
Thomas Jefferson University Thomas Jefferson University 

Jefferson Digital Commons Jefferson Digital Commons 

Wills Eye Hospital Papers Wills Eye Hospital 

8-1-2023 

Demodex Blepharitis: A Comprehensive Review of the Disease, Demodex Blepharitis: A Comprehensive Review of the Disease, 

Current Management, and Emerging Therapies Current Management, and Emerging Therapies 

Michelle K. Rhee 

Elizabeth Yeu 

Melissa Barnett 

Christopher J. Rapuano 

Deepinder K Dhaliwal 

See next page for additional authors 

Follow this and additional works at: https://jdc.jefferson.edu/willsfp 

 Part of the Ophthalmology Commons 

Let us know how access to this document benefits you 
This Article is brought to you for free and open access by the Jefferson Digital Commons. The Jefferson Digital 
Commons is a service of Thomas Jefferson University's Center for Teaching and Learning (CTL). The Commons is 
a showcase for Jefferson books and journals, peer-reviewed scholarly publications, unique historical collections 
from the University archives, and teaching tools. The Jefferson Digital Commons allows researchers and interested 
readers anywhere in the world to learn about and keep up to date with Jefferson scholarship. This article has been 
accepted for inclusion in Wills Eye Hospital Papers by an authorized administrator of the Jefferson Digital 
Commons. For more information, please contact: JeffersonDigitalCommons@jefferson.edu. 

https://jdc.jefferson.edu/
https://jdc.jefferson.edu/willsfp
https://jdc.jefferson.edu/wills
https://jdc.jefferson.edu/willsfp?utm_source=jdc.jefferson.edu%2Fwillsfp%2F196&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/695?utm_source=jdc.jefferson.edu%2Fwillsfp%2F196&utm_medium=PDF&utm_campaign=PDFCoverPages
https://library.jefferson.edu/forms/jdc/index.cfm
http://www.jefferson.edu/university/teaching-learning.html/


Authors Authors 
Michelle K. Rhee, Elizabeth Yeu, Melissa Barnett, Christopher J. Rapuano, Deepinder K Dhaliwal, Kelly K. 
Nichols, Paul Karpecki, Francis S. Mah, Arthur Chan, James Mun, and Ian Benjamin Gaddie 



REVIEW ARTICLE

Demodex Blepharitis: A Comprehensive Review of the Disease,
Current Management, and Emerging Therapies

Michelle K. Rhee, M.D., Elizabeth Yeu, M.D., Melissa Barnett, O.D., FAAO,FSLS, FBCLA, Christopher J. Rapuano, M.D.,
Deepinder K. Dhaliwal, M.D., Kelly K. Nichols, O.D., M.P.H., Ph.D., Paul Karpecki, O.D., Francis S. Mah, M.D.,

Arthur Chan, Ph.D., James Mun, Ph.D., and Ian Benjamin Gaddie, O.D.

Abstract: Demodex blepharitis is a common disease of the eyelid, affecting
approximately 25 million Americans. This article reviews what is known about
the mechanisms and impact of Demodex blepharitis, risk factors, signs and
symptoms, diagnostic techniques, current management options, and emerging
treatments. Demodex mites contribute to blepharitis in several ways: direct
mechanical damage, as a vector for bacteria, and by inducing hypersensitivity
and inflammation. Risk factors for Demodex blepharitis include increasing age,
rosacea, and diabetes. The costs, symptom burden, and psychosocial effects of
Demodex blepharitis are considerable. The presence of collarettes is pathogno-
monic for Demodex blepharitis. Redness, dryness, discomfort, foreign body
sensation, lash anomalies, and itching are also hallmarks of the disease.
Although a number of oral, topical, eyelid hygiene and device-based options
have been used clinically and evaluated in studies for the management of
Demodex blepharitis, none have been FDA approved to treat the disease. Recent
randomized controlled clinical trials suggest that lotilaner ophthalmic solution,
0.25%, is a topical treatment with the potential to eradicate Demodex mites and
eliminate collarettes and eyelid redness for an extended period.

Key Words: Demodex—Blepharitis—Ocular surface disease.

