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Abstract: Demodex folliculorum and Demodex brevis are two mites which infest the human 

eye and which may, in excess, lead to a wide range of anterior segment findings. Demodex mites 

have been implicated in anterior and posterior blepharitis, blepharoconjunctivitis, blepharokera-

titis, and beyond. Due to significant overlap with other anterior segment conditions, Demodex 

infestation remains underdiagnosed and undertreated. Definitive diagnosis can be made with 

lash sampling, and the most common mode of treatment is with tea tree oil in varying concen-

trations. This article summarizes elements of pathogenesis, diagnosis, and management critical 

to clinical care of this common condition.
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Introduction
The Demodex mite – of phylum Arthropoda – comes in two forms, Demodex folliculo-

rum and Demodex brevis.1,2 D. folliculorum is larger (0.3–0.4 mm) and tends to inhabit 

the base of the lashes, as the name would suggest. D. brevis is smaller (0.2–0.3 mm), 

and preferentially inhabits the sebaceous glands.3 These are the only two mites that 

affect the human eye, and in turn humans are the only mammals to host them.4 Both 

mites in their adult form are cigar-shaped with four pairs of legs to grip cylindrical 

structures such as an eyelash.2,5 The mites take approximately 2 weeks to mature from 

the egg to the larval stage, with an overall life span of up to 3 weeks.3

How these mites spend this life span – and specifically whether these mites are 

benign or should be maligned – remains an area of dispute. That Demodex is a nor-

mal part of the lid flora is well established; in fact, these mites are the most common 

microscopic ectoparasite on the human skin.3 However, Demodex mites are found in 

both symptomatic and asymptomatic individuals, and there is poor correlation between 

Demodex infestation and symptoms, as paralleled in other anterior segment conditions 

such as blepharitis.5,6

On the other hand, infestation by these mites – deemed demodicosis – has been 

implicated in a variety of anterior segment conditions, where literature suggests a 

correlation between Demodex mites and blepharitis, changes to the eyelashes (loss 

and misalignment), conjunctivitis, keratitis, and basal cell carcinoma of the lid, among 

others.4,7 To bridge these findings, it has been suggested that density and overpopu-

lation may play a role in tipping the anterior segment ecosystem from homeostasis 

to disease.1–4,6–9 Authors postulate a role for Demodex in a balanced ocular ecology, 

acting as lash cleaners by grazing on bacteria, defending against other mite species, 
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and as immune regulators and buffers.5 However, as these 

mites proliferate in the proverbial “hard-to-reach” places of 

the eyelid (surrounded by the nose, brow, and cheek) and 

density increases with age (100% of the general population 

over 70 years of age has been shown to have Demodex mites), 

so do the ocular complications.3,6 This uncertainty leads to 

underdiagnosis and undertreatment of Demodex infestations. 

Combined with its comorbidities and ability to masquerade as 

a number of other ocular conditions (most notably recalcitrant 

herpetic keratitis), Demodex should be a top differential in 

the diagnosis and management of anterior segment inflam-

mation. This article summarizes the current understanding 

of the pathogenesis, diagnosis, comorbidities, and treatment 

options for Demodex to help the eye care practitioners better 

manage affected patients.

Pathogenesis
The Demodex duo can have multiple impacts on the ante-

rior ocular surface, including anterior blepharitis, posterior 

blepharitis and meibomian gland dysfunction (MGD), ocular 

rosacea, and keratitis. The mechanisms of each species of 

Demodex are discussed below.

Demodex and anterior blepharitis
D. folliculorum finds its primary habitat at the base of the lash 

