syndrome (see text)
Others

atosis (i.e., orange-yellow keratotic plugs).581 , 584 Triggers in some persons for the development
of trichostasis spinulosa are noted in Table 32.578 Management includes use of emollients, keratolytics, topical retinoids, oral retinoids and laser treatment for hair reduction.578 , 581 , 585

Keratosis pilaris
Keratosis pilaris (follicular keratosis; lichen pilaris; chicken skin) is characterized by the presence of 1–2 mm papules that are located on various places—–lateral upper arms, face, anterior
thighs, buttocks or other areas.586-589 This is a common hair follicle, keratinization condition that
peaks in the adolescent years; it is hereditary (autosomal dominant) and typically self-limiting.
These lesions are generally ﬂesh-colored but can be red or white. Some experts have suggested
that the underlying cause of keratosis pilaris is the rupture of follicular epithelium by circular
hairs that induce inﬂammation and subsequent follicular keratinization dysfunction.590
This dermatological disorder can be found with obesity, diabetes mellitus, atopic dermatitis
or ichthyosis vulgaris and has various variants as noted in Table 33.586-589 The rare Zouboulis
syndrome is the combination of keratosis pilaris, ulerythema ophryogenes and 18p monosomy.591 , 592 Confusion with comedonal acne may occur with facial or truncal keratosis pilaris.
Dermoscopic examination usually identiﬁes the diagnosis of keratosis pilaris and skin biopsy can
be accomplished as well if necessary.588
Management is usually with a moisturizer (i.e., containing lactic acid), topical keratolytic
agent with propylene glycol, and topical retinoids. Pulsed-light therapy has been utilized as well
for severe or refractory cases.593

Facial angioﬁbroma
Facial angioﬁbroma (often preferred term to that of adenoma sebaceum) is a classic feature
of tuberous sclerosis (tuberous sclerosis complex [TSC]); TSC is an autosomal dominant genetic
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disorder, represents dysfunction of the mammalian target of rapamycin (mTOR) signaling pathway, affects many systems in the body, and is the second most common neurocutaneous syndrome (NCS) —after neuroﬁbromatosis.594 , 595 Facial angioﬁbromas are important to recognize as
they are found in three out of four persons with TSC and they can be misdiagnosed initially as
acne.595-598 Also, facial angioﬁbromas can be a source of considerable morbidity, unsightliness,
and scarring that increases the need for correct, early diagnosis as well as management.595
These facial lesions, appearing in the ﬁrst 2–5 years of life, begin as small papulonodules
with slow increase in size that are augmented in puberty.596 , 597 These lesions tend to be pink
or red-brown with a smooth, symmetrical facial appearance that, as noted, can eventually lead to
considerable facial damage. Other skin lesions of TSC include hypo-pigmented “ash-leaf spots”,
shagreen patches on the lower back, nail (ungual) ﬁbromas, and ﬁbrous forehead plaques;
tooth enamel disease and intraoral ﬁbromas may also occur.596-598 Management of facial angioﬁbromas includes topical mTOR inhibitors (i.e., sirolimus, everolimus), laser treatment, and
surgery.595 , 596 , 599 , 600

Molluscum contagiosum
This common dermatosis (Latin, molluscus: soft; Latin, contagio: contact, contagious) is caused
by the molluscum contagiosum virus (MCV) of the Poxviridae family and is spread in different
parts of the body in various ways—such as close contact (including sexually) and autoinoculation.44 , 601-605 Common places of infection are the face, hands, trunk and genitalia.16 , 44 The
lesions of molluscum contagiosum (MC) appear as translucent, dome-shaped papules (a few to
hundreds; single or in groups; usually 2–8 mm in diameter) that are pink or skin-colored with
or without central umbilication, become pearly white, and have cheesy-like material if opened
up.44 , 601-603 Large papules may develop especially if secondary bacterial infection occurs.44 Dermoscopy can be helpful in diagnosis while a skin biopsy (epidermal molluscum bodies on histology) can also be utilized for confusing situations.606
MC may be mistaken for acne as well as occur along with acne or other conditions such
as atopic dermatitis. Unless the person with MC has an immunocompromised condition, this
viral infection is normally limited to 6 to 12 months. If overt treatment is selected or needed
for cosmetic or other reasons, various methods are available that include chemical, immunemodulating and anti-viral options.44 , 601-604 Some experts suggest that waiting for normal lesion
(s) resolution may be the best option for many persons in view of such issues as treatments have
potential adverse effects for lesions that are typically transient as well as asymptomatic.44 , 604 , 605