(Eye & Contact Lens 2023;49: 311–318)

B lepharitis is a chronic inflammation of the eyelid margin
characterized by erythema, ocular irritation and discomfort,

discharge and debris on the eyelids and lashes, and eyelash anom-
alies.1,2 In more advanced stages, there may be corneal involve-
ment, such as punctate epithelial erosions, infiltrates, epithelial
defects, or keratitis.
Although blepharitis can have various etiologies, including

allergic, staphylococcal, and seborrheic, one of the most common
etiologies is Demodex mite infestation.3,4 The presence of Demo-
dex mites in eyelid tissue was first reported in 1876, and its asso-
ciation with blepharitis was established in 1967, but the number of
published articles on Demodex blepharitis has increased dramati-
cally in the past 5 years.5

This literature review presents the available evidence and
knowledge about Demodex blepharitis. We review what is known
about the epidemiology, mechanisms and impact of the disease,
risk factors, signs and symptoms, diagnostic techniques, current
management options, and emerging treatments.

EPIDEMIOLOGY
It has long been accepted that the prevalence of Demodex

increases with age, affecting more than 80% of those older than
60 years and 100% of those older than 70 years.6 Among younger,
university-based populations, Demodex prevalence has been re-
ported as consistently low, between 2% and 27%.7–9

Researchers who have studied patient populations with clinical
signs and symptoms of blepharitis find high rates of Demodex
infestation, with prevalence ranging from 29% to 90%.4 Most
authors in the past 5 years report that Demodex blepharitis accounts
for $60% of those with blepharitis.3,10–13

Recently, two studies independently reported similar rates of De-
modex blepharitis among patients of all ages visiting US eye care
clinics.14,15 The Titan study, a multicenter retrospective chart review,
found that 58% of 1,032 consecutive patients (and 69% of those with
a blepharitis diagnosis) presented with collarettes—waxy, cylindrical
debris at the base of the lashes that are the pathognomonic sign of
Demodex blepharitis.14 Similarly, Teo et al.15 found that 55% of all
patients and 62% of blepharitis patients examined in two tertiary care
clinics presented with Demodex based on lash epilation.
Demodex blepharitis is equally prevalent in both sexes.10,14

Among older Americans referred to a Veterans Administration
(VA) Medical Center dry eye clinic, the rate of Demodex infesta-
tion was similar regardless of ethnicity, with 72% of white patients,
65% of black patients, and 69% of Hispanic patients affected.3
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MECHANISMS OF DISEASE
Demodex mites, the most common ectoparasite on humans, have

been implicated in blepharitis. Two species, Demodex folliculorum
and Demodex brevis, are found in human skin, especially the
cheeks, nose, and eyelids. Both species are translucent, elongated
microscopic mites with four pairs of short, clawed legs. Demodex
folliculorum (Fig. 1) is approximately 0.3 to 0.4 mm in length and
can be found in clusters around the lash root and lash follicle,
where D. folliculorum feeds on sebum and follicular epithelial
cells.16 Demodex brevis is shorter, more solitary, and prefers seba-
ceous glands.16 Although Demodex mites are found on healthy,
asymptomatic individuals of all ages,10 it has been suggested that
the mites may play a pathogenic role at higher density, when the
mites reach a state of demodicosis.16

Demodex folliculorum is believed to be more active and there-
fore more implicated in type 1 allergic reactions.17 Researchers
have surmised that male and female mites mate outside the follicles
or glands, after which the female mites lay their eggs inside the hair
follicles or sebaceous glands.18

Demodex mites secrete digestive enzymes onto nearby tissues to
break down the epithelial cells to consume as food.16 Although it
has previously been reported that digested material is retained in
the gut and spilled onto surrounding tissues at the end of the life
cycle,17 a recent microbiology report suggests that is not the case
and that digested material may be excreted.19 The full life cycle of
a mite is estimated to be from 14 to 23 days, progressing from egg
to larva to nymph and finally to the adult stage.18,20

There are several plausible mechanisms by which Demodex con-
tribute to blepharitis, including direct damage, acting as a vector for
bacteria, and inducing hypersensitivity and inflammation.17,21,22

