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Demodex mites
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Abstract Demodex mites are normal inhabitants of human hair follicles. D folliculorum is found
predominantly in the follicular infundibulum of facial skin and is typically present in small groups.
D brevis, the smaller of the two species, predominates on the trunk, typically as solitarily mites within
the sebaceous glands and ducts. In a wide variety of animals, Demodex mites are recognized as a cause
of mange. The role of Demodex mites as agents of human disease has been more controversial, but
evidence favors their involvement in acneiform eruptions, folliculitis, and a range of eruptions in
immunosuppressed patients.
© 2014 Published by Elsevier Inc.
Introduction and background

Mites were first described in the hair follicles of humans
in 1841 by Henle and Berger and were classified into two
distinct species in 1963.1 Demodex spp mites are considered
to be part of the normal skin fauna, residing within the
pilosebaceous unit. D folliculorum (Figure 1) is the larger of
the two species. It predominates on the face and is typically
found in clusters of 10 to 15 organisms within the keratin
and debris of the follicular infundibulum. D brevis
(Figure 2), the smaller of the two species, resides as a
solitary organism and is typically found within the
sebaceous glands and ducts. It can occur anywhere but
often predominates on the trunk. Demodex mites are
ubiquitous commensals in dogs and other mammals and
are well established as a causative agent of mange. Whereas
sarcoptic mange affects previously healthy dogs, demodec-
tic mange typically affects dogs already suffering from
malnutrition, immunosuppression, or illness. Similarly, in
humans a wider variety of manifestations are found in
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immunosuppressed patients compared with immunocom-
petent adults. It is ironic that despite the acceptance of their
pathogenicity in the veterinary literature, the role of the
Demodex mites as agents of human disease remains
somewhat controversial. This is because it is difficult for a
commensal organism to fulfill Koch’s postulates. Though
their presence is clearly correlated with inflammatory facial
lesions and other eruptions, absolute proof of causation is
difficult to achieve. The strongest evidence that these
organisms are pathogenic is prompt response to therapy.
This paper discusses the epidemiology of Demodex mites,
clinical manifestations, and treatment strategies.
Epidemiology

Demodex mites are acquired shortly after birth. Because
they are found on the nipple, it is likely that mother-to-infant
transmission first occurs during nursing. Their numbers
increase as their food supply becomes more abundant with
sebaceous gland proliferation during puberty. The percent-
age of individuals who are infested also increases with age,
peaking in the fifth and sixth decades of life. The prevalence
of Demodex infestation is nearly 95% in individuals older
than 71 years. They spread easily by skin-to-skin contact and
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Fig. 1 Demodex folliculorum mite.

Fig. 3 Demodectic folliculitis that responded to topical sulfur.
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are therefore more prevalent in individuals who care for the
elderly. They are found in 69% of 31 to 50 year olds, are less
common in children, and are seen in only 13% of patients
ages 3 to 15 years.2

Both species can be found in normal skin biopsies with a
rate of recovery of about 10%. Of the two, D folliculorum is
more prevalent and is also present in greater numbers within
individual follicles, especially those on the face. Within
these biopsies they are present in 12% of hair follicles.
D folliculorum and D brevis are most prevalent on the face,
especially the forehead, cheeks, nasolabial folds, and nose
because of the high density of sebaceous glands in these areas.
Demodex mites, especially D brevis, may also be found in the
ear canals and are also distributed on the trunk and pubis.
Normal rates of colonization within the population range from
20% to 80%, with men typically more heavily infested than
women in most studies.3–5 Presumably, this is a direct result of
greater androgen-induced sebum production in men. It should
Fig. 2 Demodex brevis mite.
be noted that applications of exogenous lipids in cosmeticsmay
also affect the growth of Demodex mites.
Demodex-associated skin disease

