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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 va- 

riety 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 dif- 

ferential 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 af- 

ter birth. Acne rosacea is a chronic, inflammatory, skin con- 

dition 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 se- 

vere and treatment of acne includes awareness of the poten- 

tial 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). Effort s 

should be directed at preventing acne-caused scars and de- 

pigmentation on the skin as well as emotional scars within 

the person suffering from acne. 

© 2020 Published by Elsevier Inc. 
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“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) . 

ntroduction: historical perspectives 

Acne has been known for millennia in human history and described in ancient Egyptian

haraohs while the term, acne , was coined by the ancient Greeks. 1 , 2 A term, Aku-t , was used

n the Egyptian Ebers Papyrus pharmacopeia (3400 BCE–1500 BCE) and referred to severe acne-

ike 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 fur-

her descriptions of acne in ancient Greek medicine. 1 , 2 Claudius Galen (130 CE–210 CE), the fa-

ous physician/surgeon to the ancient Roman emperors and gladiators, concluded that a cause

f acne was masturbation in teenagers with advice for youth to stop such a practice 4 , 5 ! 

Research over the past two millennia, especially in the past 150 years, has led to current un-

erstanding that acne vulgaris is a chronic, inflammatory disorder of the pilosebaceous units that

onsists of sebaceous glands with ducts and hair follicles; sebaceous glands are seen in increased

ensity in the face, chest, back, and upper arms. 6 , 7 Typically initiated at puberty (as identified

y Hippocrates!), the obstruction of the pilosebaceous units is affected by various factors that

nclude genetic issues and also how the person’s immune system reacts to inflammation. 6 , 7 

pidemiology 

Acne can be found in all ages (childhood, adolescence, adulthood); acne vulgaris is seen in

0% of children between 7 and 11 years of age, 90% of males 13–17 years of age, 80% of females

3–17 years of age, and severe acne is found in 10% of adolescents as well as young adults. 8-12

uch high disease prevalence leads to acne being the cause for 14% of primary care clinician

ffice requests and 27% of dermatology evaluations leading to a direct annual cost over $2 billion

n the United States. 8-12 

athogenesis 

The classic sine qua non of acne vulgaris pathogenesis involves three main constituents: se-

um, keratin plug, and microbial skin flora in a process influenced by various complex fac-

ors. 9-15 Keratinocytes are epidermal cells that secrete the fibrous protein called keratin. Skin

ebaceous glands produce sebum that is an oily substance secreted into hair follicles via the se-

aceous ducts; sebum is composed of about one-third wax esters and two-thirds triglycerides

long with steroid esters as well as squalene. The production of sebum is greatly influenced by

he 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 perifollic-

ular 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 chemo-

tactic 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 clin-

icians 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: micro-

comedo), 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 come-

dones 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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mmune mechanisms of acne vulgaris 

Once microcomedones form and accumulate sebum as well as keratinous debris, they may

rogress to closed and then open comedones; finally, pustules or inflammatory nodules may

lso develop. The inflammatory response may come about when comedones rupture and release

roinflammatory mediators into the dermis. At the heart of this inflammatory response seems

o be Cutibacterium acnes (as noted, formerly known as Propionibacterium acnes ). This weakly

ram-positive bacterium is considered part of the normal commensal skin flora and makes up

7% 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

hich also lower skin pH, thereby providing a barrier to pathogenic microbe infection involving

he follicle as well as perifollicular tissue. 24 , 25 The factors that tip C. acnes from a commensal

rganism to a pathogen have been researched extensively; for example, over the past decade,

enetic sequencing has demonstrated the existence of strains that are more frequently associated

ith acne. 22 , 25 , 26 

A number of mediators are involved in the acne pathogenesis and these include pro-

nflammatory lipids, cytokines and chemokines to stimulate bacterial antigens. 23-26 Research also

dentifies the involvement of neuropeptides and PPAR (peroxisome proliferator-activated recep-

or) ligands. Persons with acne are noted to have peripheral blood mononuclear cells (PBMCs)

hat include increase in interferon-gamma, and interleukins (IL-12p40 and IL-8). In addition, the

cne pathogenesis involves antimicrobial and proinflammatory cathelicidins; these are a family

f polypeptides located in lysosomes of macrophages and polymorphonuclear cells (PMNs) that

re 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

rone to develop acne may already have a pro-inflammatory milieu even before the develop-

ent of inflammatory lesions. 27 C. acnes can activate the innate immune system, especially in

he sebum-producing epithelial cells called sebocytes. 28 This can be recognized via toll-like re-

eptor 2, nod-like receptor (NLR) P1, NLRP3, NLRC4, and others; these factors cause the release

f proinflammatory cytokines such as interleukin (IL)-1 β , IL-12, and IL-18. 29 C. acnes can also

nduce IL-1 secretion by keratinocytes and macrophages in addition to activation of the adaptive

mmune response. 23 

The acne-associated strains of C. acnes may be better able to induce Th17 cells to secrete

roinflammatory cytokines such as IL-17 and interferon gamma, even at higher levels; in con-

rast, non-acne-associated strains stimulate production of IL-10, which is anti-inflammatory. 29 , 30

eutrophils recruited by IL-8 release lysosomal enzymes and reactive oxygen species that can

ead to tissue damage with further inflammation as well as injury. 23 , 30 Th1 cells are also quickly

ecruited to early acne lesions. 29 The C. acnes bacteria themselves can also release hyaluronidase,

ipases, and proteases, causing further damage. 22 

A 2004 study showed that patients who were prone to acne scarring had a small, mostly

emory T-cell response early on that then grew and persisted as lesions began to resolve. 31

n contrast, patients not prone to acne scarring had a more robust, non-specific T-cell early re-

ponse with peak activity at 48 h and quick resolution afterward. 31 Another study found that C.

cnes strains that were associated with healthy skin induced Th17 clones with good microbicidal

ctivity. In contrast, those associated with acne did not induce Th17 clones with a sufficiently

ffective response. 30 

There is a complex interplay of the pathogenicity of particular C. acnes strains and each pa-

ient’s unique immune response leading to the varied manifestations of acne severity. 31 The

eemingly central role of this microbe has prompted researchers to investigate the use of bac-

eriophages against C. acnes as a future treatment for acne. 32 Some authors have brought into

uestion the idea that C. acnes is the solely responsible pathogen in acne vulgaris. 33 Instead,

here may be a more complex disturbance in the balance of the skin microbiome in acne-

nvolved 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 rat-

ing, and genetics. Depending on these influences, there emerges the potential presence of post-

comedone, inflammatory acne vulgaris: papules (erythematous), pustules, nodules, and cysts;

there can also be scarring and depigmentation. These scars can be hypertrophic (keloid) or at-

rophic (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 insulin-

like 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 Evolv-

ing genetic studies also note that androgen receptor regulation is associated with acne sever-

ity. 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, in-

sulin, 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 pathogen-

esis 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 inflamma-

tory (papulopustular) acne that is influenced by local microbes (i.e., C. acnes , others), host im-

mune 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 diagnoses 6 , 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 
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bstructed follicles; further development results in pustules and cysts that are usually warm as

ell as painful. 

Various grading systems, such as the global acne grading system ( GAGS ), have been used by

esearchers as well as clinicians. 45-53 These systems continue to be developed that look at pri-

ary acne lesions (i.e., comedones, inflammatory acne lesions) and secondary acne lesions (i.e.,

igmentation changes, scars). Systems may depend on describing as well as counting lesions;

owever, counting can be difficult and different clinicians may use different standards. 54 Cur-

ent research is looking at grading systems that involve photography, smart phone technology,

rtificial 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 in-

olved, Grade II is 10% to 25%, Grade III is 25% to 50% and Grade IV is over 50%. 6 , 7 Grades V to

III can reflect inflammatory acne that involves the face in a pattern similar to that noted with

rades I-IV with comedonal acne. Other systems may note Grade I as comedonal acne, Grade II

s early inflammatory acne, Grade III as moderate inflammatory acne with pustules and Grade

V as severe inflammatory acne that is generalized with papules, pustules, cysts (nodulocystic

cne), scarring and skin depigmentation. Other body parts can be involved including the neck,

hest and back. 

Also, other scoring systems are used around the world such as the Investigator’s Static Global

ssessment Scale. 62 Another system (face and trunk can be scored separately) looks at 0 as mi-

rocomedones (comedones < 2 mm diameter; 1 or minor : comedones 2 mm or greater ( < 10); 2

r mild : 10 to 20 comedones that are pustular or non-pustular; 3 or moderate : > 20 comedones

r < 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 Acne a 

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 combination OR 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 indi-

vidualized 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 wash-

ing 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

kin since it may irritate the skin leading to acne mechanica; also, clinicians can look for pomade

cne, occupational acne, chemical acne and other such situations with various irritants (see later

iscussion). Avoid the underlying issue if possible (i.e., oils, grease, others). 

Advise the avoidance of irritating the skin with application of mechanical abrasives, alcohol,

nd astringents. Provide guidance to youth that acne is not due to “dirty” skin and that it is

ot a shameful disease, but a complex condition affecting billions of human beings. Oil-free or

ater-based cosmetics can be applied carefully and patients should avoid oily creams as well as

ther agents that irritate the skin. Youth should avoid injuring the acne lesions by squeezing or

therwise damaging the skin to add further infection. A comedone extractor can be useful for

linicians and patients to remove some of these lesions. 

iet and acne 

Diet is usually not the cause of acne but some persons will provide anecdotal opinions that

ertain foods can worsen their acne; these include greasy foods, chocolate, nuts and others. 65

ong touted in lay circles, avoidance of milk and high glycemic load foods in the diet has come

o be supported in the last few decades by some evidence. This may be related to the increased

evels of insulin-like growth factor 1 (IGF-1) found in patients with dairy/glycemic-heavy diets,

nd could be yet another manifestation of insulin resistance. 66-69 Also, the role of diet with acne

s 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 inci-

ence among different populations living in the same area but who have vastly different diets;

lso, there is evidence of acne incidence in a population before and after adoption of the “West-

rn” diet. 70 Indeed, there have been a few small clinical trials of low glycemic-load diet with

romising results. 71 Research also continues to study various other dietary issues that include

he potential role of vitamin A and E as lipid-soluble antioxidants as well as the role of omega-

-fatty acids. 66 

edications and acne 

General comments on anti-acne medications are now provided and then many of these med-

cations are covered individually. A wide variety of anti-acne medications have been identified

nd utilized in various management regimens as the 20th century proceeded; examples in-

lude benzoyl peroxide in the 1920s, tretinoin in the 1970s, and oral isotretinoin in the 1980s 6 , 7

 Table 2 ). Recommendations for acne treatment are generally based on expert opinion or con-

ensus reports that may change from time to time. 72 , 73 More evidence-based studies are needed

o 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

ild to moderate acne; this includes topical retinoids (i.e., tretinoin, adapalene, tazarotene),

enzoyl peroxide, azelaic acid, and others ( Table 2 ). 73 , 74 Topical retinoids are often the choice

f many clinicians for acute and long-term acne treatment. 14 , 20 The cost of these various drugs

ust be considered as well and may prohibit use of newer agents in monotherapy or combined

herapy. 