Direct Damage
As Demodex mites consume epithelial cells at the hair follicle,

their sharp claws cause microabrasions, inducing epithelial hyper-
plasia.4,16,21 The presence of D. folliculorum is strongly associated
with hair follicle duct dilatation and hyperkeratinization and peri-

follicular nongranulomatous inflammation.23 Additionally, as the
mites clump and lay their eggs at the base of the lashes, the follicles
become distended.16 Higher numbers of mites in the lash follicles
are associated with reactive conjunctivitis and keratitis.24 As De-
modex infestation affects the structure of the hair follicles, lashes
may be lost or become misdirected.17

Mites deposit debris consisting of digestive enzymes, epithelial
cells, keratin, and eggs onto human host tissue. Proteases and
lipases present in this debris may cause direct surface irritation and
inflammation, a type 1 allergic response.16,17

Demodex brevis has been implicated in meibomian gland disease
(MGD), including meibomian gland loss.4,25 The build-up of de-
composing mite remains, including their chitinous exoskeletons, is
believed to contribute to physical blockage of the meibomian
glands,4 possibly leading to changes in gland architecture over
time.4,25 Changes in meibum secretion or lipid composition in
MGD may promote the cycle by making the ocular environment
more favorable for Demodex.4,26

Bacterial Dysbiosis
The relationships among Demodex mites and the skin, gut, and

ocular microbiota are complex. Historically, anterior blepharitis
has often been believed to have a primarily bacterial origin. Eye-
lashes of patients with blepharitis have significantly higher micro-
bial counts than healthy control subjects.13 Fu et al.27 recently
reported that Demodex infestation may reduce the diversity of
the microbiome in the conjunctival sac, thereby destabilizing it.
Bacterial biofilms have been implicated in blepharitis, and it has

been proposed that lash deposits in blepharitis may be composed of
these biofilms.28 Demodex may also take advantage of the barrier
defense “shield” provided by the biofilm to infiltrate the lash fol-
licles and meibomian glands.29 Demodex mites carry concomitant
bacteria such as Streptococcus and Staphylococcus species on their
surface, and Bacillus oleronius inside their abdomen, producing
antigens and inducing an immune response.17,20–22 In particular,
studies have shown a positive correlation between Staphylococcus
epidermidis and Demodex mite density.30 The mites may act as a
vector for other skin and environmental microbes when patients
rub their eyes to relieve blepharitis-related itching and
discomfort.30

Delayed Hypersensitivity Response
In rosacea, Demodex proliferation seems to exist on a contin-

uum, with mites triggering an inflammatory cascade, which then
creates conditions for increasing mite proliferation and worsening
disease.31

In Demodex blepharitis, digestive enzymes, chitin, and other
mite byproducts may also trigger an inflammatory cascade by the
toll-like receptor (TLR2) innate immunity pathway.11,16,18,21 There
is an increase in the number of CD4+ T cells, macrophages, and
Langerhans cells in patients with Demodex.16 Demodex infestation
is associated with upregulation of pro-inflammatory cytokines, par-
ticularly IL-1b and IL-17,17,18,24 tear film alterations,24 and upre-
gulation of matrix metalloproteinase-9 (MMP-9).20 Tarkowski
et al.32 hypothesized that biological debris from Demodex mites
may disrupt the epithelial barrier and lead to chronic inflammation
and degeneration of conjunctival tissue, contributing to the devel-
opment of pterygium. Activation of IL-17/MMP-9 signaling may
also exacerbate corneal epithelial barrier dysfunction.33

FIG. 1. Demodex folliculorum is found in human skin, especially the
cheeks, nose, and eyelids. Image courtesy of Patrick Vollmer, OD.
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RISK FACTORS AND ASSOCIATED
CO-MORBIDITIES

Blepharitis, rosacea, diabetes, and increasing age are risk factors
for Demodex blepharitis.21 Other factors that may predispose peo-
ple to Demodex blepharitis include local or systemic immunosup-
pression, stress, higher alcohol intake, greater sun exposure, and
smoking.3,20,21

Rosacea
Demodex mites have been implicated in rosacea and there are

close associations between Demodex skin infestation and ocular
Demodex.34,35 It is believed that once facial demodicosis develops,
Demodex mites migrate and flourish around the eyes as well, con-
tributing to ocular rosacea and/or Demodex blepharitis. Ocular
rosacea is characterized by telangiectasia, lid margin irregularity,
and meibomian gland dysfunction; ocular rosacea can lead to
severe ocular surface disease, including cicatrizing conjunctivitis
and corneal perforation.36 Patients with rosacea are more likely to
have blepharitis and higher Demodex mite densities.37 Mites likely
trigger an inflammatory cascade that worsens both skin and ocular
conditions.31 The dermatology literature suggests that Demodex
may also be associated with a multitude of skin conditions beyond
rosacea, including acne vulgaris, seborrheic dermatitis, and basal
cell and sebaceous carcinoma.16,38