Verrucae
Verrucae vulgaris (common warts) may occur with acne or be mistaken for acne.470 Such
warts are caused by the human papillomavirus (HPV) (i.e., 1,2, 4, others) and spread by person to person contact as well as autoinoculation; there are over 100 HPV types.44 , 605 , 607 Verrucae vulgaris are rough, skin-colored papules on any body area but especially on the hands
in addition to arms (especially elbows) and legs (especially knees); thrombosed capillaries can
be seen.16 , 44 , 605 , 607 Filiform warts present with frond-like projections that are typically seen
on perioral, buccal and beard areas.606 Verrucae can be diagnosed by various means such as
appearance and dermoscopy.44 , 606 Management of common warts, which tend to resolve spontaneously in a few years, typically involves various keratolytic agents (i.e., salicylic acid, sulfur,
others), cryotherapy, imiquimod 5% cream, cantharidin and other measures.44 , 605 , 607
There can also be plantar, ﬂat and genital warts.16 , 44 , 605 Flat warts are small skin-colored
papules or thin plaques that may develop over sun-exposed areas; their surface is smooth,
though they may coalesce into plaques and/or be seen in a linear pattern and extensive spread
may occur after shaving or in immunocompromised persons. An outer keratinized ring may ocPlease cite this article as: D.E. Greydanus, R. Azmeh and M.D. Cabral et al., Acne in the ﬁrst three decades of life:
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Table 34
Treatment options for genital warts.611 , 612
A. Self (patient) administered (topical)
1. Imiquimod cream (3.5% or 5%)
2. Podoﬁlox 0.5% solution or gel
3. Sinecatechins ointment (10–15%)
B. Methods of clinicians
1. Liquid nitrogen or nitrous oxide via cryoprobe (cryoablation)
2. Podophyllin resin (10–15%) in compound tincture of benzoin
3. Trichloroacetic acid (TCA) or bichloroacetic acid (BCA)
4. Carbon dioxide (CO2) laser ablation
5. Surgery
a. Scissor excision
b. Shave excision
c. Curettage
d. Cavitron ultrasonic surgical aspiration (CUSA)
e. Loop electrosurgical excision procedure (LEEP)

cur around palmer and plantar warts. In addition to therapies listed for common warts, tretinoin
can be used for ﬂat warts.
Anogenital warts (HPV 6, 11 and others) can become cauliﬂower-like lesions called condyloma acuminata (genital warts); HPV types 6 and 11 cause 90% of genital warts while HPV types
16 and 18 cause 70% of cervical cancers.608 HPV vaccination is available to cover 9 HPV types
(i.e., 6,11,16,18,31,33,45,52 and 58) and is valuable in preventing cervical as well as other HPVinduced cancers.609 , 610 Genital warts, often diﬃcult to eradicate and with a high recurrence rate,
can be treated in various ways (Table 34).611 , 612