follicle, where it feeds on follicular and glandular epithelial 

cells, causing direct mechanical damage as it does so.3,8 

These microscopic epithelial abrasions can cause epithelial 

hyperplasia and reactive hyperkeratinization.8,9 In addition 

to feeding, the mites lay their eggs at the base of the lashes 

resulting in follicular distention and misdirected lashes.10 As 

these mites have no excretory organs, undigested material is 

regurgitated and combines with these epithelial cells, keratin, 

and eggs to form the bulk of the cylindrical lash deposits 

pathognomonic of Demodex infestation.5,10 These deposits, 

in turn, contain proteases and lipases, which cause symptoms 

of irritation.5 In fact, of all ocular symptoms investigated, the 

only symptom to correlate directly with Demodex was lid 

irritation. Specifically, this irritation is caused both directly 

by biting of the mites and by lipolytic enzymes used to digest 

sebum, their main food source.2,3,5

In addition to contributing to surface irritation and 

inflammation through the above mechanisms, the mites 

may also activate inflammatory cascades through toxins on 

their surface and inside of the organisms. Streptococci and 

staphylococci on the surface of the mites are directly impli-

cated in microbial blepharitis, both anterior and posterior.3 

Additionally, bacteria harbored inside the mites (Bacillus 

oleronius) have also been shown to activate the host’s immune 

response.3,5 Even in their death, mites may elicit an inflam-

matory response by releasing a number of bacterial antigens 

that trigger the host’s inflammatory cascade.3

Finally, the debris released by mites is thought to cause 

a delayed hypersensitivity immune response – this is backed 

up by the fact that an increase in the number of CD4+ T cells, 

macrophages, and Langerhans cells was observed only in 

subjects with a positive D. folliculorum finding.3,5,11 Mea-

suring these host inflammatory responses may be a valuable 

noninvasive test for Demodex.5

Demodex and posterior blepharitis
D. brevis has been linked to symptomatic MGD, in part due to 

its predisposition toward the meibomian gland where it causes 

a primary mechanical blockage of the orifice.8 Accordingly, 

severity of MGD has been found to correlate with demodico-

sis by D. brevis and not by D. folliculorum.12 Accumulation 

of parasite excreta further contributes to this blockage and 

may also elicit a cell-mediated reaction.2 This blockage leads 

to filling, swelling, and enlargement of the gland.

Additionally, the chitinous exoskeleton of the mite has 

been hypothesized to act as a foreign body, causing a local-

ized granulomatous reaction.13 This granuloma may develop 

into a hordeolum or chalazion, which is suspected to be 

caused by a host response to a foreign body derived from 

several pathogens.4 This hypothesis is further borne out by 

the evidence that D. brevis mite has been observed at the 

center of meibomian granulomas such as chalazia and the 

overall high correlation between the prevalence of D. brevis 

and chalazia.3,10 In a recent study, D. brevis also tended to 

be more highly associated with recurrence of chalazia after 

surgical excision.4

Demodex and adjacent inflammation
Inflammation of the lid margin can spill over and cause 

inflammation of the conjunctiva, thus resulting in blepharo-

conjunctivitis whose treatment by other means – antibiotic, 

antiviral, or lubrication – seems to be ineffective.3 This 

appears to hold true not only for adults but for children as 

well, typically thought to be excluded from Demodex infec-

tion. In a study of 12 healthy pediatric patients, recalcitrant 

blepharoconjunctivitis which did not respond to traditional 

therapy resolved after a short course of tea tree oil.14 Staphy-

lococcus epidermidis and Staphylococcus aureus are the main 

pathogens in pediatric blepharoconjunctivitis, and as has 

been mentioned, Demodex mites may be a vector for these 

bacteria in the eye.14
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Kheirkhah et al were the first to report on Demodex-