Dry Eye Disease (DED)
In recent reports, 60% to 70% of patients with dry eye also

presented with Demodex blepharitis.3,14 There is significant over-
lap in symptoms between Demodex blepharitis and dry eye disease.
However, ocular signs associated with DED, such as staining, rapid
tear break-up time, and reduced Schirmer score, do not correlate
with Demodex blepharitis.17,29

A tear film compromised by DED could make conditions more
hospitable for Demodex mites. Demodicosis, particularly when
unrecognized or untreated, can complicate ocular surface diseases,
leading to more severe symptoms.39 Patients using lifitegrast and
cyclosporine were just as likely to have signs of Demodex blephar-
itis (60% had collarettes) as those not using topical immunomod-
ulators, suggesting that dry eye treatments are unlikely to mitigate
Demodex blepharitis.14

Meibomian Gland Dysfunction
Several authors have reported associations between Demodex

infestation and MGD. Flores de Venecia et al.40 reported an 85%
incidence of Demodex in patients with MGD compared with 34%
in healthy control subjects (without any lid margin disease). In a
similar study, Bhandari et al. reported a 60% incidence in patients
with MGD compared with 18% in control subjects.41 Demodex-
positive MGD patients have been shown to have statistically sig-
nificantly more damage to the size and morphology of the meibo-
mian glands, their openings, and the degree of adjacent fibrosis
than Demodex-negative MGD patients.25 The intensity of Demodex
infestation has been associated with the severity of MG damage:
The greater the number of Demodex mites, the more serious the
structural damage to the meibomian glands.25 Additionally,
patients with Demodex blepharitis have been shown to have low-
quality meibum24 and higher concentrations of (O-acyl)-v-hydroxy
fatty acids (OAHFAs) in their meibum,26 potentially exacerbating
MGD and contributing to tear film instability.

Chalazia, Hordeola, and Pterygia
Significant associations have been reported between ocular De-

modex infestation and chalazia23,42 and pterygium.32 Two recent
articles have noted, in particular, the strong association between
Demodex infestation and pediatric chalazia and suggested that chil-
dren with recurrent chalazia should be evaluated for Demodex and
that Demodex should be considered a risk factor for development
of chalazia in children.43,44 It has been hypothesized that a local
granulomatous reaction provoked by chitin from decomposing De-
modex mites may lead to hordeolum or chalazion.4

DIAGNOSIS OF DEMODEX BLEPHARITIS

Clinical Signs
Collarettes—solidified exudative excretions that form a cylindri-

cal collar around the base of the eyelash follicle—are the patho-
gnomonic sign of Demodex blepharitis.18,21,24,35,39,45–49 Several
robust studies have shown that all eyes with collarettes (100%)
are positive for Demodex mites, identified by microscopy48 or by
polymerase chain reaction genetic testing for the mite DNA.12

Often referred to in the literature as cylindrical dandruff (CD),
collarettes have also been called sleeves, cuffs, crusting, or lash
debris. We find the term “collarette” to be the most aptly descrip-
tive. Collarettes are waxy in texture and composed of accumu-
lated undigested material, keratinized cells, dead or living mites,
and eggs and egg casings of mites.4,20,48 Collarettes remain at the
base of the lash, differentiating the collarettes from bacterial
debris that clings to the shaft of the lash as it grows.17 Not only
is the presence of collarettes indicative of Demodex mites, but
having a high number of collarettes has been associated with
more severe mite infestation.3,46,48,50 Collarettes can be easily
identified at the slitlamp by instructing patients to look down or
close the eyelids, so that there is a clear view of the base of the
upper lash margin (Fig. 2).14,16,21,48