Conclusions
Acne vulgaris was listed by the Global Burden of Disease Study 2010 as the eighth overall
disease with a global prevalence of 9.38% for all ages and research studies note a global prevalence in adolescents in the world that ranges from 35% to 100%.613 Acne vulgaris is a dermatological disorder with aberrant keratinization and comedogenesis that involves colonization with
Cutibacterium acnes (previously called Propionibacterium acnes) as well as inﬂammatory and genetic features. The study of acne genetics in the 21st century is leading to an understanding of
the pathogenesis of acne along with potentially improved management options.34-43 , 614 Issues
of diet and acne continue to be debated as well as individualized for each patient.66-71 , 221 , 615
Various grading systems are used to rate acne with its dermatological lesions from mild to
severe and one in ﬁve have moderate to severe acne vulgaris. A variety of conditions can be seen
as part of a differential diagnosis as well as comorbid disorders with acne.467-473 Acne vulgaris is
classic in the adolescent and young adult years while acne rosacea is typically noted in the third
and fourth decade of life. An individual management plan should be developed to deal with the
type of acne that is found along with any co-morbid conditions.
Acne vulgaris treatment is based on a combination of topical and oral agents: topical retinoids, topical benzoyl peroxide (BPO), antibiotics (topical, oral), oral isotretinoin, oral
contraceptives (OCs), hormonal therapy (i.e., medications) and others (Table 2).308 A variety
of acne guidelines from the past decade are available from eminent expert groups in the
world.14 , 72 , 118 , 308 , 616-622 Clinicians must keep in mind the cost of these medications that the
patient must bear in payment, what the patient is willing to use, and what is consistent with
local consulting dermatologists.6 , 76
Also important is the cautious (i.e. limited) use of antibiotics in acne management due to the
growing phenomenon of antibiotic resistance in acne management as well as diverse bacterial
infections.623-625 Indeed, topical antibiotics should not be used as monotherapy and systemic antibiotic use should be limited.75 All medications have potentially adverse effects that should be
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taught to the patient and carefully monitored since both the acne condition as well as the presence of adverse effects of medications can have long-lasting, detrimental impact on the person
with acne.75 , 162-170
Oral contraceptives are helpful as well for acne in sexually active females while other hormonal therapy can help with resistant acne in some persons. The sine qua non medication for severe or recalcitrant acne vulgaris is oral isotretinoin, though adverse effects must be understood
including teratogenic risks (Table 14).6 , 7 , 153 , 154 , 158 , 162-170 , 308 The topical retinoids, tretinoin and
adapalene, have a U.S. FDA pregnancy category of C while tazarotene has an X classiﬁcation.75
It is also critical to address potential emotional aspects of dermatological disorders such as
one sees with the acnes, their co-morbidities, and disorders that are part of the differential diagnoses of the acnes.171-191 , 308 , 626-629 Clinicians are challenged to look at exposome factors in
disease, such as acne, that involves seeking various factors that are involved in its pathogenesis and severity; these include psychological issues, medication effects, nutrition, pollution and
others.626 Each patient is unique and their unique issues must be understood by clinicians, as
for example, in the worsening of acne because of menstrual-related factors or in transgender
persons undergoing testosterone therapy.403 , 629 Rewarding research continues in the 21st century that is providing maximal, beneﬁcial distribution of medications to the skin along with
ﬁnding new anti-acne medications as well as formulations speciﬁc to those with acne disorders.43 , 104-110 , 630
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32. Jończyk-Matysiak E, Weber-Dabrowska B, Zaczek M, et al. Prospects of phage application in the treatment of acne
caused by Propionibacterium acnes. Front Microbiol. 2017;8(FEB):1–11. doi:10.3389/fmicb.2017.00164.
33. O’Neill AM, Gallo RL. Host-microbiome interactions and recent progress into understanding the biology of acne
vulgaris. Microbiome. 2018;6(1):177–192. doi:10.1186/s40168-018- 0558- 5.
34. Herane MI, Ando I. Acne in infancy and acne genetics. Dermatology. 2003;206(1):24–28. doi:10.1159/000067819.
35. Common JEA, Barker JN, van Steensel MAM. What does acne genetics teach us about disease pathogenesis? Br J
Dermatol. 2019;181(4):665–676. doi:10.1111/bjd.17721.
36. Bataille V, Snieder H, MacGregor AJ, Sasieni P, Spector TD. The inﬂuence of genetics and environmental factors in
the pathogenesis of acne: a twin study of acne in women. J Invest Dermatol. 2002;119(6):1317–1322. doi:10.1046/j.