Various over-the-counter topical agents are available that include benzoyl peroxide, resorci-

ol, and sulfur. Side effects of these agents (i.e., retinoids, benzoyl peroxide) are mild to moder-

te 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

kin irritation and may need to be gradually titrated from every other day to daily use. A pea-

ized amount of the topical agent is placed on a finger, split into four parts of the face, and a

hin amount applied gently over the acne affected areas. Hypersensitivity reactions are consid-

red 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 med-

ications 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 der-

matologists 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 antibi-

otics). 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 up-

set and may be associated with dysbiotic side effects including candidal infections or gram-

negative 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 ma-

jor 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 excel-

lent 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 
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953 and benzoyl peroxide (BPO) was firmly seen as an essential aspect of acne management in

he 1970s. 81 , 82 BPO has been listed as part of the World Health Organization Model of Essential

edicines, listed by the U.S. FDA as a GRASE (generally regarded as safe and effective) medica-

ion, and has become a commonly used medication for acne vulgaris treatment with or without

ther medications. 6 , 7 , 73 , 83 

BPO is a member of the peroxide family having two benzoyl groups joined with a peroxide

ink and placed in various formulations: cream, gel, foam, wash or soap. 84 BPO topical agents

an be variable concentrations: 2.5%, 5% and 10%; soaps can be a 5% or 10% wash useful for large

reas such as back acne. Benzoyl peroxide is also found in various combinations with different

hemicals such as adapalene, salicylic acid, sulfur, vitamin A and antibiotics (i.e., erythromycin

r clindamycin). 83 , 85-87 

Benzoyl peroxide application on the acne skin leads to dehiscence of keratin with

esquamation—thus providing beneficial comedolytic effects for comedonal acne. This chemi-

al also provides anti-acne effects that are anti-inflammatory and antimicrobial (bacteriostatic)

long with decrease of free fatty acid levels in the skin; also, there is reduction of local bac-

eria, increased skin turnover and clearing of pores. 81 , 88 , 89 BPO is useful for mild inflammatory

nd comedonal acne vulgaris. Comparison between different groups reveals similar efficacy and

afety. 90 An important anti-acne action seen with benzoyl peroxide (as well as hydrogen perox-

de) is the induction of oxidative stress that upregulates p53 (tumor protein p53) that is a tumor

uppressor gene. 91 As noted later, the transcription factor p53 is an important effector of other

nti-acne medications as well. 91 

Side effects of benzoyl peroxide are noted in Table 3 and its dermal irritation may lead

o patient withdrawal or non-compliance with this medication. 75 , 89 Liquid and cream formu-

ations tend to be less irritating than gel formulations; however, benzoyl peroxide gels are

sually more beneficial for acne treatment. Also, water-based gels are less irritating than ace-

one or alcohol-based gels. Research is looking at nanocrystalline benzoyl peroxide prepara-

ions to minimize irritation of the stratum corneum and thus, less irritation by the benzoyl

eroxide. 90 

One commonly utilized application method is to begin with 5% BPO in a thin-layer (i.e., pea-

ized) and for a few hours a day or every other day for a brief period of time as tolerated. Then,

ontinue with a gradual build-up plan as tolerated to an overnight application and eventually

pply two times a day. Such a plan carefully seeks to provide tolerable dryness with peeling

ut avoid discomfort (i.e., excessive erythema, cracking, or chapping). Eventually, a 10% benzoyl

eroxide is applied in a careful manner and combination products may be beneficial for those

ot helped with BPO alone. 

As considered later, BPO can be added to the use of oral antibiotics with moderate to severe

cne to help deal with the increasing antibiotic resistance that has arisen; a topical retinoid

an be used in this situation as well with or without the benzoyl peroxide and the topical/oral

ntibiotic 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 (RAR α, RAR β , and RAR γ ) 

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-the-

counter 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 Düs-

seldorf (Germany) and P. Beer in Basel (Switzerland), independently in 1962, identified dermato-

logical 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 third-

generational retinoids adapalene and tazarotene—considered next. 99 The novel fourth genera-

tional 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 manage-

ment for various conditions that include acne, stretch marks, aging-related wrinkling (photo-

damage), 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 Top-

ical 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 Topi-

cal 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 per-

sons 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 thera-

peutic 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 tretinoin 103-106 . 

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. 
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Potential adverse effects of tretinoin are noted in Table 5 . 103-106 Dermatologic side effects

ay be decreased using lower potency formulations and a gradual increase in use of tretinoin

roducts is recommended along with appropriate sunscreen for exposure to the sun—as sug-

ested for benzoyl peroxide. 6 , 7 , 101 Also helpful in deceasing local skin effects from topical

etinoids 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

s well as allowing a delay of 30–45 min between cleaning the face and topical tretinoin appli-

ation. Many patients note that the liquid or solution forms of tretinoin are the preparations

ost irritating to the skin. As noted with benzoyl peroxide applications, use a gradual applica-

ion process for topical tretinoin, as for example, once every second or third day to every day

s tolerated. If combining tretinoin with BPO preparations, use caution and various plans are

een in this regard—such as use of tretinoin at night and BPO in the morning. Effects of topical

etinoids 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

omedones leading to a transient or temporary pustular rash within two to three weeks of ini-

iation; this may occur in approximately half of individuals and some stop the medication with

oncerns that the acne medication is making their skin condition worse. As noted in Table 5 ,

he skin should be dry after tretinoin application before coming into contact with materials that

ay be stained or bleached by the medication. 

A tretinoin 0.05% lotion has been well tolerated in pre-adolescents, adolescents and adults

ith acne vulgaris (moderate and severe) with reduced side-effects. 107-109 New nanotechnology

n topical tretinoid preparations also reduce skin irritation adverse effects as well and can target

he pilosebaceous unit with this medication versus the surrounding dermal tissue; these new

elivery systems involve nanostructured polymers as well as lipid carriers, cyclodextrins, nio-

omes, solid lipid nanoparticles (SLNs), and liposomes. 105 , 106 , 110 

etinoids: adapalene 

As a third generation, anti-inflammatory retinoid, topical adapalene is among the best-

olerated topical retinoids including when used for acne patients with skin of color. 100 , 104 , 111-113

dapalene is used for treatment of acne vulgaris, keratosis pilaris, verruca vulgaris, Darier dis-

ase, photoaging, pigmentary disorders, molluscum contagiosum, alopecia areata and other con-

itions. 112 Adapalene was approved by the U.S. FDA in 1996 for management of acne vulgaris; it

an 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 ago-

nists, 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 ir-

ritating 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 be- 

fore, 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 dam-

age, and psoriasis. 124-126 The 0.1% foam tazarotene was approved by the U.S. FDA for manage- 

ment 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 ad-

verse 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 re-

ceptor and can be utilized for acne vulgaris. 130-132 As more research is published on fourth gen-

erational retinoids, clinicians must deal with medication cost as well as individual patient toler-

ance 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 bar-

ley; 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 downregu- 

lates antimicrobial and proinflammatory cathelicidins that are part of the complex immune sys-
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em. 21 Azelaic acid’s anti-acne effect also involves mitochondrial changes that are linked with

ncrease (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

arious 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

olerated. 134 Adverse effects, though typically transient, include skin stinging, burning, tingling

nd/or itching. Azelaic acid 15% foam,alone or in combination with tretinoin lotion (0.05%), can

e used for facial as well as truncal acne that can be seen with half of those with facial acne

ulgaris and sometimes limited to the trunk. 136 , 137 A 30% azelaic acid peel is also utilized for

cne vulgaris management. 138 

Hypopigmentation has been reported after its use (especially with dark skin); however, aze-

aic acid is also utilized to treat skin pigmentation diseases (i.e., postinflammatory hyperpigmen-

ation) because it decreases melanin production as a tyrosinase inhibitor. 133 , 139 Indeed, a major

enefit of this topical agent is improvement of hyperpigmented lesions of the skin. 139 

ntibiotics 

verview 

Utilization of antibiotics are provided for mild to moderate acne vulgaris characterized by

nflammatory skin disease with or without overt cystic disease; typically, antibiotic therapy is

ombined with other drugs such as topical retinoids and/or BPO ( Table 2 ). 83 , 93 , 140 , 141 Topical

ntibiotics have been used for mild to moderate acne vulgaris that includes mixed inflammatory

nd comedonal acne. 

Benefit may arise from use of antibiotics because of various mechanisms that include sup-

ression of Cutibacterium acnes in the skin, inhibition of bacterial lipase and inhibition of mi-

ration of neutrophils via enhancement of chemotaxis. Oral antibiotics (i.e., tetracycline, ery-

hromycin, doxycycline, and minocycline) may take several weeks (i.e., 6–8 weeks) to allow one

o see clear benefit but should be used only up to 3 months to lower antibiotic resistance de-

elopment. 

Topical antibiotics include erythromycin and clindamycin; the gel form may be more ben-

ficial for those with oily skin. Minocycline foam may be beneficial for some persons with

cne 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

o skin irritation and dryness. Failure of improvement with use of antibiotics for acne vulgaris

ay develop because of antibiotic resistance that is now considered. 

ntibiotic resistance 

A growing problem is bacterial resistance (over 50% in some countries to topical macrolides)

ncluding multi-drug resistance especially seen with erythromycin (with cross-resistance to clin-

amycin and other macrolide antibiotics); it can also be found somewhat with tetracycline (less

o doxycycline, minocycline and levofloxacin). 142 

In order to provide increased control of this complication, clinicians should seek to avoid pre-

cribing antibiotics (oral or systemic) for over 3 months. One should also be aware of resistance

atterns in one’s local area and prescribe with this in mind. For example, if erythromycin re-

istance is common, use it for those not yet treated for acne as their skin may not yet contain

uch resistant organisms. Oral clindamycin should not be prescribed for acne vulgaris because of

he risk of developing colitis; pseudomembranous enterocolitis has rarely been a complication

f topical clindamycin as well. 

Topical antibiotics should not be used for more than 3 months nor combined with the same

ntibiotic in oral formulation in order to lower the risk for antibiotic resistance; this is partic-

larly noted with topical clindamycin and erythromycin. Other ways to decrease such Cutibac-

erium 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 therapy 142 . 