induced changes to the cornea.1 Inflammation from anterior 

and posterior blepharitis may impact the cornea, causing oth-

erwise unexplained superficial punctate keratopathy, corneal 

neovascularization, stromal and marginal infiltration, phlyc-

tenular lesions, superficial opacities, nodular scars, limbitis, 

and even perforation.1,4 Superficial punctate keratopathy was 

significantly more common in patients with known Demodex 

than in their matched controls.4 D. brevis is thought to be the 

main causative agent in Demodex keratitis as the D. brevis 

mite is closer to the cornea and more likely to cause corneal 

inflammation.1,3,7 In some cases of keratitis, findings can be 

so severe as to mimic herpes keratitis – in one study, all cases 

of demodicosis keratitis had been previously misdiagnosed 

as a viral infection but failed to respond to antiviral therapy.4 

Importantly, mite sampling and response to therapy can be 

used to distinguish the two entities.4

Demodex and comorbidities
Demodex has been implicated not only in facial rosacea 

but also in cases of ocular rosacea.1 Inflammatory/immune 

reactions as well as the mites as vectors for bacteria (as in 

blepharitis) have been postulated as causes.1 Specifically, 

superantigens produced by streptococci and staphylococci 

bacteria – carried on the mites – have been implicated in 

the induction of rosacea.3 With this in mind, the correlation 

between Demodex and the severity of ocular rosacea has 

also been demonstrated.3 With regard to rosacea, comorbid 

factors that may change the flora environment and allow for 

mite proliferation include skin phototype, sunlight exposure, 

alcohol intake, smoking, stress, hot beverages, spicy food, 

and abrupt changes in temperature.3

Demodex infestation is not isolated to the eyelid margins, 

eyelashes, and meibomian glands. The dermatology litera-

ture suggests that Demodex may also be associated with a 

multitude of skin conditions as well as basal and sebaceous 

cell carcinoma.3,15–17 Although argument exists as to whether 

Demodex of the normal skin flora does or does not in part 

cause the development of inflammatory skin eruptions, 

there is evidence for demodicosis of papulopustular rosacea, 

granulomatous-like rosacea, and blepharitis especially when 

Demodex density exceeds a normal threshold.18–20 In cancer 

patients who were taking epidermal growth factor receptor 

inhibitors, it was reported that Demodex mite colonization 

was increased which increased the risk of dermatologic 

conditions such as annular facial eruptions. There were also 

reported cases of Demodex folliculitis mimicking acute 

cutaneous graft-versus-host disease (GVHD).21–26 Tissue 

samplings of the affected skin tissue confirmed the diagnosis 

of Demodex in the suspected GVHD patients. Once Demodex 

was diagnosed and treated in these GVHD patients, the skin 

lesions cleared.

Diagnosis
The clinical diagnosis of Demodex blepharitis is more 

commonly made based on signs rather than symptoms, as 

demodicosis symptoms cross over with a number of other 

anterior segment conditions, including anterior and posterior 

blepharitis, evaporative and non-evaporative dry eye, as well 

as other sources of ocular surface inflammation. Patients 

may complain of itching, burning, foreign body sensation, 

crusting or matted lashes, tearing, blurry vision, ocular dis-

comfort or irritation, and crossover symptoms to myriad of 

other conditions.4,27 Demodex blepharitis should be suspected 

in cases of symptomatic patients who are nonresponsive to 

treatment of other anterior segment conditions; management 

of adjacent conditions will not be successful at stemming 

demodicosis and alleviating symptoms.7

D. folliculorum signs include cylindrical dandruff (CD) 

and eyelash disorders such as trichiasis, distichiasis, mada-

rosis, and erythema of the eyelid margin.4,27 CD consists of 

fine, waxy, dry debris concentrated at the base of the lash 

and is considered pathognomonic of Demodex (Figures 1 

and 2).4,7,27 CD indicates the presence of high-density Demo-

dex mite infestation.

The associated anterior segment findings may be exten-

sive and should prompt suspicion of demodicosis. Lid margin 

inflammation stems from the aforementioned mechanical 

and hypersensitivity impacts of the Demodex mite. MGD 

may be exacerbated to the point of hordeola or chalazia, 

often chronic. Blepharoconjunctivitis and blepharokeratitis 

may also be noted, and speak to the wide-ranging impacts 

that the Demodex mites may have on the ocular surface. 

Non-resolving cases of blepharoconjunctivitis have been suc-

cessfully resolved with the treatment of Demodex. Similarly, 

in cases of corneal changes, including neovascularization, 

infiltration, opacification, and scarring – especially those 

non-resolving on therapy – Demodex should be considered 

as a potential etiology.3

A definitive diagnosis of Demodex infestation is made 

by sampling lashes and examining samples with a confocal 

microscope.4 Standard sampling, defined by Coston, recom-

mends the random epilation of four nonadjacent lashes per 

eyelid.27,28 It should be noted that sampling of lashes with CD 

is more likely to yield results, however (Figure 3).3 Lashes 

are then mounted to a coverslip with the addition of a droplet 
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of oil.28 This method has been shown to underestimate the 