1523-1747.2002.19621.x.
37. Lichtenberger MA, Simpson C, Smith J, Barker, Navarini AA. Genetic architecture of acne vulgaris. J Eur Acad Derm
Venereol. 2017;31(12):1978–1990.
38. Li X, Jia Y, Wang S, Meng T, Zhu M. Identiﬁcation of genes and pathways associated with acne using integrated
bioinformatics methods. Dermatology. 2019;235(6):445–455. doi:10.1159/0 0 0502203.
39. Chen B, Zheng Y, Liang Y. Analysis of potential genes and pathways involved in the pathogenesis of acne by bioinformatics. Biomed Res Int. 2019;2019 Published 2019 Jun 9. doi:10.1155/2019/3739086.
40. Ragab M, Hassan EM, Elneily D, Fathallah N. Association of interleukin-6 gene promoter polymorphism with acne
vulgaris and its severity. Clin Exp Dermatol. 2019;44(6):637–642. doi:10.1111/ced.13864.
41. Rahaman SMA, De D, Handa S, et al. Association of insulin-like growth factor (IGF)-1 gene polymorphisms with
plasma levels of IGF-1 and acne severity. J Am Acad Dermatol. 2016;75(4):768–773. doi:10.1016/j.jaad.2016.05.019.
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354. Barańska-Rybak W, Mehrholz D, Flis P, Karpinsky G, Sokołowska-Wojdyło M. Severe acne fulminans following low–
dose isotretinoin and testosterone use. Cutis. 2019;103(6):E20–E21.
355. Didona D, Paolino G, Cantisani C, Viti G, Caposiena Caro DR, Didona B. Acne fulminans following isotretinoin therapy. G Ital Dermatol Venereol. 2019;154(1):84–85. doi:10.23736/S0392- 0488.17.05593- 6.
356. Joly P, Prost C, Gaudemar M, Revuz J. Acné fulminans déclenchée par la prise d’isotrétinoïne [Acne fulminans
triggered by isotretinoin therapy]. Ann Dermatol Venereol. 1991;118(5):369–372.
357. Sotoodian B, Kuzel P, Brassard A, Fiorillo L. Disﬁguring ulcerative neutrophilic dermatosis secondary to doxycycline
and isotretinoin in an adolescent boy with acne conglobata. Cutis. 2017;100(6):E23–E26.
358. Legal K, Misery L. Isotretinoin-induced acne fulminans without systemic symptoms treated successfully with oral
dapsone. Acta Derm Venereol. 2020;10 0(1):adv0 0 036 Published 2020 Jan 23.. doi:10.2340/0 0 015555-3354.
359. Grando LR, Leite OG, Cestari TF. Pseudo-acne fulminans associated with oral isotretinoin. An Bras Dermatol.
2014;89(4):657–659. doi:10.1590/abd1806-4841.20143024.
360. Gualtieri B, Panduri S, Chiricozzi A, Romanelli M. Isotretinoin-triggered acne fulminans: a rare, disabling occurrence
[published online ahead of print, 2018 Sep 18]. G Ital Dermatol Venereol. 2018 10.23736/S0392-0488.18.06013-3.
doi:10.23736/S0392- 0488.18.06013- 3.
361. Meena M, Mittal A, Khare AK, Gupta LK. Pseudo acne fulminans: an under recognized entity. Indian Dermatol Online
J. 2018;9(6):462–464. doi:10.4103/idoj.IDOJ_296_17.
362. Dréno B, Pécastaings S, Corvec S, Veraldi S, Khammari A, Roques C. Cutibacterium acnes (Propionibacterium acnes)
and acne vulgaris: a brief look at the latest updates. J Eur Acad Dermatol Venereol. 2018;32(Suppl 2):5–14. doi:10.
1111/jdv.15043.
363. Greywal T, Zaenglein AL, Baldwin HE, et al. Evidence-based recommendations for the management of acne fulminans and its variants. J Am Acad Dermatol. 2017;77(1):109–117. doi:10.1016/j.jaad.2016.11.028.
364. Massa AF, Burmeister L, Bass D, Zouboulis CC. Acne fulminans: treatment experience from 26 patients. Dermatology.
2017;233(2–3):136–140. doi:10.1159/0 0 0473860.
365. Proença NG. Acne fulminans. An Bras Dermatol. 2017;92(5 Suppl 1):8–10. doi:10.1590/abd1806-4841.20176546.
366. Seukeran DC, Cunliffe WJ. The treatment of acne fulminans: a review of 25 cases. Br J Dermatol. 1999;141(2):307–
309. doi:10.1046/j.1365-2133.1999.02982.x.
367. Siadat AH, Bostakian A, Abtahi-Naeini B, Shahbazi M. Successful treatment of facial acne fulminans: antimicrobial
agents and oral prednisolone as promising regimes. Case Rep Dermatol Med. 2017;2017. doi:10.1155/2017/7092910.
368. Duchatelet S, Join-Lambert O, Delage M, et al. Remission of chronic acne fulminans and severe hidradenitis suppurativa with targeted antibiotherapy. JAAD Case Rep. 2019;5(6):525–528 Published 2019 Jun 8. doi:10.1016/j.jdcr.
2019.04.001.
369. Miguel D, Tittelbach J, Elsner P. A dramatic case of acne fulminans responding to adalimumab. J Dtsch Dermatol
Ges. 2019;17(8):837–838. doi:10.1111/ddg.13842.
370. Hao J, Wang T. 5-Aminolevulinic acid photodynamic therapy and isotretinoin for treatment of drug-induced acne
fulminans in a patient with idiopathic thrombocytopenic purpura. Photodiagnosis Photodyn Ther. 2020;29. doi:10.
1016/j.pdpdt.2019.101630.
371. O’Leary PA, Kierland RR. Pyoderma faciale. Arch Dermatol Syphilol. 1940;41:451–462.
372. Plewig G, Jansen T, Kligman AM. Pyoderma faciale. A review and report of 20 additional cases: is it rosacea? Arch
Dermatol. 1992;128(12):1611–1617. doi:10.1001/archderm.128.12.1611.
373. Massa MC, Su WP. Pyoderma faciale: a clinical study of twenty-nine patients. J Am Acad Dermatol. 1982;6(1):84–91.
doi:10.1016/s0190-9622(82)70 0 08-8.