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 Poor compliance with taking medication 

2 Concern with medication side effects 

3 Absorption problems 

4 Antibiotic resistance 

5 Persistence of deep nodular lesions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i.e., BPO with erythromycin or BPO with clindamycin). Clinicians should avoid using topical an-

tibiotics as monotherapy for acne vulgaris and they should be part of a combination manage-

ment 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. 
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 

https://doi.org/10.1016/j.disamonth.2020.101103


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

ARTICLE IN PRESS 

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

Table 8 

Potential side effects of tetracycline. 

1 Allergic reactions 

2 Anemia (hemolytic) 

3 Bacterial resistance 

4 Esophagitis 

5 Gastrointestinal irritation 

6 Gram-negative folliculitis (especially about the nose in those with chronic use) 

7 Headache 

8 Increase in blood urea nitrogen (often transient) 

9 Inhibition of leukocytosis during acute infections 

10 Leukopenia (typically transient) 

11 Elevation of liver enzymes (typically transient) 

12 Photo-onycholysis – separation of the nail from its plate after sun exposure (rare) 

13 Photosensitivity 

14 Pseudotumor cerebri (idiopathic intracranial hypertension) 

15 Teeth discoloration (avoid tetracycline if under 9 years of age) 

16 Vaginitis (monilial) 
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Those under 9 years of age should not take TCN since enamel defects may occur in un-

rupted teeth and it can be deposited in teeth as well as bones of the fetus if the mother

akes TCN while pregnant. TCN is contraindicated in pregnancy and situations of pregnancy have

necdotally been reported in some females on TCN and oral contraceptives (OCs); interference

f TCN with oral contraception due to TCN interference with OC efficacy because of effects on

astrointestinal flora remains controversial. TCN-induced monilial vaginitis usually responds to

nti-fungal medication. 

ral erythromycin 

Another commonly prescribed oral antibiotic for inflammatory acne is erythromycin tablets in

 daily dosage range of 500 mg to 20 0 0 mg. No age restrictions are noted (as per TCN) but side

ffects may occur that include gastric irritation (especially if taken on an empty stomach such

s one hour before a meal), nausea, and diarrhea. Enteric-coated erythromycin may decrease

dverse gastrointestinal effects. 

ral doxycycline 

Doxycycline (100 mg twice daily with maintenance dosage of 50 mg twice day or 100 mg

aily) is used for management of acne and has adverse effects similar to TCN ( Table 8 ). There

ends to be less staining of teeth though it should be avoided in those under 9 years of age.

ommon problems include gastrointestinal irritation, photosensitivity and photo-onycholysis.

ess antibiotic resistance is reported with such preparations as doxycycline MR and doxycy-

line 20 mg that are sub-antimicrobial; they involve down-regulation of antimicrobial and pro-

nflammatory cathelicidins as seen with azelaic acid. 142 

ral minocycline 

Minocycline is given orally at a dose of 50 to 100 mg twice a day with a daily range of

0 mg to 300 mg. Advise oral consumption with an empty stomach and do not take with dairy

roducts. There is an age limitation of age 9. It should be seen as a second-tier oral antibiotic

or acne vulgaris due to its high price and side effect profile that includes such life-threatening

onditions 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 dap-

one and less commonly, NSAIDs (non-steroidal anti-inflammatory drugs), hydroxychloroquine

nd 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 Autoimmune hepatitis 

b Serum-sickness-like reaction 

c Lupus-like syndrome 

d Hypersensitivity syndrome 

e Vasculitis 

f 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 trimethoprim-

sulfamethoxazole. 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 defi-

ciency (G6PD). 

Cephalexin 

Dosage of cephalexin for inflammatory acne vulgaris is 250–500 mg twice a day. Gastroin-

testinal 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 creamy-

white 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 hy-

persensitivity 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 vul-

garis 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 effects 91 

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 ( P a . acnes ) 

Increases levels of dermicidin (DCD) (antimicrobial peptide of eccrine/sebaceous glands); also called 

proteolysis-inducing factor (PIF) 160 

a DEG: (C. acnes) 

f  

i

 

e  

w  

e  

a  

a

I

 

f  

t  

T  

o  

i

 

t  

m  

a  

a  

m  

w

 

m  

s  

r  

m  

c

ree testosterone levels. OCs can be utilized as adjuvant management for acne vulgaris especially

n a sexually active female. 14 , 66 

Low androgenic progestin type OCs are recommended that include norgestimate with ethinyl

stradiol that is FDA-approved for acne vulgaris treatment; others contain norethindrone acetate

ith ethinyl estradiol and drospirenone with ethinyl estradiol. 148-152 Other effective OCs include

thinyl estradiol combined with chlormadinone acetate that is seen in Europe. 151 Females who

re sexually active and have acne may have worsening of their acne if given such contraceptives

s long-acting progestin implants or depo-medroxy-progesterone acetate (Depo-Provera). 152 

sotretinoin (13-cis-retinoic acid) 

Isotretinoin (Accutane; others) is a derived from vitamin A and has been used since the 1980s

or management of a variety of skin conditions ( Table 11 ). 153-159 Its precise mechanism of ac-

ion is under research but proposed reasons for its positive effects on disorders are noted in

able 12 . 153 , 157 , 159 , 160 It can induce a permanent acne remission even though its actual effects

n sebum production are temporary. Isotretinoin can be used for a variety of patients with acne

ncluding 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)

hat is taken over a two-times a day regimen; it is then taken for 15 to 24 weeks—up to 9

onths. It has a short half-life and is cleared from the body in a few days. Studies suggest that

cne improvement is usually noted with an accumulative dose of 100 to 150 mg per kilogram

nd that a second course sometimes is needed after the patient has been off isotretinoin for

ore than 2 months. Research also notes that most persons have substantial acne improvement

ith at least 40% having full resolution of their acne. 72 

The side effect profile, as noted below, is considerable ( Table 13 ) and various treatment regi-

ens now suggest using half the regular dose or other low isotretinoin plans to reduce this sub-

tantial adverse effect profile; however, a lower dose of this medication may result in increased

elapse rates of acne after isotretinoin is stopped. Combining isotretinoin with an antihistamine

ay improve its efficacy and lower adverse effects. 157 The side effect profile of oral isotretinoin

an 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 ad-

verse 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 reli-

able birth control before being prescribed this agent. It also commonly causes dry mucus mem-

branes 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 in-

tracranial hypertension (pseuodotumor cerebri) and other conditions ( Table 13 ). 153 

There can be considerable rise in triglycerides that is especially noted in persons with di-

abetes 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 disor-

ders 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, con-

sumption 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 pseudo-

tumor cerebri. Taking vitamin A supplements may augment this toxic risk as well; also, consum-

ing high isotretinoin doses may lead to toxicity that resembles that seen in vitamin A toxicity.

The isotretinoin gelatin capsule contains paraben and thus, allergy to paraben would be a con-
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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 
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raindication to taking isotretinoin. Issues of depression, suicidality and also teratogenicity are

onsidered in the next sections. 154 

aring for the isotretinoin patient 

Before initiating the isotretinoin for a patient, the clinician should obtain some testing; these

nclude a complete blood count (CBC), chemistry profile with liver function testing, and fast-

ng lipid profile (i.e., triglycerides and cholesterol). A repeat CBC and chemistry profile is often

erformed at 4–6 weeks into medication use. 

Cheilitis may be improved with frequent application of white petrolatum to the lips that may

e even hourly application with or without use of hydrocortisone application (1% or stronger

ormulation). Xerosis of the skin may be helped with applying lipid-free moisturizers or lotions

hat do not negatively affect the acne. Drops of artificial tears are provided for ocular dryness

nd sunscreens (i.e., oil-free, non-acnegenic base) are used to decreased the risk of photosensi-

ivity. 

Isotretinoin-induced, pyogenic granuloma-like lesions may appear and if they are not helped

ith use of steroid application, the isotretinoin is stopped. The development of nasal infec-

ion with Staphylococcus aureus may be reduced with application of antibiotic ointment (i.e.,

upirocin 2%) to the nares twice daily; however, if overt infection occurs, active antibiotic treat-

ent as needed is important to deal with what may become a serious infection. 

sotretinoin teratogenicity 

It is very important for the patient and clinician to understand that isotretinoin is a ma-

or teratogenic drug ( Table 14 ) and is contraindicated in pregnancy; it is classified with a U.S.

DA Pregnancy Category X. Taking isotretinoin during pregnancy leads to a 25-fold increase in

eratogenicity that can include mental subnormality in 50% even without external defect evi-
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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 ter-

atogenicity 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 medi-

cation. 

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 sui-

cide 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 de-

bated 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 andro-

gens 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 hyperandro-

genemia. 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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a  
imetidine, spironolactone, or cyproterone acetate), and GnRH (gonadotropin-releasing hormone)

gonists. If acne is worsened on these or other drugs ( Table 15 ), consider use of alternative

edications with less acne-inducing or acneiform effects. Conditions that are co-morbid and/or

art of the acne differential diagnosis list are considered later in this discussion ( Table 1 ). 

ehavioral aspects of acne management 

One aspect of caring for patients with acne disorders that clinicians should always remember

s the mental health or psychosocial consequences that acne may induce including depression;

ndeed, depression is a common problem for many human beings and certainly those dealing

ith facial acne. 165 , 169-171 As adolescents seek to deal with normal aspects of growth that in-

ludes acquiring a sense of self-esteem, being different from others because of facial lesions can

ead to various emotions of sadness, shame, anger, guilt, anxiety and other issues of depression

s well as social anxiety. 170-177 Various testing can reveal such issues as severity of acne via the

lobal 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

ave some degree of facial scaring that can further threaten one’s sense of self-esteem in a so-

iety often obsessed with external beauty. 182 , 183 The quality of life can be diminished in those

ith acne, especially if severe, long-lasting, involves peer victimization, and some research sug-

est 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

otential of major psychosocial consequences in this adult that can last a lifetime or even con-

ribute to suicidality. It is very important that the clinician caring for those with such dermato-

ogical 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

ver the skin condition, it is prudent for the caring clinician to inquire about it. It can be chal-

enging for clinicians to link depression or anxiety to the acne itself and/or other issues in the

atient’s life. Stress, for example, can be triggered by rise in androgens, challenges of school or

ork, family dysfunction, infectious disease pandemics (epidemics) and other issues. 