An epilated eyelash sample viewed under a microscope can
enable further confirmation of the presence of Demodex. However,
there is no universally accepted method for sampling lashes and
quantifying Demodex mite density, making accurate comparisons
difficult.51 In the two recent prevalence studies discussed at the
beginning of this review, US researchers found nearly identical
rates of demodicosis, regardless of whether the researchers defined
demodicosis by the presence of collarette14 or by lash epilation
with mite counts.15 Outside of clinical trials, lash epilation and
microscopy are often impractical. In our experience, observing
the presence of collarettes at the slitlamp can be the sole diagnostic
indicator for Demodex blepharitis in clinical practice because the
collarettes are pathognomonic. Furthermore, Zhang et al.4 recently
concluded that positive identification of collarettes (CD), along
with eyelash manipulation at the slitlamp (without epilation),
may be the most suitable method for diagnosis of Demodex ble-
pharitis in clinical settings and that collarettes alone should alert the
practitioner to the high likelihood of ocular demodicosis.
Lash anomalies are another important clinical sign of Demodex

blepharitis. Trichiasis, or eyelash misdirection, is common.17,20

Madarosis, or eyelash loss, occurs in more advanced cases20,35

and is predictive of Demodex blepharitis. Sędzikowska et al.52

found a 4.30 odds ratio that patients complaining of eyelash loss
would have Demodex. Nicholls et al.20 have also described a less
common finding, in which the lash thickness abruptly changes,
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with a terminal thinning and twisted or split ends, which attribute
to the consumption of lash cortex by Demodex mites. Given that
the purpose of the eyelashes is to protect the ocular surface and
direct airflow away from it, mite-induced follicular damage that
results in lash misdirection or loss may make patients more symp-
tomatic or negatively impact ocular surface health.14

Eyelid margin erythema and telangiectasia are also commonly
seen in Demodex blepharitis22,49,53 and may contribute to patients’
perception of a negative cosmetic appearance.53

Symptoms
Ocular itching is the symptom most commonly associated with

Demodex blepharitis,11,35,50–53 and evidence suggests that patients
consider ocular itching to be one of the most bothersome symp-
toms associated with the disease.53 Demodex-related itching may
be more likely to occur at night or early morning after periods of
mite activity,5,35 distinguishing it from daytime, allergy-related
itching. Dry eye or blepharitis patients with Demodex are signifi-
cantly more likely to report itching than those without Demo-
dex,3,11 and the frequency of itching complaints increases with
higher Demodex density.3,10 Individuals who report itching have
a 2.6-fold higher risk of having Demodex.52 Demodex-related ocu-
lar itching may be propagated through nonhistamine itching
pathways.3

In addition to itching, those with Demodex blepharitis often pre-
sent with a range of other symptoms, including dryness, discharge,
eye redness, burning, tearing, foreign body sensation, pain, and
blurred (or fluctuating) vision (Fig. 3).53

Impact of Demodex Blepharitis
The symptom burden and psychosocial effects of Demodex ble-

pharitis are considerable, according to a recent study of 311
patients with confirmed Demodex blepharitis.53 One-third of the
patients reported making multiple visits to a doctor to resolve their
symptoms and more than half of the patients reported being both-
ered by symptoms “frequently” or “all of the time.”53 Approxi-
mately half (51%) of the patients had been experiencing symptoms

for at least four years, and more than half (58%) of the patients had
not previously received a correct diagnosis.53 Eighty percent of the
patients said that blepharitis had negatively affected daily life, with
impacts on driving at night, daily hygiene routines, contact lens
discomfort and, for women, difficulty wearing makeup or artificial
lashes.53 It has previously been reported that patients with blephar-
itis have a 67% higher risk of anxiety and 52% higher risk of
depression compared with those without blepharitis.54

Clinicians may want to have a heightened suspicion of Demodex
blepharitis in specific patient populations. Contact lens wear, by
altering the ocular surface microbiome, may increase susceptibility
to Demodex.55 Perhaps more importantly for clinical practice, how-
ever, Demodex may be a significant factor in contact lens intoler-
ance and dropout. Approximately half (51%) of contact lens
wearers have Demodex.14 In a study of Asian female contact lens
wearers examined by confocal microscopy, Demodex was found in
90% of lens wearers compared with 65% of nonwearers
(P¼0.06).56 Symptomatic lens wearers have been shown to have
higher Demodex mite density.57 Tarkowski et al.58 found that a
high percentage of contact lens–intolerant subjects (93%) had
Demodex infestation compared with only 6% of asymptomatic
wearers. Given the positive correlation between the presence of
Demodex and intolerance to soft contact lenses, Demodex mites
may exacerbate symptoms of contact lens discomfort.
Demodex blepharitis is common in the cataract surgery age pop-