Please cite this article as: D.E. Greydanus, R. Azmeh and M.D. Cabral et al., Acne in the ﬁrst three decades of life:
An update of a disorder with profound implications for all decades of life, Disease-a-Month, https://doi.org/10.1016/j.
disamonth.2020.101103

JID: YMDA

ARTICLE IN PRESS

[mUS1Ga;October 8, 2020;22:58]

D.E. Greydanus, R. Azmeh and M.D. Cabral et al. / Disease-a-Month xxx (xxxx) xxx

61

374. Carter A, Viswanathan K, Shulman K. Sudden appearance of indurated erythematous plaques on a man’s face. Case
Rep Dermatol Med. 2016;2016. doi:10.1155/2016/5192689.
375. Angileri L, Veraldi S, Barbareschi M. Rosacea fulminans: two case reports and review of the literature [published
online ahead of print, 2019 Jul 10]. J Dermatolog Treat. 2019:1–4. doi:10.1080/09546634.2019.1628175.
376. Walsh RK, Endicott AA, Shinkai K. Diagnosis and treatment of rosacea fulminans: a comprehensive review. Am J
Clin Dermatol. 2018;19(1):79–86. doi:10.1007/s40257- 017- 0310- 0.
377. Mantovani L, Zauli S, Virgili A, Bettoli V. Rosacea fulminans or acute rosacea? Report of 5 cases and review of the
literature. G Ital Dermatol Venereol. 2016;151(5):553–557.
378. Firooz A, Firoozabadi MR, Dowlati Y. Rosacea fulminans (pyoderma faciale): successful treatment of a 3-year-old
girl with oral isotretinoin. Int J Dermatol. 2001;40(3):203–205. doi:10.1046/j.1365-4362.2001.01138-5.x.
379. Debroy Kidambi A, Tiﬃn NJ, Ramsay HM. Atypical rosacea in a male patient: case study. Dermatol Online J.
2016;22(2) 13030/qt8x65r1kx. Published 2016 Feb 17.
380. Prieto Herman Reinehr C, Kalil CLPV, Bakos RM. Unusual case of rosacea fulminans after topical metronidazole
application. Int J Dermatol. 2019;58(6):e117–e118. doi:10.1111/ijd.14420.
381. Coutinho JC, Westphal DC, Lobato LC, Schettini AP, Santos M. Rosacea fulminans: unusual clinical presentation of
rosacea. An Bras Dermatol. 2016;91(5 suppl 1):151–153. doi:10.1590/abd1806-4841.20164943.
382. Errichetti E, Stinco G. Pyoderma faciale as a possible form of demodicosis in a subset of patients? New insights
from dermoscopic examination [published online ahead of print, 2020 Feb 10]. G Ital Dermatol Venereol. 2020
10.23736/S0392-0488.19.06452-6. doi:10.23736/S0392- 0488.19.06452- 6.
383. Kubanov A, Gallyamova Y, Kravchenko A. Clinical picture, diagnosis and treatment of rosacea, complicated by Demodex mites. Dermatol Reports. 2019;11(1):7675 Published 2019 Mar 28. doi:10.4081/dr.2019.7675.
384. Helm TN, Schechter J. Biopsy may help identify early pyoderma faciale (rosacea fulminans). Cutis.
2006;77(4):225–227.
385. Anavekar NS, Williams R, Chong AH. Facial Sweet’s syndrome mimicking rosacea fulminans. Australas J Dermatol.
2007;48(1):50–53. doi:10.1111/j.1440-0960.2007.00334.x.
386. Romiti R, Jansen T, Heldwein W, Plewig G. Rosacea fulminans in a patient with Crohn’s disease: a case report and
review of the literature. Acta Derm Venereol. 20 0 0;80(2):127–129.
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