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Purpose: A high density of Demodex infestation in human eyelids and eyelash follicles has been implicated in a variety of ocular
surface conditions. However, Demodex infestation often goes undiagnosed and untreated, due to an overlap in signs and symptoms
with other sources of ocular surface inflammation. We sought to refine the diagnostic technique for outpatient assessment for Demodex
infestation and determine prevalence of Demodex mites in the hair follicles of eyelashes from patients in a standard ophthalmic
practice.

Patients and Methods: Patients recruited from a single outpatient ophthalmology clinic were examined for the presence of Demodex
mites following standard ophthalmic consultation. During anterior segment biomicroscopic examination, investigators searched for
cylindrical dandruff and collarettes around the base of patient eyelashes. These were removed, and individual eyelashes manipulated
with tweezers to reveal Demodex mites. Presence of Demodex, cylindrical dandruff and collarettes, time taken to identify the first
Demodex mite, mean number of Demodex mites per hair shaft, and patient-reported symptoms of blepharitis were recorded and
analyzed to determine potential correlations.

Results: A total of 173 patients were recruited, of whom 106 were included in Demodex prevalence analyses. Demodex infestation
was identified in 100/106 (94%) patients, with a mean time of 2 minutes and 20 seconds taken to find the first Demodex mite and
a mean number of 3 mites identified per hair shaft. Presence of Demodex significantly correlated with the presence of cylindrical
dandruft (98/106 [92%] patients; p < 0.001), but not with the presence of collarettes (62/106 [58%] patients; p = 0.230) or symptoms
of blepharitis (15/106 [14%] patients; p = 0.591).

Conclusion: These results highlight the pervasiveness of Demodex infestation, predicted by the presence of cylindrical dandruff, in
the eyelashes of patients in a standard ophthalmic practice. They support the use of a non-invasive diagnostic technique to allow fast,
simple identification of Demodex by ophthalmologists and optometrists in outpatient clinical practice.
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Plain Language Summary
This study is about a group of microscopic mites called Demodex that live in people’s eyelids and eyelashes. High numbers of
Demodex mites can cause a variety of eye conditions that make people’s eyelids red, swollen, irritated, and itchy. While infestations of
Demodex are often easy to treat once identified, they often go undiagnosed since their symptoms are similar to other causes of eye
irritation. We wanted to simplify the techniques that eye doctors can use to diagnose Demodex infestations in order to find out how
common Demodex mites are among patients visiting an eye clinic.

We refined a simple technique to diagnose Demodex infestation in human eyelids using an ophthalmic microscope and tweezers.
Using this technique, we examined the eyelids of 106 eye clinic patients and found that almost all of them had Demodex mites in their
eyelashes. We found an average of 3 Demodex mites per eyelash examined, taking an average time of 2 minutes and 20 seconds to find
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the first Demodex mite. Demodex mites were more likely to be found in patients who had cylinders of dandruff around the base of their
eyelashes than in those who did not.

Our results suggest that Demodex mites are widespread in the eyelashes of eye clinic patients and that eye doctors can use a simple
and quick technique to diagnose Demodex infestation in their patients. We propose that ophthalmologists and optometrists should

consider using this diagnostic technique in patients with signs and symptoms of Demodex infestation.

Introduction

Demodex (Demodex folliculorum and Demodex brevis) is a genus of mites known to reside commonly in human hair
follicles.'* These transparent mites are 0.3—0.4mm in length, with four short pairs of legs located on the anterior segment
of the body, and a longer tubular-shaped posterior segment. They can be found in the sebaceous glands of the scalp, face,
and ears, and in the meibomian glands of the eyelids and eyelash follicles, where they anchor themselves to the follicle
head-downwards, with their posterior segment protruding.'~

A high density of Demodex infestation has been implicated in a variety of ocular surface conditions such as
blepharitis, an inflammation of the eyelids that can cause burning or itching sensations, redness and scaling.”™*
Demodex folliculorum infestation is also one of the key contributors in the pathogenesis of meibomian gland dysfunction
(MGD) related dry eye, and a higher prevalence of chalazion was found in D. folliculorum infected patients.”® It is
thought that Demodex folliculorum can cause anterior blepharitis through micro-abrasion and irritation of the eyelash
follicles, while Demodex brevis can cause posterior blepharitis with meibomian gland dysfunction and keratoconjuncti-
vitis through mechanical blockage.>* Indeed, a meta-analysis of blepharitis case—control studies, including a total of
nearly 5000 participants, confirmed a stable and statistically significant association between Demodex infestation and
blepharitis with a pooled odds ratio of 4.89 (95% confidence interval 3.00~7.97) in random effect models.’