ulation. Using light microscopy, researchers in Poland evaluated
the eyelashes of 73 consecutive patients presenting for cataract
surgery and found Demodex infestation in nearly half of the
patients; those patients had lower Schirmer scores and faster tear
break-up times.59 The Titan study also found that 56% of cataract
patients demonstrated Demodex blepharitis.14 A healthy ocular
surface is critical for successful intraocular lens (IOL) power cal-
culation and good visual outcomes and satisfaction after cataract or
refractive surgery, so it is important to screen preoperative patients
for ocular surface and lid disease, including Demodex blepharitis.

DISEASE MANAGEMENT
There are currently no FDA-approved treatments for Demodex

blepharitis. Although a number of over-the-counter and office-
based device options have been used clinically and evaluated in
relatively small studies, none has yet been established as clearly
effective at eradicating mites and eliminating signs of Demodex
blepharitis.4,60 Side effects and tolerability should be taken into
consideration because successful management of this disease is
dependent on patient convenience and compliance, neither of
which are ideal with current options. A recent multicenter, random-
ized controlled study has demonstrated that lotilaner ophthalmic
solution, 0.25% (TP-03, Tarsus Pharmaceuticals, Irvine, CA),
shows significant improvements in mite eradication, collarette
elimination, and eyelid erythema reduction compared with
vehicle.61

Current Management Approaches
In the decades since Demodex blepharitis was first identified,

many agents have been evaluated to better manage the disease,
including selenium, antiparasitics, topical and oral antibiotics,
and many naturally derived products.5,18 The most well-studied
approaches are described below and in Table 1.

FIG. 2. Collarettes, the pathognomonic sign of Demodex blephar-
itis, can be readily identified at the base of the upper lash margin on
downward gaze at the slitlamp. Image courtesy of Patrick Vollmer,
OD.
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Ivermectin and Metronidazole
Ivermectin and metronidazole have long been used safely by

dermatologists to treat Demodex-related skin conditions. In a
recent meta-analysis, Martinez-Pulgarin et al.62 reported that
the combination of systemic and topical ivermectin and metroni-
dazole had been shown to reduce mite counts in Demodex ble-
pharitis, as well. In-office application of topical ivermectin-

metronidazole gel therapy has also recently been tested,45 but
larger studies are needed. Ivermectin is known to have an acar-
icidal effect,63 and metronidazole has a broad anti-inflammatory
effect through neutrophil-mediated reduction of reactive oxygen
species and T lymphocytes.64 However, the effects of these
agents may only temporarily alleviate Demodex infestation, and
side effects are possible.5,62,65

FIG. 3. Symptoms reported by patients with confirmed Demodex blepharitis ( N¼301).53

TABLE 1. Current and Emerging Management Approaches to Demodex Blepharitis

Agent or Procedure Form and Dosing
Demonstrated Effects in Demodex

Blepharitis Limitations

Ivermectin2,45,62,63,65 Acaricide
Oral or topical Improves signs and symptoms Hypersensitivity reactions and drug

interactions
Established dermatological treatment Reduces mite density More severe side effects with oral use

Metronidazole45,62,64,65 Broad anti-inflammatory and
antiparasitic

Oral or topical Improves signs and symptoms Hypersensitivity reactions and drug
interactions

Established dermatological treatment Reduces mite density More severe side effects with oral use

Tea tree oil (TTO) and derivatives,
especially terpinene 4-ol
(T4O)2,16,18,21,46,47,60,62,66–71

Over-the-counter and prescription
formulations (3% to 100%)
available in gel, shampoo,
ointment, lid wipe or scrub, and
other

Improves signs and symptoms Contact dermatitis, ocular irritation,
allergic reactions, epithelial cell
toxicity

Broad-spectrum antimicrobial and
acaricide

Some formulations achieve modest
levels of mite eradication

Intense pulsed light (IPL)72–75 In-office treatment Reduces mean Demodex mite density Contraindicated in Fitzpatrick V and VI
skin tones, costImproves ocular surface parameters