Demodexmites have been implicated as the cause of chronic
inflammatory eruptions of the skin that resemble bacterial
folliculitis (Figure 3), rosacea, perioral dermatitis, and otitis
externa.6–8 Demodectic alopecia similar to animal mange has
been reported in humans and has responded to antidemodectic
therapy.9,10 The signs and symptoms of papulopustular rosacea
correlate with the frequency ofDemodexmite infestation.11 In a
study assessing skin surface biopsies from 49 rosacea
patients, affected individuals had a mean mite density of
10.8/cm2, compared with healthy controls who demonstrated
only 0.7/cm2 (p b .001).12 Another study evaluating 48 rosacea
patients reported D folliculorum in a larger percentage of
samples compared with healthy controls (96% versus 74%,
p b .01). Mites were also 5.7 times denser in individuals
with rosacea.13

The presence of follicular spines caused by the protrusion
of mites and keratin from the follicle is referred to as
pityriasis folliculorum (Figure 4). The presence of large
quantities of mites may appear as spiny follicular papules and
is correlated with pruritus with or without visible inflamma-
ig. 4 Pityriasis folliculorum is characterized by follicular spines
F

composed of Demodex mites and keratin debris.
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Fig. 5 Demodectic folliculitis is characterized by follicular
spongiosis and a perifollicular lymphoid infiltrate.
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tory lesions.14 The primary species of mite causing the
infestation can affect the clinical presentation. D brevismites
are more likely to cause a symmetric papulopustular eruption
in a malar distribution over existing diseased skin.
D folliculorum mites, however, are more commonly
associated with scale and erythema over the forehead
and nose.15

Various treatments have been used for Demodex-
associated skin eruptions, including topical sulfur products,
permethrin, and ivermectin. Although each can be effective,
our experience favors sulfur as the most effective interven-
tion for facial eruptions. Facial Demodex infestations have
also been treated with dilute topical camphor oil and with
oral metronidazole.16 A patient with facial abscesses
refractory to ivermectin, lindane, permethrin, and benzyl
benzoate ultimately responded to oral metronidazole.17
Blepharitis and otitis

Demodex mite infestation is associated with chronic
blepharitis, although data are mixed as to whether the
severity of symptoms correlates with the density of mite
infestation. The increase in prevalence of chronic blepharitis
with age parallels the expansion of the mite population, but
although nearly all individuals have evidence of mite
infestation by the age of 71, only 58% of these individuals
experience clinical blepharitis.18–20

As with rosacea symptoms, the species of infesting mite
determines the clinical manifestation of blepharitis. Anterior
blepharitis with eyelash involvement is more often associ-
ated with D folliculorum, whereas posterior blepharitis with
dysfunction of the meibomian glands and keratoconjuncti-
vitis is more likely to be associated with D brevis infestation.
Topical treatment with 50% tea tree oil as a lid scrub or 5%
tea tree oil as a lid massage effectively decreases the mite
population and ocular surface inflammation, but the safety of
this intervention has not been established.21 Oral ivermectin
can be curative in cases of refractory blepharitis. In one
study, ivermectin successfully reduced the number of D
folliculorum found in lashes and statistically improved tear
film breakup time after treatment.22 Demodex mites have
also been associated with chronic ear pruritus and external
otitis. A study of a population of Chinese students found
11.6% to have Demodex mite infestation of the external
auditory canal associated with these symptoms.23
Immune response to Demodex mites

Demodex mites elicit a vigorous immune response.
Spongiosis and lymphocytic infiltrates are often found in
histologic sections, surrounding follicles infested with De-
modex mites (Figure 5) but not around non-infested follicles.
Polymerase chain reaction (PCR) evaluation of tissue from
rosacea patients has found upregulation of inflammatory
cytokines such as tumor necrosis factor α (TNF-α),
interleukin 1b (IL-1b), and interleukin 8 (IL-8), especially
those with papulopustular rather than erythematotelangiec-
tatic rosacea (Casas 2012). The immune response varies
somewhat based on HLA type. Individuals with the Cw2
phenotype are more susceptible to infestation. The HLA A2
phenotype, on the other hand, appears to be protective.
Individuals without this allele have less functional leukocyte
response, recruit fewer CD8+ lymphocytes, and develop a
humoral response with higher IgA concentrations. They are
more likely to develop deep papular and papulopustular
lesions that involve larger swaths of skin.24
Demodex mites as opportunists: Infestations in
the immunocompromised host

Considerable evidence exists to support the pathogenicity
of Demodex mites in the setting of immunosuppression. In
immunocompetent hosts, they are regularly associated with
cutaneous eruptions on the eyelids and face and can be
isolated from these lesions. These conditions respond to
agents like topical sulfur and oral ivermectin aimed at
reducing the infestation of mites, suggesting that the mites
are pathogenic. Like other opportunistic pathogens,
Demodex mites break Koch’s postulates. They do not
regularly induce illness in healthy hosts and are much
more likely to produce illness in those whose immune system
is not intact.