Suicidality may arise from various complex factors of which negative feelings about one’s

elf-esteem are part of the overall picture of why one is depressed, anxious, and/or even contem-

lating self-harm. A careful psychological or behavior assessment may reveal various problems

hat can include major depressive disorder and various anxiety disorders in addition to less com-

on mental health disorders such as body dysmorphic disorder and acne excoriée. 186-191 Mental

ealth issues may rise to the extent that therapy and/or pharmacotherapy are needed. 191-193 

cne excoriée 

Acne excoriée identifies the presence of acneiform lesions found on the face and other ar-

as of the body that are due to intentional self-injury of a person on the skin that can initially

e normal or abnormal. 194 , 195 A variety of self-injury practices may occur with a differential

iagnosis of factitial dermatoses listed in Table 16 . 194-202 The person with acne excoriée (acne

xcoriée des jeunes filles Brocq; skin picking disorder) may be seen with many excoriated or

cneiform lesions on various body parts, such as the face, upper arms, forearms, chest and oth-

rs; also, there may or may not be a history of previous lesions such as acne. There may be a

istory of depression, obsessive-compulsive disorder, psychosis and/or other mental health dis-

rders. 194 The person with acne excoriée develops an uncontrollable urge for self-mutilation and

hus, management includes mental health approaches for the self-injury and not just providing

ermatologic management per se. 195 

A typical feature of the person with acne excoriée is the absence of concern or complaints

bout 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 Chemical peels 

b Laser treatment 

c Light therapy 

d 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 insou-

ciance about these lesions that typically do not improve nor heal in spite of appropriate derma-

tological treatment; also, the lesions may not follow customary or known patterns of physiolog-

ical 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 evalua-

tion is a careful medical as well as mental health history along with an assiduous examina-

tion including mental health evaluation. Depending on the underlying issues, treatment may

involve dermatological therapy, habit reversal training, psychotherapy, and/or psychopharma- 

cologic 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 insulin-

sensitizing 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 acnes 212 , 213 
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Cryotherapy (cryospray; cryosurgery) can be effective in treating acne lesions (including acne

cars) and this can involve application of liquid nitrogen with a cotton swab; Coherent Anti-

tokes Raman Scattering (CARS) microscopy is being utilized to study the sebaceous gland and its

omplex role in such disorders as acne . 214 

urgery 

Those with severe cystic acne vulgaris with thick-walled cysts can be helped with intra-cyst

teroid injection with triamcinolone acetonide as well as with incision and drainage (I & D).

roper removal (comedo extraction) of acne lesions is important such as a recently noted surgi-

al method to use tweezers to widen hair follicles and allow remove of comedones. 215 

car management 

Intralesional steroid injection can be used to treat acne scars while scars can also be im-

roved with a chemical peel, dermabrasion, or collagen injection. 13 , 209 , 210 , 214 See Table 17 . 

hotodynamic therapy (PDT) 

PDT (photodynamic therapy) involves killing specific cells in the pilosebaceous units utilizing

olecular oxygen, a photosensitizer and a light source for management of inflammatory acne

ulgaris. 216-219 There is no evidence that ultraviolet light (UV) therapy is efficacious for acne

ulgaris; however, there is evidence that it can induce skin aging and possibly melanoma devel-

pment. 66 , 220 

ight and laser treatments 

Research continues to be limited in establishing benefits in acne for use of light/laser treat-

ents utilizing red light (MAL-PDT) or blue light (ALA-PDT). 66 , 220 , 221 

regnancy and acne 

Management of acne in pregnant females is based on limited data; however, it should be kept

n mind that anti-acne medications can be teratogenic, such as oral isotretinoin. 6 , 7 , 153 , 154 , 158 , 226

se of topical agents is the first recommendation for management including BPO or azelaic acid;

alicylic acid is also used by some clinicians. 226-229 Topical antibiotics (i.e., erythromycin or clin-

amycin) can be used with BPO if needed for moderate to severe inflammatory disease; oral

ntibiotics (i.e., erythromycin, cephalexin) can be taken but not over several weeks nor used as

onotherapy. 226 

Topical retinoids are typically avoided (contraindicated) during pregnancy while var-

ous oral antibiotics are avoided as well: tetracyclines, fluoroquinolones, and trimetho-

rim/sulfamethoxazole (co-trimoxazole). 75 , 227 As noted previously, tretinoin and adapalene have

 U.S. FDA pregnancy category of C versus X for tazarotene. 75 Oral prednisolone can be taken

fter the first trimester for severe nodular cystic (fulminant) acne. 226 Some use blue-violet/red

ight phototherapy or laser therapy as well. 227 , 228 

cne 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

steemed English writer, Geoffrey Chaucer (1345–1400), provides a classic description of acne

osacea 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, typi-

cally 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 in-

flammatory and vascular factors because of immune dysfunction. 236 It is thought that dysfunc-

tion 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 dysregula-

tion of mediators and receptors that are important players in neuroimmune and neurovascular

communication features; abnormal release of important neuromediators may induce a neuro-

genic 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 well 2 increased levels of SCTEs or stratum corneum tryptic enzymes; SCTEs are
2 DEG: persons as well as increased levels.... It is "as well as" and not as wells.." 

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 

https://doi.org/10.1016/j.disamonth.2020.101103


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

ARTICLE IN PRESS 

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

a  

a

 

a  

t  

c  

f  

r

 

h  

m  

e  

b

 

e  

(  

e  

c  

s

 

p  

t  

f  

i  

s

 

l  

t  

c  

f  

l  

r

R

 

i  

l  

o  

r  

p  

t

 

c  

c  

t  

o

 

o  

b  

p  

A  

k  
 key aspect of the human skin desquamation process that allows the production of corneocytes

s well as their shedding from the skin. 

Some of the affected aspects of the innate immune system are the toll-like receptors (TLRs)

nd the nod-like receptors (NLRs). Normally, when these receptors are stimulated by a pathogen,

here is an increase in antimicrobial peptides such as cathelicidins. In patients with rosacea,

athelicidin levels have been found to be abnormally high, in addition to being of a slightly dif-

erent form than that found in patients without rosacea; those from rosacea patients stimulated

elease of IL-8 from keratinocytes. 237 

Due to the vasoactive and proinflammatory functions of this peptide, increased levels can

elp stimulate some of the characteristic features of rosacea such as telangiectasia and inflam-

atory nodules. 238 These increased cathelicidin levels may be partially induced by altered TLR2

xpression in the skin of patients with rosacea, making it more susceptible to stimulation by

oth 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 mod-

ls. 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

xpressed in a patient, this can lead to increased or decreased levels of the proinflammatory

ytokine IL6 and matrix metalloproteinase 1, which are involved in the inflammatory skin re-

ponse. 238 

Additionally, it is thought that Demodex folliculorum , a mite found in pilosebaceous units, may

lay a role as a trigger of rosacea inflammation. 238 They are found in greater concentration on

he skin of patients with rosacea than without rosacea. 239 This species of the face mite ( Demodex

olliculorum ) increases in the early adolescent years in association with sebaceous gland growth;

ndeed, this face mite is found in augmented concentrations in the facial center and utilizes

ebaceous 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 iso-

ated from D. folliculorum, Bacillus oleronius , may provide a link between the Demodex mite and

he immune system; indeed, an in vitro study showed a much larger percentage of mononu-

lear cells from rosacea patients reacting to B. oleronius antigens than did the mononuclear cells

rom healthy controls. 240 There is less robust evidence for a potential role of Helicobacter py-

ori, Staphylococcus epidermidis, Chlamydia pneumoniae , and other bacteria in the pathogenesis of

osacea through interactions with the innate immune system. 241-244 

osacea pathophysiology: final comments 

Though still debated, current research links this skin condition with a number of factors that

nclude genetic, vascular, inflammatory, environmental, and/or microbial features. The infectious

inks include Helicobacter pylori and, as noted, Demodex folliculorum ; the growth and colonization

f microbes such as Demodex folliculorum that can result in the inflammation that is part of the

osacea pathology with papules, pustules and granulomas. 241-247 As already identified, in some

ersons with a light skin (phototype), there is sensitivity to a number of climate changes with

hose having rosacea. 6 , 233 , 245 

Others with acne rosacea have genetic factors that are involved with regard to primary vas-

ular conditions (anomalies) that can be affected by a number of issues that include skin flora,

limate changes and/or UV ray exposure. An important stimulating factor for some is exposure

o reactive oxygen species—i.e., superoxide and hydroxyl radicals, hydrogen peroxide, and singlet

xygen. 

Another aspect in helping one gain knowledge and understanding of acne rosacea is research

n the connections between the immune, nervous, and cutaneous vascular systems in human

eings. 247 , 248 Some persons with acne rosacea develop skin fibrosis and this link denotes an im-

ortant association between chronic inflammatory mechanisms and the presence of skin fibrosis.

nother key factor is TGF- β1 (transforming growth factor β1) that is a protein controlling such

ey functions as differentiation and proliferation issues in cells as well as other cellular func-
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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 Clindamycin 

b Benzoyl peroxide 

c Permethrin 

d 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- β1 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 ery-

thema, 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 cy-

tokines. 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 utiliza-

tion of doxycycline (40 mg) and topical azelaic acid (15% gel) as well as topical metronida-

zole. 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 doxy-

cycline. 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% sul-

fur (emollient foam). Second-line medications for acne rosacea include BPO, permethrin, clin-

damycin 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 prod-

ucts. 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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nd intense pulsed light) can be utilized for management of erythematous or red skin and

elangiectasia—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

ith the disturbing nasal appearance of rhinophyma. 259 Surgery may also be needed because of

osmetic concerns in addition to potential airway obstruction and/or eating difficulties. 259 

cne variants 

Table 1 lists a variety of acne variants that are part of the differential diagnosis as well as

o-morbid conditions to acne vulgaris. These conditions are now considered. 

cne neonatorum 

The skin microbiome becomes more complex and diverse as the newborn era gives way to

he infantile era and beyond into childhood, adolescence and adulthood; as this system ma-

ures, the immune system also changes in complex patterns intertwined with cutaneous mi-

robes. 260 , 261 This changing young skin barrier and its dermal microbiomes become involved in

iverse 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

nduced by neonatal as well as maternal androgens with resultant increased sebum secretion

rom sebaceous glands which are typically sensitive to androgen stimulation. 34 , 262-268 Neonatal

cne is more common in males versus females by a 5:1 ratio in which neonatal androgens come

rom the adrenal glands as well as testes in males and adrenal glands in females. 34 , 262 Acne

eonatorum can be observed to some extent in as many 1 in 5 newborns and has been linked

y some experts as an inflammatory reaction to Malassezia furfur , a saprophytic yeast that can

e part of the skin microbiome. 269 

In neonatal acne, there can be whiteheads, blackheads and even inflammatory papules as

ell as pustules typically on the forehead and malar regions (cheeks). Usually the course is

ild with resolution over 4–12 weeks without treatment and no scarring; it does not typically

uggest later increased risks for adolescent acne vulgaris. 13 , 262 , 268 However, some literature sug-

ests there is a link with a positive family history for acne vulgaris. 266 In one series of 22 new-

orns, the mean age of onset was 3 weeks and the mean duration of the acne neonatorum was

 months. 267 In cases of severe acne neonatorum and/or acne recalcitrant to intervention, eval-

ation 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, consul-

ation with experts in dermatology is suggested for complex and/or recalcitrant cases. 262 How-

ver, the basic differential diagnosis of acne neonatorum includes erythema toxicum neonatorum