Several local or systemic treatment options are available for Demodex blepharitis, which have been shown to be
effective at reducing or eradicating Demodex mites and improving the symptoms of blepharitis.® Treatment selection is
usually based on the severity of the condition, with local treatments favored in the majority of cases due to fewer
systemic side effects.®* While Demodex infestation is resistant to a wide range of common antiseptic solutions including
75% alcohol and 10% povidone—iodine and antimicrobials such as erythromycin and metronidazole, mites can dose-
dependently be killed by tea tree oil, which forms the basis of several treatments for Demodex.” In the literature, it is
found that ivermectin (topical and systemic) and ivermectin-metronidazole (topical) are also good anti-Demodex
interventions. In addition to traditional pharmacotherapy, light therapies, especially IPL and skin cleansing, could also
be considered as effective methods to control Demodex mite infestation.'® Examination for Demodex infestation should
therefore be considered in patients with symptomatic blepharitis and remedial treatment offered to patients in whom
Demodex mites are found to be present.''

However, Demodex infestation often goes undiagnosed and untreated, due to a significant overlap in signs and
symptoms with other ocular surface conditions including anterior or posterior blepharitis, evaporative or non-evaporative
dry eye, and other sources of ocular surface inflammation.’ A conventional method of diagnosing Demodex infestation
involves the epilation and microscopic evaluation of four nonadjacent lashes per eyelid, where mites can be visually
identified by their characteristic morphology and motility.! However, such procedures can be time-consuming to perform
and uncomfortable for patients. In addition, random eyelash epilation has been shown to underestimate the density of
Demodex infestation, since mite counts may vary based on the presence of cylindrical dandruff at the base of the epilated
lash.>'? Consequently, ophthalmologists and optometrists do not commonly diagnose and treat Demodex in routine
practice.'?

A need therefore exists for the incorporation of novel diagnostic techniques into standard outpatient practice, to allow
ophthalmologists and optometrists to assess the prevalence of Demodex mites quickly, simply, and accurately. In clinical
studies using epilation techniques, presence of cylindrical dandruff on the eyelashes has been shown to indicate
a high-density Demodex infestation.'* An alternative technique of identifying Demodex infestation has been previously
described, in which mites can be identified in situ under 25-40x biomicroscopic magnification by the removal of
cylindrical dandruff and application of rotation and lateral tension to eyelashes without epilation, in order to expose and

visualize mites at the eyelash follicle.'>'®
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The aim of our study was to determine the prevalence of Demodex mites in the hair follicles of eyelashes from
patients within a standard ophthalmic practice, using an in situ diagnostic technique. In order to do this, a pilot study was
set up to refine the in situ diagnostic technique previously described by not epilating the hair follicle as was done by
Muntz,15 16

in outpatient clinical practice. This was followed by a larger study, which investigated the prevalence and density of

and determine the easiest way for ophthalmologists and optometrists to identify and examine Demodex mites

Demodex infestation in the eyelash hair follicles of ophthalmic outpatients using the early described in situ diagnostic
technique.

Materials and Methods
Study Population

For both the pilot and larger prevalence study, patients were recruited from a single outpatient ophthalmology clinic
(Eyescan Rijswijk and Warmond, Rijswijk, the Netherlands; formerly Oogheelkunde Rijswijk). Patient recruitment
occurred between November 2019 and January 2020. Consecutive consenting patients were recruited during a normal
ophthalmic consulting hour, with no specific inclusion or exclusion criteria. Patients were subsequently excluded if they
were unable to undergo a thorough eyelid examination due to conditions including excessive blinking, eyelid-squeezing,
head-throwing, name-calling, light-headedness, or fainting. All other patients underwent an in-situ examination technique
for the diagnosis of Demodex infestation.

This study followed the tenets of the Declaration of Helsinki and was approved by the Oogheelkunde Rijswijk
institutional review board. Informed consent was obtained from all participants after explanation of the nature and
possible consequences of the study. No patients refused to participate in the study.