Microblepharoexfoliation (MBE)2,29,76 In-office treatment to remove lid and
lash debris

Helpful adjunct to at-home lid
hygiene

Mild discomfort, irritation, or redness

Improves symptoms
Reduces mite density but does not

eradicate mites

Lotilaner ophthalmic solution,
0.25%61,78–83

Investigational drug (0.25%) High rates of mite eradication,
collarette cure, and erythema cure

Mild instillation site pain was the most
commonly reported adverse eventTopical acaricide

2 drops per day dosing for 6 weeks

Other agents that have been evaluated but for which there is limited evidence in the literature include selenium, topical and oral antibiotics,
permethrin cream, manuka honey, okra-derived compounds, mugwort volatile oil, and castor oil.
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Tea Tree Oil and Other Natural Products
Tea tree oil (TTO) and its derivatives (including terpinen 4-ol or

T4O) exhibit broad-spectrum antimicrobial activity against bacteria
and fungi through the disruption of the cytoplasmic membrane and
have demonstrated acaricidal properties, although the exact
mechanism of action against Demodex viability has not been iden-
tified.66 Products containing various concentrations of TTO (from
3% to 100%) in the form of a gel, shampoo, ointment, face wash,
or lid wipe have been shown to be effective in improving signs and
symptoms of blepharitis.18,60,67,68 However, their efficacy for mite
eradication remains uncertain.47 Higher concentrations of TTO
(50%+) are more effective66 but are not considered safe for home
use and must be applied in the clinic.
In a stratified meta-analysis, there were no significant subgroup

differences between TTO-derived and non-TTO-derived products
in mite counts, total eradication, or CD score reduction.62 Koo
et al.69 reported an overall Demodex mite eradication rate of
23.6% in patients using TTO for 1 month. However, in this study,
patients underwent a relatively arduous regimen of weekly in-
office eyelid scrubs with high-concentration TTO in addition to
twice-daily, at-home eyelid scrubs. Researchers have acknowl-
edged that alternative treatments with improved side-effect profiles
and less toxicity would be desirable.21

The primary side effects associated with TTO and T4O use are
contact dermatitis, ocular irritation, and allergic reactions.16,46,47,70

Until recently, T4O was believed to be less irritating than TTO.
However, an in vitro study found that even very low 0.1% and
0.01% concentrations of T4O are toxic to human meibomian gland
epithelial cells.71

Other natural products that have been proposed for topical use to
address Demodex blepharitis include Manuka honey, okra-derived
compounds, mugwort volatile oil, and castor oil, but robust studies
on their effectiveness are lacking.

In-Office Procedures
Intense pulsed light (IPL) has been proposed as an adjunctive

procedure for managing demodicosis. The heat transfer may be
beneficial in killing the Demodex mites and for MGD, softening
meibum, and reducing inflammatory mediators.72,73 Two recent
reports have shown that a series of IPL treatments can reduce mean
mite counts and improve ocular surface parameters but the effect
on Demodex mite density seems to be variable.74,75 Some limita-
tions of IPL include cost and the fact that IPL cannot be performed
on patients with darker skin tones (Fitzpatrick V or VI).
Microblepharoexfoliation (MBE) removes debris on the surface

of the eyelids and lashes and has been used in combination with
daily at-home eyelid hygiene. Although results were better than
eyelid hygiene alone, the results were not clinically meaningful at
eliminating Demodex.29,76 An effective treatment for Demodex
blepharitis would likely decrease the need for mechanical interven-
tion such as MBE or lid scrubs.77

Measures of Efficacy
Various measures have been proposed for evaluating treatment

efficacy. Luo et al.51 proposed that a reduction of 1 mite per lash
should be considered the clinical standard for treatment efficacy
but there is no global consensus on the number of mites that
constitutes infestation or treatment success.4,17 Recently, an expert
panel concluded that patients with more than 10 collarettes should

be treated, irrespective of symptoms, with reductions in collarettes
used to evaluate treatment efficacy.77