ETN; toxic erythema of the newborn), neonatal cephalic pustulosis (NCP), folliculitis, and tran-

ient neonatal pustular melanosis (TNPM). 262 , 270-272 Though some of these conditions can be

uspected 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 disap-

earance in a week—hours to several days) that is seen as red (erythematous) lesions (macules,

apules, pustules) on the body (i.e., face, trunk, extremities). 271 ETN represents an immune re-

ponse in the young skin as normal bacterial flora are being established. It was first described

y the 15th century German physician, Bartholomäus Metlinger, in 1472 and named by Aus-

rian pediatrician Karl Leiner in 1912. 272 , 273 A Tzanck smear of lesions reveals eosinophils and

o 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

eing stimulated by maternal/infant androgens and hypersensitivity to Malassezia furfur has been

dentified as a possible cause for NCP. 262 , 271 , 272 Tiny papules and vesicles on an erythematous

ase can be seen on the forehead and cheeks; comedones are not present. 262 
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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 be-

cause 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. Sponta-

neous 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 sug-

gest 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 neona-

torum 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 in-

creased 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, scar-

ring. 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, inflam-

matory, 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; in-

flammatory 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 
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cne conglobata 

There are a number of rare or less common acne disorders that are often difficult to manage

nd can be associated with various other disorders in sometimes complex as well as confusing

atterns. 289 Some of these acne, acne-like, and acnegenic conditions are considered now and

onsultation with dermatology as well as other appropriate experts is suggested for complex

nd/or resistant-to-treatment conditions. 

Acne conglobata (Latin: conglobate : to form into a ball or globe) is a classic example of these

rduous, even ambiguous, acneiform conditions; it presents as a chronic, severe nodulocystic

cne with deep, interconecting abscesses and cysts containing purulent contents that drain onto

he skin. 290-292 Acne conglobata results in considerable scarring potentially leading to much psy-

hologial sequelae and clinicians can learn much from those with this disorder that also write

bout it—as poignantly presented in the autobiography of the acclaimed German-American poet,

harles Bukowski (1920–1994). 293 

Acne conglobata can present at any age from infancy to adulthood, though it is more com-

only seen in adults. 283 , 290 The lesions—comedones typically in groups of three, cysts, nodules,

bscesses—may arise quickly after the patient’s acne worsens or may slowly emerge in a peron

hose acne was stagnant for some time. 290 It can have a broad distribution of lesions found

n the face, scalp, chest, extremities (upper arms, shoulders, thighs), axillae, buttocks and/or

roin. 290-292 

The cause of acne conglobata is not clear but research is developing increasing data in this

egard. It is listed as part of the follicular occlusion triad that includes acne conglobata, hidradeni-

is suppurativa and dissecting cellulitis of the scalp; some add pilonidal sinus to this group and

all it a tetrad. 294-296 They have a pathological feature in common identified as being disorders

hat involve follicular occlusion in body areas with apocrine glands. 294-296 These conditions are

sually found as one disorder (i.e., acne conglobata or hidradenitis suppurativa singly), but can

ccur in various combinations with other conditions. 294-296 

Hidradenitis suppurativa and dissecting cellulitis of the scalp are considered later in this sec-

ion. 

Some research notes that having certain single nucleotide polymorphisms (SNPs) of the toll-

ike receptor-4 (TLR4) gene can provide protection against the development of acne conglo-

ata. 297 However, mutations in the in γ -secretase proteins may be part of the etiology of acne

onglobata and hidradenitis suppurativa as noted in genetic research. 292 A familial pattern of

his complex disorder has been reported that includes the development of carcinoma (i.e., squa-

ous cell carcinoma) arising in members of afflicted families. 298 

The impact of exposure to certain chemicals can be seen in reports of persons abusing

nabolic-androgenic steroids developing acne conglobata. 283 , 299 Acne conglobata has been re-

orted to be induced by the tumor necrosis factor (TNF) alfa inhibitor, adalimumab, in addition

o reports that adalimumab can be used to treat acne conglobata as well. 300 , 301 It has also been

eported 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

lack males over age 22 years who have sacroiliitis with or without peripheral arthropathy. 303

his is in constrast to an isotretinoin-associated musculoskeletal syndrome that presents with

rthralgias and myalgias that are usually mild as well as transient—not inducing withdrawal of

he isotretinoin if its use is beneficial. 303 Persons on isotretinoin can also develop small spinal

esions that are seen as hyperostotic areas but are usually asymptomatic. 303 Another muscu-

oskeletal syndrome is described in some persons with acne fulminans that is identified later in

he section on acne fulminans. 303 Other features of acne conglobata are described such as an

ssociation with necrotizing scleritis. 304 

A more established association is that of acne conglobata with pyoderma gangrenosum—

n immune dermatosis in which painful pustules or nodules develop into painful ulcers, typi-

ally on the lower extremities. 289 , 305 Pyoderma grangrenosum has been treated with isotretinoin

hough 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 (CO 2 ) 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 re-

mains 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 med-

ications 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 rad-

ical 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 top-

ical 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 dermato-

logical features: S ynovitis, A cne, P ustulosis, H yperostosis and O steitis. 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 palmoplan- 

tar. 324 

Theories of pathogenesis involve Cutibacterium acnes and abnormalities of IL-1 (a group of cy-

tokines involved in regulation of immunologic and inflammatory reactions). 322 , 325 Research has

shown that various auto-inflammatory osseous conditions have excess IL-1 β that can look like

the SAPHO syndrome and Cutibacterium acnes may trigger release of IL-1 β 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 
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he SAPHO syndrome is that a genetically-based dysfunction of clearing this bacterium may in-

uce various cells (i.e., skin cells, bone cells, phagocytes) to over-produce IL-1 β and this cytokine

s 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 classi-

ally hyperostosis is seen in the anterior chest wall (sternum, clavicles, sternocosto-clavicular

oints). 320 , 323 , 324 Other skeletal sites often involved are the sacroiliac joints and the vertebrae. 324

eripheral and flat bone disease can be noted as well, particular in children. 324 The SAPHO syn-

rome is usually seen in adults while another auto-inflammatory condition of bone and joints,

RMO (chronic recurrent multifocal osteomyelitis) or CNO (chronic nonbacterial osteomyelitis),

re usually found in children; CRMO is the most severe form of CNO. 321 , 325 The imaging findings

f these musculoskeletal conditions are variable depending on diverse factors that include the

ge 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, disfigure-

ent, disability and depression. 324 , 327 The difficulty in the full diagnosis develops as various as-

ects of this syndrome may emerge over many years and not all features may occur. 324 Manage-

ent of the musculoskeletal features involves non-steroidal anti-inflammatory drugs (NSAIDs—

ypically not beneficial), corticosteroids, bisphosphonates, tumor necrosis factor-alfa (alpha) an-

agonists and biologic disease-modifying antirheumatic drugs (DMARDs). 320 , 323 , 324 , 329-332 An ap-

ropriate diagnosis with aggressive management can considerably improve this person’s overall

rognosis. 324 

cne fulminans (acute febrile ulcerative conglobate acne; acne maligna) 

Over the course of the 20th century a severe form of acute, inflammatory acne was described

ith fever, ulcers and polyarthritis (bone lesions; arthralgia) that was called acute febrile ul-

erative conglobate acne, acne maligna (Latin: maligna : malicious; with evil intent), and acne

ulminans (Latin: fulminans : fulminant—-occur suddenly with great severity). 333-342 Variable fea-

ures 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 (non-

nflammatory) are noted with acne conglobata and not with acne fulminans; an ulcerative as

ell as hemorrhagic acne (ulceronecrotic—necrotizing acne pustules/nodules) is described with

cne fulminans with or without fever and bone lesions. 290 , 338 , 339 The dermatological lesions are

een on the face, trunk, extremities and back that can lead to considerable scarring and disfig-

rement. Laboratory findings can include leukocytosis, increased erythrocyte sedimentation rate

ESR) and increased transaminases. 340-343 Biopsies reveal neutrophils in the skin (epidermis and

ermis) especially involving hair follicles. 343 , 344 

Musculoskeletal features are noted with acne fulminans that include fever, weight loss,

rthralgias, 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 scintig-

raphy) 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 conglo- 

bata or hidradenitis suppurativa. 289 , 320 , 321 , 323 , 326 , 327 Also, acne fulminans can be found in pedi-

atric 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 fo-

cuses 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 ex-

posure 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 in-

duce 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., nodular-

ulcerative acne) without systemic features. 360 , 361 

The use of isotretinoin too early in the treatment of acne may lead to pseudo-acne fulmi-

nans 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 med-

ications 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 suscep-

tible 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 mi-

crobe 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 vari-

ant disorders, is difficult and complex; early diagnosis with aggressive management and con-

sultation 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 cor-

ticosteroids (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;

ne team suggests prednisolone 30 mg/day (given as 10 mg three times a day) and isotretinoin

t 0.5 mg/kg/day (given as 0.25 mg/kg twice a day). 364 Others recommend only using prednisone

ith initial doses that range from 40 mg/day to 60 mg/ day; antimicrobial medication is typically

tilized with corticosteroids. 365-368 Observe carefully for adverse effects to these medications

ncluding the teratogenicity of isotretinoin ( Tables 13 and 14 ). Taking medications for at least

–5 months may lower the incidence of relapse. 340 Scarring is a frequent complication of this

isorder. 340 , 363 , 364 

Other medications used for this destructive, inflammatory disorder called acne fulminins in-

lude diaminodiphenyl sulfone (DDS; dapsone) especially if the patient also has ulcerative col-

tis. 338 , 344 , 357 , 358 , 368 Various other medications are being used such as biotherapy or biologic

rugs that include infliximab, secukinumab, adalimumab and etanercept (tumor necrosis factor

locker). 331 , 338 , 339 , 369 Targeted antibiotherapy was utilized in a patient with both chronic acne

ulminans and severe hidradenitis suppurative. 367 

The use of promising protocols with combined therapies—such as biotherapies (i.e., ant-IL-