density of infestation. As CD indicates higher detection of 

mites, Demodex counts may vary based on the presence of 

CD at the base of the epilated lash.5

Modifications have been made to the Coston method of 

sampling including adding sodium fluorescein and other 

liquids to dissolve the debris. Sodium fluorescein, peanut oil, 

or 75% alcohol helps release embedded Demodex. Hom et al 

describes an additional method of exposing mites by rotating 

the lashes to scrape out mites residing deeper in the follicle.27 

This method may change future clinical patterns and standard 

of care, as lashes do not need to be epilated. In vivo confocal 

laser scanning microscopy (CLSM) is an alternate method to 

confirm diagnosis. It allows for a noninvasive magnified view 

of the affected follicles.7 With CLSM, mites appear round or 

cone-shaped; however, the two species of Demodex cannot 

be differentiated with this method.4 This method has been 

found to be a superior diagnostic tool compared to standard 

eyelash sampling with microscope viewing.29 CLSM can 

not only provide insightful information regarding MGD and 

conjunctival involvement but also assist in monitoring the 

condition for improvement.30 Unfortunately, patient coopera-

tion is key with either method, and especially challenging in 

pediatric populations.3

After sampling, the question remains what number of 

mites represents normal infestation versus pathognomonic 

overgrowth or what number of mites is required to elicit 

symptoms. Further research is needed in these areas.

Management
One of the primary goals in treating Demodex is to reduce 

parasitic overpopulation in the lids and lashes to decrease 

inflammation, providing a healthier environment for the 

Figure 1 Example of a patient with Demodex folliculorum. Note the cylindrical 
dandruff at the base of the eyelashes which are pathognomonic of demodicosis.

Figure 2 Another example of a patient with demodicosis and cylindrical dandruff 
caused by Demodex folliculorum.

Figure 3 Microscope photograph of an epilated eye lash showing Demodex 
folliculorum. Photography courtesy of Scott Hauswirth, OD.
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ocular surface. While therapy for traditional blepharitis 

includes warm compresses and antibiotic/steroid combina-

tions, these therapies do not eradicate Demodex, often causing 

the condition to persist.31 If left untreated – or when poorly 

managed – adverse effects such as redness, inflammation, 

telangiectasia, MGD, and ocular allergy may persist.

Patients must understand that long-term lid hygiene is 

required as Demodex is a chronic condition requiring chronic 

therapy. Prior to initiating therapy, there are several effective 

in-office demonstrations that have proven to increase compli-

ance among patients with Demodex, as many lid therapies 

targeted specifically for Demodex cause ocular discomfort 

contributing to therapy dropout.32 Anterior segment imaging, 

epilation of lashes, and use of an allergy or ocular symptom 

survey may be beneficial to help increase compliance with 

therapy, monitor the progression of the condition, as well 

as subjective improvement.4,27 While allergy surveys may 

not specifically target Demodex symptoms, they may help 

monitor for improvement in some of the subjective symptoms 

associated with Demodex such as ocular itching.33,34

When treating Demodex, the primary goal is to reduce 

the number of mites as the entire mite population cannot be 

completely eliminated.35,36 There are a number of effective 

treatment options for patients with Demodex, and selection 

is based on the severity of the condition. Management may 

include a combination of lid scrubs and removal of the 

eyelash collarettes with the use of a blepharitis brush or a 

cotton-tipped applicator and lid foam. Recent publications 

have demonstrated that baby shampoo should not be used 

for lid hygiene as it is ineffective and may have a negative 

effect on the tear film; the survival time of D. folliculorum 

in 50% baby shampoo was >150 min and showed no change 

in quantity over the course of 350 days.35

Demodex mites are resistant to a wide range of antiseptic 

agents including 75% alcohol, 10% povidone-iodine, and 

erythromycin.32 The most effective and commonly used treat-

ment agent for Demodex is tea tree oil.32,35,37 Tea tree oil is 

currently the go-to in-office and at-home treatment option for 

Demodex.32,35,37 Terpinen-4-ol – a terpene with antimicrobial, 

antifungal, antiviral, antiseptic, and acaricidal properties – is 

the active ingredient in tea tree oil.35,37

Terpinen-4-ol has acetylcholinesterase-inhibiting effects 

that produce the acaricidal effect.37 This leads the mite to exit 

the hair follicle and migrate onto the skin before mating.9,32,37 

Studies have demonstrated that as low as 5% concentration 

(when applied to the lids twice daily) and as high as 50% 

concentration (when applied once weekly) of tea tree oil are 

effective at reducing Demodex infestation when applied to 

the lids and base of the eyelash follicle.32,37 A 38% concen-

tration of terpinen-4-ol has been shown to reduce Demodex 

effectively over a period of 4 weeks.37

In patients with skin sensitivities, tea tree oil may cause 

dermatitis, allergy, and ocular irritation, especially with 

higher concentrations.38 For this reason, it is recommended 

that treatment with high concentrations of tea tree oil (50%) 

be performed in office.39 The goal of the weekly office lid 

scrub with 50% tea tree oil solution it to stimulate the mites’ 

migration out of the lash follicle. This is then followed by 

daily home lid scrub with tea tree oil to prevent Demodex 

replication on the surface of the skin.35,40 Patients typically 

need to return for several in-office treatments of tea tree oil 

over the course of weeks to months in addition to performing 

daily home therapy.