A few studies have used collarette or CD scoring or classification
systems to evaluate treatment efficacy. Karakurt et al.,67 for example,
graded CD qualitatively as none (0), light (1), moderate (2), or severe
(3). In a recent phase 2b/3 randomized controlled clinical trial of
lotilaner ophthalmic solution, 0.25%, for Demodex blepharitis, col-
larettes were graded separately for the upper and lower eyelids ac-
cording to the quantitative scale shown in Table 2.61 Grade 2 (.10
collarettes) or higher on this scale for the upper eyelid was required
for inclusion in the study. Grade 0, or “collarette cure,” was consid-
ered the primary outcome measure, whereas a reduction in collarettes
to 10 lashes or less (grade 0 or 1) was considered clinically meaning-
ful because this level of change in collarettes had previously been
associated with reduced mite density.48

Emerging Treatments
Lotilaner ophthalmic solution, 0.25% (TP-03), an acaricide of

the isoxazoline parasiticide class, has completed late-stage clinical
trials. Lotilaner is a veterinary medication approved for use in
several countries, including the United States and European Union,
for the treatment of ticks and fleas in pets. Lotilaner is lipophilic,
making lotilaner well-suited to reach the oily lash follicles where
mites reside. Ectoparasites exposed to isoxazolines exhibit a spastic
paralysis leading to their starvation and death.78

In four phase 2 studies, this eye drop was found to be effective in
reducing collarettes and Demodex density and well tolerated.79–82

The Mars single-arm pilot study evaluated 28 days of twice-daily
dosing through 90 days of follow-up in participants with confirmed
Demodex blepharitis.79 These results were confirmed in a random-
ized controlled trial, the Jupiter study, which found statistically sig-
nificant decreases in collarettes and mite density in the lotilaner-
treated group compared with vehicle.80 The Io and Europa studies,
in which TP-03 dosing was extended to 6 weeks, demonstrated high
rates of collarette cure and mite eradication, again with statistically
significant differences compared with a vehicle control group.81,82

Most recently, in the pivotal phase 2b/3 Saturn-1 trial, the group
treated with TP-03 achieved a statistically significantly higher pro-
portion of patients with clinically meaningful reduction in collarettes to
10 or less (81.3% vs. 23.0%; P,0.0001), collarette cure (44.0% vs.
7.4%; P,0.0001, primary endpoint), mite eradication (67.9% vs.
17.6%; P,0.0001), and erythema cure (19.1% vs. 6.9%; P¼0.0001)
compared with the vehicle control group.61 This randomized, con-
trolled, double-masked trial enrolled 421 patients with Demodex ble-
pharitis; results were confirmed in a second phase 3 study with an
additional 412 patients.83 All patients in both studies presented with
Demodex blepharitis confirmed by lash epilation and mite count and
were required to have collarettes and eyelid erythema to be included in
the trial.61,83 Nearly 92.0% of Saturn-1 patients rated the study drop as
neutral to comfortable. All ocular adverse events in the study group
were mild, with the most common being instillation site pain.61

TABLE 2. Collarette Grading Scale62

0 0–2 lashes with collarettes
1 3–10 lashes with collarettes
2 .10 but less than one third of lashes with collarettes
3 One third of lashes or more but less than two thirds of lashes

with collarettes
4 Two thirds or more of lashes with collarettes
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CONCLUSION
Demodex blepharitis has the potential to impair visual quality

and ocular comfort and have a substantial impact on quality of life.
The symptoms negatively affect patients, prompting many visits to
healthcare practitioners and unsuccessful attempts at relief. Addi-
tionally, Demodex contributes to ocular surface disorders that may
blur vision and may lead to corneal damage, suboptimal surgical
outcomes, or contact lens intolerance. Demodex blepharitis is likely
an underdiagnosed significant public health burden; additional
studies are needed to accurately assess its socioeconomic impact.
Current options for the management of Demodex blepharitis are

burdensome, inconvenient, and may be ineffective and/or toxic to
ocular tissues. Recent randomized controlled trials suggest that
lotilaner ophthalmic solution, 0.25%, is a topical treatment with
the potential to significantly reduce or eliminate Demodex mites
and collarettes, the pathognomonic sign of Demodex blepharitis.
The development of a more effective, tolerable, safe, convenient,
and regulatory body–approved treatment for Demodex blepharitis
would benefit patients and provide practitioners with the first tar-
geted tool to combat this prevalent disease.
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