7), targeted antibiotherapy and preventive plans—continues to be under research that involve

tudies on Cutibacterium acnes biofilms. 339 , 362 , 368 Experts in dermatological diseases are also

valuating other treatments for acne fulminans such as cyclosporine (with steroids), pulsed dye

aser (though hypopigmentation and scarring may occur) and 5-aminolevulinic acid photody-

amic therapy (with isotretinoin). 338 , 370 

osacea fulminans (pyoderma faciale) 

In 1940, PA O’Leary and RR Kierland (Mayo Clinic, Rochester, Minnesota, USA), published their

bservations of a unique type of acne found in females in their twenties described as an “un-

sual pyodermic process localized on the face;” they found 13 cases of what they called pyo-

erma faciale out of 1600 cases of acne in females. 371 In 1992, dermatological experts (G Plewig,

 Jansen, AM Kligman) published their review of this condition along with 20 other cases; they

oncluded that pyoderma faciale is “an extreme form of rosacea” and advised calling it rosacea

ulminans “in analogy with its counterpart, acne fulminans. 372 ”

Characteristics of this inflammatory condition (called pyoderma faciale at first and later

osacea fulminans) included mainly being found in females initiating past the teenage years (i.e.,

9 to 40 years of age), rapid as well as progressive involvement of the face (cheeks, chin, nose)

ith non-comedonal-like acne lesions (i.e., erythematous or red-cyanotic papules, pustules [pu-

ulent drainage, draining sinuses], nodules) that may coalesce into large areas with or without

ventual scaring. 371-377 It may be seen in children or males in unusual situations; also, extra-

acial features and systemic symptomatology are rare, atypical aspects of this dermatological

isorder. 374 , 376 , 378 , 379 

Precipitants or triggers include hormonal alterations, emotional effects, immunological fac-

ors, medications and others. 376 , 380 , 381 It has been observed after application of topical metron-

dazole. 380 Also proposed as a trigger is cytokine-induced inflammation that is set off by se-

ocytes in the skin. 374 Another proposed mechanism for this condition in some persons links

t as a form of demodicosis (demodectic mange, red mange) due to sensitivity to the skin

ite, Demodex spp. (i.e., Demodex folliculorum, Demodex brevis ), with normal population or over-

opulation 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 in-

ludes a helpful history and examination with the aid of dermatohistology and dermatopathol-

gy. 372 , 374 , 376 , 379 , 384 The differential diagnosis includes facial Sweet’s syndrome, also called acute

ebrile neutrophilic dermatosis, and acne fulminans. 377 , 385 Rosacea fulminans has also been co-

orbid with other conditions such as the rare finding of this dermatological disorder with in-

ammatory bowel disease. 374 , 386 , 387 
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 

https://doi.org/10.1016/j.disamonth.2020.101103


D.E. Greydanus, R. Azmeh and M.D. Cabral et al. / Disease-a-Month xxx (xxxx) xxx 35 

ARTICLE IN PRESS 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 devas-

tating 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, trimetho- 

prim, and fusidic acid cream. 374 , 379 , 381 , 382 , 391-393 In resistant cases, dapsone has provided ef-

ficacy in some reports. 374 In some protocols, other options for treatment include topical iver-

mectin, photodynamic therapy and pulsed dye laser. 391 

Isotretinoin is contraindicated in pregnancy and improvement in acne fulminans in preg-

nant persons has been found with use of azithromycin (can be with prednisone), 5% perme-

thrin 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 indica-

tion of pubarche (onset of puberty) with increasing dehydroepiandrosterone levels. 394 In a sam-

ple 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 inflam-

matory 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 re-

ceptors 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 andro-

gens (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 manage-

ment 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 consid-

ered as an androgen-mediated dermatological disorder. 42 , 409 Excessive androgen acne (androgen
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xcess disorder acne) is a severe form of acne that is worsened by hyperandrogenism in children,

dolescents or adults with exposure to high androgen levels found in various combinations of

ehydroepiandrosterone sulfate (DHEAS), testosterone (total, free), and androstenedione; other

bnormal laboratory data in such situations may include sex hormone binding globulin (SHBG),

rolactin, 17-OH-progesterone, LH/FSH ratio, insulin levels (fasting, postprandial) and serum cor-

isol. 10 , 268 , 283 , 400 , 410-412 

Severe acne can occur in some females without evidence of hyperandrogenism but with hy-

ersensitivity of the androgen receptor gene (ARG) that is encoded in the X chromosome. 413

outh with evidence of severe acne and hirsutism (as well as androgenic alopecia or female

attern hair loss) should be evaluated for hyperandrogenism that includes a differential diagno-

is of physiologic hyperandrogenism, idiopathic hyperandrogenism, polycystic ovary syndrome

PCOS) and others. 412 , 414 Polycystic ovary syndrome (PCOS) is now considered. 

olycystic ovary syndrome (PCOS) 

PCOS accounts for over 90% of females with hyperandrogenism and PCOS is found in 5 −10%

f reproductive age females who have menstrual irregularity with insulin resistance-induced hy-

erandrogenism (clinical and biochemical [increased total and/or free testosterone levels]). 414-422

n LH/FSH ratio over 2 suggests PCOS. 

The hyperandrogenism can be evident with hirsutism, severe acne, seborrhea, male pattern

lopecia/baldness, hyperhidrosis, premature adrenarche and/or hidradenitis suppurativa. 

There can be obesity with insulin resistance that include acanthosis nigricans, impaired glu-

ose tolerance with type 2 diabetes mellitus, dyslipidemia (increased triglycerides, low high-

ensity lipoprotein), and non-alcoholic steatohepatitis. 414-422 

Differences in the diagnosis of polycystic ovary syndrome (PCOS) in adolescents versus adults

ave been debated for years; currently, PCOS diagnosis in adolescents centers on such factors as

enstrual irregularities two years post-menarche, hirsutism, severe acne and elevated andro-

en levels with or without polycystic ovary appearance on ultrasound. 414-416 , 419-421 Clinicians

hould rule out other causes of hyperandrogenism that include congenital adrenal hyperplasia

CAH; non-classic), androgen-producing tumors, exposure to such medications as valproic acid

nd 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 develop-

ent. 416 , 423 , 424 The acne severity in females with PCOS can be associated with increased levels

f total testosterone, free testosterone and DHEAS; heightened levels of androstenedione, how-

ver, does not influence the acne severity. 424 

Oral contraceptives using progestins with low androgenic effect (i.e., ethynodiol diacetate,

orgestimate, desogestrel and drospirenone) may improve menstrual irregularity as well as the

ssociated acne with reduction in free testosterone, 5 α-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

COS and severe acne reveals positive effects on severe cystic acne, free testosterone, insulin,

nd hirsutism. 426 

Metformin is an insulin sensitizer and biguanide that improves the blood sugar in those with

ssociated type 2 diabetes mellitus as well improves hirsutism; also, it is under research for

reatment of acne vulgaris due to its ability to inhibit the mechanistic target of rapamycin com-

lex 1 (mTORC1) with lowering of ovarian hyperandrogenism. 222 , 223 , 424 

Spironolactone is a diuretic with antiandrogen effects that can be used as additional medica-

ion for PCOS and acne; adverse effects of spironolactone include teratogenicity, fatigue, hyper-

alemia, hypotension, menstrual irregularities, breast tenderness and decreased libido 401 , 427 , 428 

Hirsutism can be managed with various options including non-pharmacologic (i.e., shaving,

lectrolysis, depilatory agents, and laser treatment) along with OCs (i.e., low androgenic pro-

estins as noted), and antiandrogens such as spironolactone (50–200 mg per day) or cyproterone

hat can lower sebum production. 406 , 427 , 428 
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Table 23 

Indications for hormonal management in acne. 406 , 427 , 428 

1) If oral contraception is appropriate when considering oral contraceptives; 

2) Severe acne not improving with traditional anti-acne medications; 

3) Severe pre-menses acne worsening (including pre-pubertal acne); 

4) Late or post-adolescent acne (acne tarda); 

5) Comorbid PCOS; 

6) Others: ovarian/adrenal hyperandrogenism (including virilization); 

7) Location: acne focusing in the chin and jaw area relates to hormonal acne 

8) 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 po-

tential adverse side effects, contraindications, cost, and other factors. 427-429 For example, poten-

tial 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 friction-

induced pressures. 434-436 The role of interleukin 1 alpha (IL-1 α) 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 fric-

tion 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 dam-

aged 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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hemical acne 

Chemical acne refers to the worsening of acne vulgaris because of various chemicals that

nclude cosmetics ( acne cosmetica ), tars, emollient oils (skin or bath), detergents, hair prod-

cts (i.e., oils, creams), chlorinated hydrocarbons ( chloracne ) and others. 443 The application of

iverse, even complicated cosmetics may contain chemicals irritating or comedogenic to this

erson leading to worsening of existing acne or development of de nova acne as well as ac-

eiform (allergic-induced) lesions that is called acne cosmetica ; such developments should in-

uce careful searching for the offending chemical (s) as well as providing proper advice to the

atient. 404 , 4 4 4-4 47 

The term, pomade acne , refers to comedonal acne that develops on the hairline or the fore-

ead secondary to exposure to hair oil or various greasy products. 448 , 449 Application of topical

ils and ointments to infants may result in a condition called acne venenata infantum . 283 Persons

orking in restaurants and other places exposed to occupational oils or petroleum products can

evelop acne or acneiform lesions/conditions called occupational acne (see above). 450 

hloracne 

Chloracne refers to an acneiform disorder (dermatosis) on the face and other body parts due

o acute or chronic exposure to halogenated aromatic products that include dioxin: polychlo-

inated dibenzo-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs). 451-455 Dioxin and

ioxin-like chemicals are pollutants of the environment with persons coming into contact with

hem via the air, water or soil. 451 , 452 The exposure to dioxin and dioxin-like compounds has

esulted in various documented environmental contaminations in the 20th century including

amage from Agent Orange in the United States Vietnam war (1963–1975). 454 

Development of chloracne and hyperpigmentation results from activation of the aryl hydro-

arbon receptors in dermal cells that involve sebocytes, keratinocytes and melanocytes. 452 First

dentified in 1899 by the German dermatologist, Karl Herxheimer (1861–1942), chloracne leads

o many comedo-like lesions and cysts (yellow) on the cheeks, behind the ears, other facial ar-

as, trunk, extremities, genitalia, axilla, and other bodily parts with hyperpigmentation. 451 , 453 , 455

reatment is difficult and the key is prevention. 451 , 455 

cne due to physical agents/weather factors 

Persons exposed to excessive heat and humidity, such as soldiers living in tropic climates, can

evelop severe acne ( acne tropicalis ) with draining abscesses, keloids and scarring. 456-458 Acne

estivalis ( mallorca acne ) describes a polymorphous light eruption that has papular folliculitis on

he arms (lateral areas), shoulder and trunk without comedones, nodules or scarring; the inciting

actor is sunlight (ionizing radiation: UVA radiation). 459-461 The differential diagnosis includes

ctinic folliculitis, actinic superficial folliculitis, and acne vulgaris worsened by sunlight. 462-465

he history and histopathology are important factors in identifying the correct diagnosis. 466 It

ypically occurs in the spring and is gone in the fall when there is less sunlight; first appearance

s usually 1 to 3 days after sun exposure. 