Pilot Study Design and Procedures

The aim of the pilot study was to determine an optimal diagnostic technique for the identification and examination of
Demodex mites in outpatient clinical practice. In order to do this, investigators replicated and refined the in-situ technique
for identifying Demodex infestation previously described by Muntz et al.'> Briefly, investigators searched for character-
istics of Demodex infestation, such as cylindrical dandruff and collarettes around the base of eyelashes, during an anterior
segment biomicroscopy assessment. To identify the presence of Demodex infestation, cylindrical dandruff and collarettes
were first removed from the eyelashes, then the eyelashes were manipulated with tweezers to reveal the Demodex mites
(Figure 1).

Prevalence Study Design and Procedures

For the prevalence study, consecutive patients were examined using a refined in situ diagnostic technique whereby the
presence of Demodex mites was investigated following standard ophthalmic examination. For each patient, the upper and
lower eyelids of both eyes were examined at 40x magnification. Any patients unable to undergo a thorough eyelid
examination due to excessive retraction, movement, or blinking were excluded from the study.

On each eyelid, eyelashes were examined for cylindrical dandruff and collarettes using tweezers. If found, cylindrical
dandruff and collarettes were removed, and the hair was manipulated by laterally tensioning and twisting in such a way
that one or more Demodex mites, if present, rose up the hair shaft. This technique was continued for one minute; if no
eyelash hair could be grasped within this timeframe, the investigation was discontinued. Otherwise, investigation
continued until the upper and lower eyelids of both eyes had been thoroughly examined.

Outcome Measures
In the pilot study, presence of Demodex mites, cylindrical dandruff and collarettes, and patient-reported symptoms of
blepharitis were recorded for each patient. In addition, the time taken searching for Demodex infestation and the mean
number of Demodex mites identified per hair shaft were recorded for each patient.

Similarly, presence of Demodex mites, cylindrical dandruff and collarettes, and patient-reported symptoms of
blepharitis were recorded for each patient in the prevalence study. In addition, the time taken to find the first
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Figure | Technique for identifying the Demodex mite. Cylindrical dandruff (A) is sought and removed (B), then the hair follicle is manipulated (C) to reveal Demodex mites (D).

Demodex mite, mean number of Demodex mites identified per hair shaft, and mean amount of cylindrical dandruff
identified per 40x magnification view were recorded for each patient. Patient baseline characteristics, including age, were
also documented.

Statistical Analyses

For both the pilot and prevalence studies, examination results were statistically analyzed to determine potential
correlations between the presence or density of Demodex infestation and the other clinical variables assessed.
Statistical analyses were performed using SPSS statistics software version 28, and statistical significance was assigned

to p-values of less than or equal to 0.05.
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Categorical variables including the presence or absence of cylindrical dandruff and collarettes and continuous
variables including patient age and mean time taken to identify Demodex were analyzed for potential associations
with the presence or density of Demodex infestation. In addition, patient-reported symptoms of blepharitis were analyzed
for potential associations with the presence of Demodex infestation, cylindrical dandruff, or collarettes. Fisher’s exact test
was used to determine any potential associations between two categorical variables. Pearson’s correlation coefficient was
used to analyze the correlation between two continuous variables and the statistical significance of any differences

between the means of two continuous variables was analyzed using an independent 7-test.

Results

Patients

Between November 2019 and January 2020, a total of 173 patients were recruited for in situ examination for the presence
of Demodex infestation following a standard ophthalmic consultation. Patient disposition is shown in Figure 2. A total of
13 patients were included in the pilot study. Following the pilot study, a further 45 patients were assessed for Demodex
infestation in order to improve the diagnostic technique and provide a learning curve for investigators. Results of this
learning phase were not recorded.

A total of 115 patients were enrolled in the subsequent prevalence study. Of these, 9 patients were excluded from the
study for conditions that prevented thorough eyelid examination including excessive blinking, eyelid-squeezing, head-
throwing, name-calling, light-headedness, and fainting. The remaining 106 patients were included in the prevalence study
analyses. The mean age of patients included in prevalence study analyses was 66.4 years (standard deviation £14.6; range
20-86) and 60/106 (57%) patients were female. Eye drops were being used by 43/106 (41%) patients; the majority of
patients had a history of eye surgery and/or other non-ophthalmological comorbidities. Patient baseline characteristics are
presented in Table 1.