Immunocompromised patients are more likely to present
with problematic eruptions of Demodex mites than are
immunocompetent individuals. HIV positive patients may
present clinically with demodicosis, usually with a
pruritic eruption on the face, when CD4+ counts drop
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below 200/mm3.25 The interscapular and presternal areas
may also be involved. The eruption has been shown to
respond to ivermectin therapy, suggesting pathogenicity of
the mites.

High-density Demodex mite infestation has also been
reported as a cause of facial eruption in patients with
lymphoma or leukemia, especially those with myelocytic
leukemia.26 One report described a patient with leukemia
and demodecosis misdiagnosed as graft-versus-host (GVH)
disease. The eruption occurred while the patient was
recovering from an allogenic bone marrow transplant,
leading to misinterpretation of the eruption as a sign of
GVH. Demodex infestation has been cited in the literature as
an important diagnostic consideration in bone marrow
transplant recipients presenting with facial erythema.27

A higher density of Demodex mites has been reported in
diabetic individuals. In one study, D folliculorum eyelash
infestation in 42 diabetic patients with documented diabetic
retinopathy was found to be significantly more prevalent
compared with age-matched controls (54.8% versus 38.1%,
p = .048).28 Individuals receiving immunosuppressive
therapy have also presented with symptoms of demodecosis.
Patients with epidermal growth factor receptor inhibitor–
associated cutaneous eruptions demonstrated significant
Demodex infestation in their skin lesions compared with
that of the healthy population (4.7/cm2 versus 0.7/cm2),
suggesting that the use of these drugs may impair necessary
defense mechanisms.29 In individuals with perioral derma-
titis, the density of D folliculorum mites is associated with
topical steroid use.30 Topical calcineurin inhibitors such as
tacrolimus may also increase the density of mites.31 This
finding is of interest because these drugs have produced
rosacea-like eruptions but have also been used to treat
perioral dermatitis.
Demodex mites as vectors

Demodexmites, likemany other parasites and commensals,
serve as vectors for other pathogenic organisms. Demodex’s
bacterial parasites most commonly belong to the genus Wol-
bachia and are thought to play in a role in producing the
inflammatory response in rosacea patients. They are known to
play a similar role in the Mazzotti reaction that often follows
treatment of onchocerciasis where their antigens are respon-
sible for neutrophil chemotaxis and Th1-mediated immune
response.32 Recently, Bacillus oleronius was isolated from D
folliculorum associated with papulopustular rosacea. The
bacterium produced two antigens, one largely homologous
with heat shock proteins, the other similar to a protease
involved with carbohydrate metabolism. The antigens caused
proliferation of peripheral blood mononuclear cells more often
in patientswith rosacea than in thosewithout (16 of 22 versus 5
of 17, p = .0105), suggesting that they may be involved in
pathogenesis of the disease.33
Conclusions

Demodex are part of the human condition because they
represent normal skin fauna acquired at a young age. Their
numbers increase as we age, and the prevalence of mites
roughly parallels that of several skin diseases. Because
inflammation is commonly found in follicles that house the
mites, it is likely that they are a cause of clinical folliculitis. It
has been shown that antigens from bacteria found within
Demodex mites can stimulate lymphocyte proliferation. As
lymphocyte stimulation is more likely in patients with
rosacea than in normal controls, there may be a genetic
predisposition to the pathogenic properties of the mite. In
immunosuppressed hosts, a greater range of disease
manifestations is related to Demodex infestation and a high
index of suspicion should be maintained.
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