rug-induced acneiform rashes 

Various medications that can induce an acne-like rash (drug-induced acne) include diverse

rugs as noted in Table 15 and Table 24 . 467-471 A sudden follicular appearance occurs that is in-

ammatory at first with papules/pustules followed later by comedonal formation. 467-470 It may

r 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 im-

portant 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 po-

tency 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, hy-

popigmentation, super-infections, and suppression of the hypothalamic-pituitary-adrenal (HPA) 

axis. 475 

Perioral (periorificial) dermatitis is typically marked by red to flesh-like papules (papulovesic-

ular) in the mid-face (i.e., around the mouth and eyes along with the nose) often found in per-

sons with exposure to steroids (inhaled, systemic, topical); the appearance of pustules is in-

frequent. 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 pime-

crolimus. 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) Folliculitis 

2) Cellulitis 

3) Erysipelas (superficial type of cellulitis) 

4) Impetigo 

5) Fasciitis (deep, necrotizing) 

6) Furuncles 

7) Carbuncles 

8) Others 
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ram-negative folliculitis 

A variety of bacterial skin infections may occur as noted in Table 25 ; in many cases, they

an be termed uncomplicated skin and skin structure infections (uSSSIs). 486 Bacterial infection

f the pilosebaceous units can lead to folliculitis, furuncles and carbuncles. Folliculitis refers to

air follicle inflammation that can be due to Staphylococcus aureus and/or Streptococcus pyo-

enes ; however, gram-negative folliculitis with bacteria resistant to various antibiotics (multi-

esistant bacteria) may occur in those on long-term antibiotics for acne or other issues such as

aving diabetes mellitus, immunodeficiencies or others; gram-negative folliculitis in those with

cne has been noted since the late 1960s. 467 , 468 , 470 , 486 , 487 These multi-resistant bacteria include

lebsiella, Enterobacter, Pseudomonas, Proteus, Escherichia coli and Serratia marcescens, in addition

o other microbes (i.e., bacterial, viral, fungal [ Malassezia/Pityrosporum ], and parasitic [Demodex

pp]). 488 , 489 

Various studies can be done including cytology and presentation includes painful facial le-

ions (i.e., papules, pustules, nodules) with absence of comedones. 486-489 The differential diag-

osis includes acne, gram-positive folliculitis, acne necrotica, keratosis pilaris, flat warts, adnexal

eoplasms, epidermal (sebaceous) cysts, milia (cysts with keratin) and others. 467 , 470 Manage-

ent of gram-negative folliculitis in those with different acnes can center on isotretinoin with

ctions as noted in Table 12 . 489 , 490 

cne necrotica 

Acne necrotica (varioliformis; necrotizing lymphocytic folliculitis) has been known since the

arly 19th century; it presents with recurrent papulonodules that begin as a few umbilicated,

rythematous lesions that can increase in number and rapidly become necrotic with resultant

kin scarring as well as alopecia. 467 , 491-494 Dermatopathologic study is an advantageous, applica-

le aid in its diagnosis for this disorder that is typically found in middle age and elderly persons.

anagement includes topical antibiotics (i.e., clindamycin or clindamycin/benzoyl peroxide gel),

rythromycin gel), and isotretinoin. 

cne keloidalis nuchae (acne keloidalis, folliculitis keloidalis nuchae) 

This is a type of recurrent, pustular, destructive folliculitis seen in the occiput and poste-

ior neck areas that can be chronic; it can lead to development of papules, pustules, fibrotic

laques (keloid-like but not keloids), scarring and cicatricial alopecia. 495-497 Acne keloidalis

uchae (AKN) is nearly always found in post-pubertal males of African descent with a 20:1 male

o 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/

umidity, 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) Acne conglobata 

2) Perifolliculitis capitis abscedens et suffodiens (PCAS; dissecting cellulitis of the scalp) 

3) Folliculitis decalvans 

4) Hidradenitis suppurativa 

5) Other acnes/acneiform disorders 

6) Various primary alopecias 

7) Dermal cancer 

8) Others 

Table 27 

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

1) Anticipatory guidance (see text) 

2) Behavioral modification 

3) Topical steroids 

4) Topical retinoids 

5) Topical benzoyl peroxide (BPO) 

6) Antibiotics (i.e., doxycycline, minocycline) 

7) Isotretinoin 

8) Steroid injections (triamcinolone) 

9) Cryosurgery 

10) Surgical excision and plastic surgery 

11) Laser treatment (1064 nm Nd: YAG laser and 810 nm diode laser) 

12) Ultraviolet B light phototherapy 

13) Others 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

includes disorders noted in Table 26 . 495-498 Diagnostic aids include skin cultures and dermato-

histopathology. 

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 trans-

mission 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, in-

flammatory, 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 der-

moscopic 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”) 
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Diverse treatments have been recommended with mixed results and limited evidence-based

uidance; these include antibiotics (i.e., tetracycline, clindamycin with rifampicin), corticos-

eroids (topical, systemic), dapsone, isotretinoin, immunomodulators (i.e., human recombinant

gG1 monoclonal antibodies), long-pulsed Nd:YAG laser, and others in composite combina-

ions. 500 , 504-508 

erifolliculitis capitis abscedens et suffodiens (PCAS) 

PCAS ( perifolliculitis capitis abscedens et suffodiens ; see Table 28 ) is also called dissecting per-

folliculitis of the scalp, dissecting folliculitis of the scalp, and dissecting cellulitis of the scalp . 509-511

s noted earlier, PCAS is part of the follicular occlusion triad (acne conglobata, hidradenitis sup-

urativa and dissecting cellulitis of the scalp) and the tetrad (with pilonidal sinus); in this group

here is follicular occlusion with apocrine glands. 294-296 PCAS was first described by L. Spitzer in

903 and E. Hoffman’s 1908 description led to its antiquarian appellation as Hoffman’s perifolli-

ulitis capitis abscedens et suffodiens ( Table 28 ). 512 , 513 

PCAS leads to suppurative, perifollicular disease with deep pustules, nodules, abscesses and

inuses mainly in African-American/African-Caribbean men between 20 and 40 years of age;

ventually alopecia develops from recurrent follicular occlusions (with ruptures and infec-

ions) that is classified as a primary, neutrophilic, cicatricial alopecia especially in the occipital

calp. 509-511 , 514 Its cause is not known and key diagnostic aids include trichoscopy as well as

istopathology. 515 PCAS has been associated with Crohn’s disease, pyoderma gangrenosum, ker-

titis, keratitis-ichthyosis-deafness syndrome, arthritis, keratitis, and others. 511 , 516 PCAS has also

een reported in children. 517 

A wide variety of treatments have been used including corticosteroids, antibiotics (tetracy-

line, minocycline, macrolides, rifampin, metronidazole), dapsone, zinc sulfate, tumor necrosis

actor blockers (TNFB; human anti-TNF monoclonal antibody), isotretinoin, laser treatment, ex-

ernal beam radiation, photodynamic therapy (PDT) with levulan, and others. 489 , 509-511 , 517 , 518

urgical (dermatosurgical) management is utilized as well including intra-lesion steroid (tri-

mcinolone) injection, I & D (incision and drainage), lesion excision (full-thickness) and scalp

enograft placement (porcine). 518-520 

olliculitis-associated immunological defects (i.e., chronic granulomatous disease) 

When encountering a patient with severe or recalcitrant acne or acneiform disorders compli-

ated by recurrent bacterial and fungal infections, clinicians should evaluate the patient for im-

unodeficiency disorders. An example is chronic granulomatous disease (CGD), first identified

n 1957 by Minnesota immunologist RA Good (1922–2003; father of modern immunology). 521

GD is a rare primary immunodeficiency due to mutations in the NADPH (nicotinamide adenine

inucleotide phosphate [NADPH] oxidase (any of 5 subunits) in phagocytic leukocytes that result

n 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 ob-

served that include seborrhea dermatitis, folliculitis, impetigo, acneiform dermatitis, demodici-

dosis and others in diverse CGD persons. 522-527 Testing to confirm CGD includes neutrophil func-

tion 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 dis-

ease , in honor of the 1854 article by a 19th century French surgeon, Aristide Auguste Stanis-

las 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 dis-

ease 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 prob-

lem 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 ac-

claimed dermatology expert, Dr. Gerd Plewig (Department of Dermatology and Allergy, Ludwig-

Maximilian-University of Munich, Munich, Germany) and colleagues suggest the name “dissect-

ing terminal hair folliculitis” to avoid the confusion of previous names and identify its true na-

ture 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 suffo-

diens 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 folli-

culitis typically found in intertriginous regions (i.e., axilla, submammary folds, inguinal area, pe-

rianal 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 syn-

drome 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 popula-

tions. 536 

Research on its etiology, as noted, focuses on terminal hair folliculitis that includes involve-

ment 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, pru-

ritus, malodor, embarrassment and low self-esteem can be considerable as well as overwhelm-

ing. 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 
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Treatment should be multi-disciplinary and management can be difficult, demanding and

ven discouraging for the patient as well as the treatment team. 531 , 536 Certain focused features

re generally agreed upon by clinicians and these include getting the patient with hidradeni-

is suppurativa (acne inversa) to stop smoking, lower weight if overweight/obese, have loose-

tting clothes to minimize friction, receive education on what is known about its cause, look

or/manage associated conditions ( Table 29 ), and address the behavioral aspects of such a

hronic disease (i.e., depression, anxiety). 318 , 442 , 531-534 , 537 , 538 Provide education about causes of

nd management for distressing issues that arise: pain, malodor, pruritus, shame and others.