Pilot Study Results

During the pilot study, investigators spent a total of 23 minutes and 30 seconds searching for Demodex infestation across
all patients, spending a mean average time of 1 minute and 48 seconds (range 30 seconds to 3 minutes) searching each
patient. Presence of Demodex infestation was identified in all 13 (100%) patients; the mean number of Demodex mites
identified per hair shaft was 2 (range 1-4).

Cylindrical dandruff was identified in all 13 (100%) patients, and collarettes were identified in 7/13 (54%) patients.
All patients who had cylindrical dandruff also had presence of Demodex infestation. However, since both of these
examination results were constants, a statistical correlation between the two categorical variables could not be estab-
lished. Statistical analysis found no significant correlation between presence of collarettes and the amount of Demodex
per hair shaft (p = 0.8 by independent 7-test).

A total of 7/13 (54%) patients reported symptoms of blepharitis, which included dry eyes and a “grain of sand”
feeling. The presence of collarettes was associated with the reported symptoms of blepharitis (Figure 3).

Recruited (N = 173) |

y

Pilot study (n = 13) Refinement (n = 45) Prevalence study (n = 115)
+ 0 patients excluded « Diagnostic technique * 9 patients excluded
refined

* Investigator learning curve
« Results not recorded

v

Completed examination: Completed examination:
n =13 (100%) n =106 (92%)

Figure 2 Patient disposition.
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Table | Patient Baseline Characteristics (Prevalence Study, N = 106)

Baseline Characteristic Patients
Mean age, years (range) 66.4 (20-86)
Female gender, n (%) 60 (57)

Ophthalmological history, n (%)

Dry eyes (prior to consultation) 4 (4)
Eye surgery 56 (53)
Phacoemulsification (one or both eyes) 37 (35)
Vitreoretinal surgery 19 (18)
Glaucoma 12 (11)
Current use of eye drop medication, n (%)* 43 (41)
Artificial tears 26 (25)
Pressure-lowering eye drops 12 (11)
Corticosteroid eye drops (as treatment or post-operative prophylaxis) 14 (13)

Comorbidities, n (%)

Diabetes mellitus 18 (17)
Hypertension 38 (36)
Dyslipidemia 28 (26)
Thyroid disease 10 (9)
Kidney disease 6 (6)
Rheumatoid arthritis 3(3)

Note: *One patient can use none, one or several eye drops.

Prevalence Study Results

During the prevalence study, the mean time taken for investigators to find the first Demodex mite was 2 minutes and 20 seconds
(standard deviation +20 seconds; range 30 seconds to 10 minutes) and a mean number of 3 Demodex mites were identified per
hair shaft. The number of Demodex mites identified per hair shaft was found to be negatively correlated with the time taken to
find the first Demodex mite (Pearson’s correlation coefficient of —0.402; p < 0.001). Therefore, the greater the number of
Demodex mites per hair shaft, the less time it took for investigators to identify the first Demodex mite (Figure 4).

Collarettes present versus symptoms of blepharitis

Yes

Collarettes/symptoms present

No

Patient number

mmm Collarettes present === Symptoms of blepharitis

Figure 3 Correlation between presence of collarettes and patient-reported symptoms of blepharitis.

2032 e Clinical Ophthalmology 2023:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Boel et al

Number of Demodex per hair shaft identified versus time taken to find
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Figure 4 Correlation between the number of Demodex mites identified per hair shaft and the time taken to find the first Demodex mite (Pearson’s correlation coefficient —0.402;
p<0.001).

Opverall, presence of Demodex infestation was identified in 100/106 (94%) patients, cylindrical dandruff was identified in
98/106 (92%) patients, and collarettes were identified in 62/106 (58%) patients. Presence of Demodex infestation was
significantly associated with presence of cylindrical dandruff (p < 0.001 by Fisher’s exact test) but was not found to be
associated with patient age (p = 0.117 by independent 7-test) or presence of collarettes (p = 0.230 by Fisher’s exact test).
Investigators identified a mean number of 3.35 cylindrical dandruffs per 40x magnification view across all patients and eyelids
studied. There was a positive correlation between the mean number of Demodex mites identified per hair shaft and the amount
of cylindrical dandruff seen per 40x magnification view (Pearson’s correlation coefficient of +0.537; p <0.001). Therefore, the
greater the amount of cylindrical dandruff present, the more Demodex mites were identified.