Patients with Demodex are typically prescribed an eye-

lid cleanser that contains tea tree oil twice daily in order to 

eradicate the Demodex mites. They are instructed to cleanse 

the lids and lashes, as well as smear the lid cleanser onto the 

eyelash roots of both the upper and lower eyelid margin.4,41 

Complete coverage of the eyelash base by the tea tree oil lid 

cleanser is necessary to be effective so that mites are unable 

to lay eggs and hatch more Demodex mites.41 Patients should 

be instructed to use the wipes on their eyelashes, forehead, 

eyebrows, and cheeks as the mites live in all of those areas.32,39

There are many commercially available products that con-

tain tea tree oil. Some practitioners have found it beneficial 

to dilute commercially available tea tree oil with macadamia 

nut or walnut oil to decrease patient discomfort and toxicity 

to the ocular surface while maintaining efficacy in eradicating 

the mites.38 However, caution must be taken in those patients 

with nut allergies. The most commonly used over-the-counter 

lid cleansing wipes (Table 1) for the management of Demodex 

include Cliradex® (Bio-Tissue, Inc., Miami, FL, USA) and 

OCuSOFT® Lid Scrub Plus (OCuSOFT, Richmond, TX, 

USA). Cliradex® is a lid wipe that contains terpinen-4-ol.39–41 

OCuSOFT® Lid Scrub Plus contains a 0.5% solution of 

1,2-octanediol, which when used over a 4-week period has 

been shown to decrease Demodex infestation.41 In addition to 

branded Avenova® (NovaBay Pharmaceuticals, Emeryville, 

CA, USA), some mild generic lid cleansers contain detergents 

or hypochlorous acid, which are active against bacterial, 

fungal, and viral pathogens.39,41 Hypochlorous acid has been 

shown to be effective in controlling biofilms and in wound 

healing. Studies have shown a reduction in the number of 

Demodex mites with management of hypochlorous acid.39,41
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Mild cases are prescribed at-home treatments of once-a-

day tea tree oil shampoo and facial wash.4 Moderate-to-severe 

patients are managed with weekly in-office treatments of 

high-concentration tea tree oil for 3 consecutive weeks and 

tea tree oil lid wipes or lid cleanser twice per day at home. In 

addition, every 3–6 months, severe patients may be treated 

with BlephEx™, a device by Rysurg utilized to remove the 

eyelash collarettes by a method known as microblepharo-

exfoliation.39 Microblepharoexfoliation involves removal 

of the biofilm on the surface of the lids and lashes using a 

high-speed rotary sponge soaked in lid cleanser.39 This also 

helps remove the eggs of the mites at the base of the eyelash 

follicle. Patients of all severity levels should also be instructed 

to discard their make-up, use hot water to wash their clothes, 

and dry linens on the high-dryer setting.

While treatment methods including tea tree oil and 

microblepharoexfoliation are effective at reducing Demodex, 

studies have shown that no single management option fully 

eradicates Demodex after 4 weeks of therapy, highlighting 

the chronic nature of the condition and requirement for 

long-term therapy.41

Conclusion
Ocular Demodex is a common, but clinically underdiagnosed 

condition. From lashes to lid, conjunctiva to cornea, its effects 

can be widespread. To identify Demodex as the underlying 

cause, lash sampling and microscopic evaluation may be 

useful, but clinical signs – especially CD – should also be 

considered. Failure to diagnose Demodex as the underlying 

cause of patients’ signs and symptoms may result in nonef-

fective treatment, which can result in frustration for both 

the clinician and patient. Treatment to completely eradicate 

the mite is often unrealistic. More importantly, the goal of 

treatment is to reduce the overgrowth which will alleviate 

clinical signs and improve patient symptoms.
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Table 1 Summary of lid cleansers for Demodex

Cleanser Manufacturer Active ingredients

Cliradex® and Cliradex® Light (towelettes and foam) Bio-Tissue, Inc. 4-Terpineol (T40)
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