each 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

ntibiotics—as single or in combinations (i.e., tetracycline, clindamycin with rifampicin, er-

apenem followed up with rifampicin, moxifloxacin and metronidazole as well as others)—may

elp with increasing infection. 368 , 531-534 , 537 , 539 An experienced management team should help

o decide on the value of finasteride, hair epilation, photodynamic therapy, adalimumab (TNF

lpha inhibitor), other biologic treatment, surgery (local or wide excision), and other therapies

dvocated by various research groups. 332 , 368 , 531-534 , 537 , 539 

This potentially devastating disease can present in childhood and adolescence with potential

ifelong implications. 540 , 541 As noted, linkage of this complex condition to the acnes are complex

nd under current research with acne focusing on the development of comedones/inflammatory

esions and hidradenitis suppurativa/acne inversa that centers on terminal hair folliculitis. 531 , 542

he follicular canal consists of the infra-infundibulum and the acro-infundibulum (more distal

nd contiguous with the skin surface); acne inversa appears to begin in the acro-infundibulum

hat in certain circumstances combines with immune dysfunction, inflammation, and infection

eading to various stages of hidradenitis suppurativa (acne inversa). 531 

yoderma gangrenosum (PG) 

Though scholars have found medical illustrations of probable pyoderma gangrenosum by

9th century French artist Marie-Nicolas Devergie, the first official description of this entity

s attributed to LA Brunsting et al. from a 1930 publication on 5 adults in which 4 also

ad ulcerative colitis. 543-545 Its delusive appellation, pyoderma gangrenosum, derives from a

ow 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 - 560 

1) Systemic corticosteroids 

2) Cyclosporine 

3) Dapsone 

4) Tacrolimus 

5) TNF-alpha inhibitors (i.e., adalimumab and infliximab) 

6) Biologics 

7) Small molecule therapy (i.e., pharmacological chaperones) 

8) Others 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

infection—Greek: puo / puon -pus; dermatos -skin) as well as bowel disease (gangrenosum; Latin:

gangr ̄en ̄osus —suffering from tissue death). 545 The label, pyoderma gangrenosum (PG), has re-

mained 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 disor-

der (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 p ainful, p rogressive, p urple and p retibial; there is also

a history of p athergy, 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, pustu-

lar, bullous, peristomal or superficial granulomatous; histopathology reveals a neutrophilic der-

matosis. 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 hidradeni-

tis ), 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 cy-

tokine abnormalities (i.e., IL-1 β) and influence of genetics (i.e., chromosome 15) remain under

research as well as dermatological debate. 546-551 , 556 Management includes looking for other asso-

ciations as noted and utilizing a differential diagnosis that includes infectious necrotizing fasci-

itis. 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, pseud ̄es for “false”) refers to inflammation
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Table 31 

Management options for pseudofolliculitis barbae and its complications. 561-563 , 568-574 

1) Change shaving methods/grooming habits 

2) No shaving 

3) No plucking hair 

4) Management of associated conditions 

5) Corticosteroid injection into keloids 

6) Antibiotics (topical; oral) 

7) Retinoids 

8) Laser surgery to remove hairs 

9) Photodynamic therapy 

10) Management of scars ( Table 17 ) 

11) Others 
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f the follicular and perifollicular area from many reasons not directly involving infection. 561

seudofolliculitis barbae can be found in males of any ethnicity but is more prevalent in men

ith ethnic skin of African and Asian descent. 561-563 A key precipitant is shaving (or plucking)

ollowed by the growth of especially curved hair follicles (hair tips) into the skin in a manner

hat leads to a foreign body reaction with variable papules, pustules, hyperpigmentation, and

eloids. 561-563 Those with curly hair are at increased risk for this reaction; indeed, the transfol-

icular hair does not leave the follicle but curves back while the extrafollicular hair leaves the

ollicle 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

nd 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

hat 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 dis-

rders as pseudofolliculitis nuchae, acute keloidalis nuchae (Latin, nucha : nape or back of the

eck), folliculitis barbae, chronic scalp folliculitis and other disorders of the hair/skin as dis-

ussed previously. 494-500 , 566-568 

Management of pseudofolliculitis barbae needs to be personalized to the individual that in-

ludes what the patient wishes, what provides the desired results, and what helps with the per-

on’s best quality of life. 561-563 , 568 A variety of management options are available and include

ot shaving nor plucking hair in addition to others identified in Table 31 . 561-563 , 568-574 

richostasis spinulosa 

Early in the 20th century, German dermatologist Felix Franke described a skin condition he

alled Pinselhaar (paintbrush hair) that was termed, trichostasis spinulosa by G. Nobl in 1913; the

atter was based on the Greek work, trichosis for “growth of hair”, Greek stasis for “standing still”

nd the Latin spinulosus for “having many little spines/thorns”. 575-577 In this acneiform condition,

 facial rash develops that looks like many blackheads over the nose and malar areas of the face;

owever, these lesions represent a follicular condition involving telogen hair remaining in the

air follicle that can present as dark, spiny papules. 578-581 These retained clumps of vellus hairs

ay occur mid-face or on the limbs in young adults (as well as interscapular area of the trunk)

nd tend to be more pruritic in the young verses the elderly. 579 

They may be mistaken for other dermatological disorders including acne with comedones,

eratosis pilaris, eruptive vellus hair cysts, pityriasis versicolor and alopecia areata. 582 , 583 The

linician may see a vellus hair bundle microscopically while skin surface biopsy can revel this

iagnosis as well; dermoscopic signs can include evidence of hair retention and follicular ker-
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Table 32 

Possible triggers for Trichostasis spinulosa. 578 

1) Corticosteroids (topical) 

2) Dust 

3) Heat 

4) Minoxidil (topical) 

5) Oils 

6) Renal failure (chronic) 

7) Ultraviolet light 

8) Others 

Table 33 

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

1) Keratosis pilaris 

2) Keratosis pilaris rubra 

3) Erythromelanosis follicularis faciei et colli (EFFC) 

4) Keratosis pilaris atrophicans 

5) Ulerythema ophryogenes 

6) Zouboulis syndrome (see text) 

7) 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, kera-

tolytics, 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 pres-

ence 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 mono-

somy. 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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isorder, represents dysfunction of the mammalian target of rapamycin (mTOR) signaling path-

ay, affects many systems in the body, and is the second most common neurocutaneous syn-

rome (NCS) —after neurofibromatosis. 594 , 595 Facial angiofibromas are important to recognize as

hey are found in three out of four persons with TSC and they can be misdiagnosed initially as

cne. 595-598 Also, facial angiofibromas can be a source of considerable morbidity, unsightliness,

nd 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

ith slow increase in size that are augmented in puberty. 596 , 597 These lesions tend to be pink

r red-brown with a smooth, symmetrical facial appearance that, as noted, can eventually lead to

onsiderable facial damage. Other skin lesions of TSC include hypo-pigmented “ash-leaf spots”,

hagreen patches on the lower back, nail (ungual) fibromas, and fibrous forehead plaques;

ooth enamel disease and intraoral fibromas may also occur. 596-598 Management of facial an-

iofibromas includes topical mTOR inhibitors (i.e., sirolimus, everolimus), laser treatment, and

urgery. 595 , 596 , 599 , 600 

olluscum contagiosum 

This common dermatosis (Latin, molluscus : soft; Latin, contagio : contact, contagious) is caused

y the molluscum contagiosum virus (MCV) of the Poxviridae family and is spread in different

arts of the body in various ways—such as close contact (including sexually) and autoinocu-

ation. 44 , 601-605 Common places of infection are the face, hands, trunk and genitalia. 16 , 44 The

esions of molluscum contagiosum (MC) appear as translucent, dome-shaped papules (a few to

undreds; single or in groups; usually 2–8 mm in diameter) that are pink or skin-colored with

r without central umbilication, become pearly white, and have cheesy-like material if opened

p. 44 , 601-603 Large papules may develop especially if secondary bacterial infection occurs. 44 Der-

oscopy can be helpful in diagnosis while a skin biopsy (epidermal molluscum bodies on his-

ology) 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

s atopic dermatitis. Unless the person with MC has an immunocompromised condition, this

iral infection is normally limited to 6 to 12 months. If overt treatment is selected or needed

or cosmetic or other reasons, various methods are available that include chemical, immune-

odulating 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

otential adverse effects for lesions that are typically transient as well as asymptomatic. 44 , 604 , 605

errucae 

Verrucae vulgaris (common warts) may occur with acne or be mistaken for acne. 470 Such

arts are caused by the human papillomavirus (HPV) (i.e., 1,2, 4, others) and spread by per-

on to person contact as well as autoinoculation; there are over 100 HPV types. 44 , 605 , 607 Ver-

ucae vulgaris are rough, skin-colored papules on any body area but especially on the hands

n addition to arms (especially elbows) and legs (especially knees); thrombosed capillaries can

e seen. 16 , 44 , 605 , 607 Filiform warts present with frond-like projections that are typically seen

n perioral, buccal and beard areas. 606 Verrucae can be diagnosed by various means such as

ppearance and dermoscopy. 44 , 606 Management of common warts, which tend to resolve spon-

aneously in a few years, typically involves various keratolytic agents (i.e., salicylic acid, sulfur,

thers), 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

apules or thin plaques that may develop over sun-exposed areas; their surface is smooth,

hough they may coalesce into plaques and/or be seen in a linear pattern and extensive spread

ay occur after shaving or in immunocompromised persons. An outer keratinized ring may oc-
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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 condy-

loma 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 HPV-

induced 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 preva-

lence in adolescents in the world that ranges from 35% to 100%. 613 Acne vulgaris is a dermato-

logical disorder with aberrant keratinization and comedogenesis that involves colonization with

Cutibacterium acnes (previously called Propionibacterium acnes ) as well as inflammatory and ge-

netic 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: topi-

cal 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 an-

tibiotic use should be limited. 75 All medications have potentially adverse effects that should be
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aught to the patient and carefully monitored since both the acne condition as well as the pres-

nce of adverse effects of medications can have long-lasting, detrimental impact on the person

ith acne. 75 , 162-170 

Oral contraceptives are helpful as well for acne in sexually active females while other hor-

onal therapy can help with resistant acne in some persons. The sine qua non medication for se-

ere or recalcitrant acne vulgaris is oral isotretinoin, though adverse effects must be understood

ncluding teratogenic risks ( Table 14 ). 6 , 7 , 153 , 154 , 158 , 162-170 , 308 The topical retinoids, tretinoin and

dapalene, 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

ne sees with the acnes, their co-morbidities, and disorders that are part of the differential di-

gnoses of the acnes. 171-191 , 308 , 626-629 Clinicians are challenged to look at exposome factors in

isease, such as acne, that involves seeking various factors that are involved in its pathogene-

is and severity; these include psychological issues, medication effects, nutrition, pollution and

thers. 626 Each patient is unique and their unique issues must be understood by clinicians, as

or example, in the worsening of acne because of menstrual-related factors or in transgender

ersons undergoing testosterone therapy. 403 , 629 Rewarding research continues in the 21st cen-

ury that is providing maximal, beneficial distribution of medications to the skin along with

nding new anti-acne medications as well as formulations specific to those with acne disor-

ers. 43 , 104-110 , 630 
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