A total of 15/106 patients (14%) reported symptoms of blepharitis, including dry eyes and a “grain of sand” feeling.
Some of these patients also reported additional symptoms including blurred vision, tearing eyes, and red or swollen
eyelids (Table 2). No significant associations were found between patient-reported symptoms of blepharitis and presence

Table 2 Patient-Reported Symptoms of Blepharitis
(Prevalence Study, N = 106)

Symptom of Blepharitis Patients, n (%)
No symptoms mentioned 91 (86)

Dry eyes 15 (14)

“Grain of sand” feeling 15 (14)

Blurred vision 8 (8)

Tearing eyes 4 (4)

Red and/or swollen eyelids 5(5)
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of Demodex infestation (p = 0.591 by Fisher’s exact test), cylindrical dandruff, or collarettes (both p = 1.000 by Fisher’s
exact test). Neither were patient-reported symptoms of blepharitis found to be associated with the mean number of
Demodex mites identified per hair shaft (p = 0.08 by independent 7-test) or the mean amount of cylindrical dandruff
identified per 40x magnification view (p = 0.571 by independent 7-test).

Discussion

Our study on the accurate diagnosis and prevalence of Demodex highlights the pervasiveness of Demodex infestation in
a standard ophthalmic practice. We found an extremely high prevalence of Demodex mites in the eyelids of 94% of
ophthalmology clinic outpatients. These findings are somewhat higher than those of prior studies, which have found that
1217 and between 18%

and 55% of ophthalmology patients without blepharitis.'*'® However, our findings may be confounded by a bias in

Demodex mites are present on the eyelashes of between 43% and 90% of patients with blepharitis,

patient selection; this study may have identified a particularly high prevalence of Demodex infestation as all subjects
were clinical outpatients with a wide range of pre-existing ocular conditions, whereas previous studies recruited subjects

with a narrower range of ocular complaints'*'” 12.18

or with no pre-existing ocular or lid and margin disease.

The higher prevalence of Demodex infestation found in our study may also be due in part to the use of an improved
in situ technique for Demodex identification, compared with prior studies which have used the technique of eyelash
epilation for microscopic identification of Demodex mites.'*!”'® An alternative in situ technique for the clinical
diagnosis and grading of Demodex infestation, described by Muntz et al, has previously been shown to identify
a higher number of Demodex mites per eyelash than epilation techniques.'> Our study substantiates this technique,
whereby investigators are able to visualize mites at the exposed eyelash follicle by removing cylindrical dandruff and
applying static, lateral tension to the eyelash without epilation. The results of our study confirm that this method is
convenient and clinically applicable, requiring only tweezers and 40x biomicroscope magnification, and allowing for
rapid, efficient evaluation of large numbers of eyelashes with confirmation of Demodex infestation within 2-3 minutes.
During our study, this technique was performed successfully both by optometrists and by ophthalmologists. We suggest
that it could be carried out simply and effectively in standard outpatient practice.

The results of our study showed that the more Demodex mites present per hair shaft, the faster they were to be found.
Demodex mites were not always found in both eyes or eyelids; in some patients they were found exclusively in the upper
eyelids or in one eye. It was therefore important to conduct a thorough search during examination. Examination was highly
dependent on patient cooperation. Some patients experienced cylindrical dandruff removal or eyelash pulling and twisting as
itchy and painful, and thorough examination was not possible in 9 of the 115 patients enrolled in the prevalence study. In
addition, a learning curve was needed in order for individual investigators to identify Demodex mites efficiently. Identification
was more difficult in patients with light skin or hair because the transparent mites are less noticeable than on dark skin or hair.
Based on these findings, we recommend that optometrists and ophthalmologists should receive training on in situ techniques
for the accurate diagnosis of Demodex infestation, to inform treatment decisions for their patients with blepharitis.

Prior clinical studies have suggested that presence of cylindrical dandruff in a patient’s eyelashes is indicative of
high-density Demodex infestation.'>'*!*2! Our study found a significant association between the presence and density
Demodex infestation and the presence and density of cylindrical dandruff. The greater the amount of cylindrical dandruff
present, the more Demodex mites were identified, suggesting that presence of cylindrical dandruff is predictive of
Demodex infestation. It is therefore important for optometrists and ophthalmologists to conduct a thorough examination
for cylindrical dandruff, as well as Demodex mites themselves. The following clinical sequence has been previously
suggested to identify Demodex infestation: (1) Confirm clinical history of blepharitis, dry eyes, and/or ocular allergy; (2)
Slit-lamp examination of cylindrical dandruff; (3) Confirmation of Demodex infestation using light microscope evalua-
tion of epilated lashes.”* We recommend replacing the final step in this sequence with the diagnostic technique conducted
in our study of removing cylindrical dandruff and manipulating the hair follicle to reveal Demodex mites in situ, to enable
quick and easy identification and examination of Demodex in standard outpatient practice. Conducting such examinations
in routine clinical practice should alert clinicians to treat concomitant Demodex infestation in patients with blepharitis.'*

The exact pathogenesis of blepharitis is unknown but is suspected to be multifactorial, with causes including bacterial
infection of the ocular surface, infestation with organisms such as Demodex, and inflammatory skin conditions such as
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atopy and seborrhoea.”? Whether Demodex is commensal or parasitic remains an area of dispute, as mites are found in
both symptomatic and asymptomatic individuals.>* Although few guidelines exist for the diagnosis and treatment of
Demodex in clinical practice, the TFOS DEWS II management and therapy report recommends tea tree oil treatment for
patients in whom Demodex infestation is present if the initial management of blepharitis is inadequate.'' Topical tea tree
oil-based treatments (5% or 50%) such as terpinen-4-ol (25%) have been shown to be effective in eradicating Demodex
mites and alleviating the symptoms of blepharitis and may also exert antibacterial, antifungal, and anti-inflammatory
actions.®** Demodex eradication is not entirely successful with terpinen 4 old derivatives. The main goal is to reduce the
amount of demodex and the complaints that patients experience from the mite.”* It is therefore important that
optometrists and ophthalmologists know how to check their patients for Demodex infestation, so they can offer
appropriate treatment to those with symptoms. For patients with symptoms of blepharitis, Demodex infestation can be
treated in standard outpatient practice with tea tree oil or terpinen-4-ol, initially for one month or until these symptoms
resolve.®'! Once symptoms resolve, normal eyelid hygiene is advised to keep eyelids clean and in good condition. It is
likely that Demodex infestation will eventually return, and if symptoms recur then intermittent use of topical treatment
may be needed.?®

Prior clinical studies have shown that prevalence of Demodex infestation is higher in patients with blepharitis than in

1218 and appears to be associated with advancing age.'”*® Our study, however, did not find any correlation

those without,
between presence of Demodex infestation and either patient age or reported symptoms of blepharitis. This lack of
correlation may be due in part to the limited size and wide range of pre-existing ocular conditions in the patient
population studied. However, it supports previous observations that Demodex mites are found in both symptomatic and
asymptomatic individuals, suggesting that Demodex infestation does not cause symptoms for everyone. We found that the
skin of older patients was more hardened, making Demodex mites easier to see, although the mite was also found in
younger patients. However, these results should be interpreted with caution since our study was limited to a select group
of patients within a single ophthalmology practice and was not representative of the wider population. The proposed
technique could be a basis for the future studies for the diagnosis and follow-up of current treatments or proposed
treatments. The mean age of patients in the prevalence study was over 65 years and few patients aged under 50 took part.
Furthermore, not all enrolled patients were able to be examined, potentially introducing further selection bias to the study
results.

Conclusion

In conclusion, our study demonstrated a very high prevalence of Demodex infestation, predicted by the presence of
cylindrical dandruff, in the eyelashes of patients in a standard ophthalmic practice and use an in situ diagnostic technique
for ophthalmologists and optometrists to determine the prevalence and density of Demodex mites in outpatient clinical
practice. This study demonstrates that with a short-time investment, Demodex can be diagnosed and treated specifically
and quickly. Future studies to explore the potential benefits of outpatient identification and treatment of symptomatic
Demodex infestation would be welcomed, including assessment of optimal conditions for treatment initiation, length of
treatment, and need for re-treatment should infestation or symptoms reoccur.
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