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A B S T R A C T

Purpose: To investigate the effect of Blephadex™ Eyelid Wipes on Demodex mites, ocular microbiota, bacterial
lipase, tear film characteristics and ocular comfort after one month of daily use.
Methods: Twenty subjects were randomly assigned to use the Blephadex™ Eyelid Wipes on either eye once daily
for 30 days whilst the contralateral eye was left untreated in this observer-masked, within-subject study.
Demodex count, eyelid bacterial colony count, Tearscope Plus non-invasive tear break up time (NITBUT),
Lipiview® tear film lipid layer thickness and phenol red thread test tear volume were measured at baseline and
30 days. Bacterial lipase was quantified from single bacterial colonies using a glycerol monolaurate assay. Ocular
comfort was assessed at both visits using the Ocular Surface Disease Index (OSDI) questionnaire and visual
analogue scales (VAS) to capture monocular symptoms of itching, dryness and overall discomfort.
Results: Six males and 14 females, median age 63.5 (range 48–76) completed the study. A statistically significant
reduction in Demodex count was observed in treated eyes only (median ± IQR: treated eyes 2 ± 3 vs. 0 ± 2,
ANOVA p = 0.04). Bacterial colony count, lipase production, NITBUT, lipid layer thickness and tear volume
remained unchanged (p>0.05). Overall comfort improved over time in treated eyes only (15 ± 32 vs.
10 ± 16, p = 0.05). Dryness symptoms significantly reduced in both treated and untreated eyes (23 ± 42 vs.
12 ± 21 and 23 ± 41 vs. 10 ± 15, p = 0.02). The OSDI and ocular itch scores remained unchanged
(p>0.05).
Conclusion: In this pilot study, no changes were observed in ocular microbiota, tear film characteristics or
bacterial lipase in eyes treated with Blephadex™ Eyelid Wipes after one month of daily use in this normal healthy
population. Although a statistically significant reduction in Demodex count was observed in treated eyes, overall
numbers of Demodex were low. A parallel group, placebo-controlled, randomised clinical trial in a population
with active blepharitis is warranted to further elucidate these preliminary findings.

1. Introduction

Demodex mites are commonly found on the periocular skin and
eyelashes, with increasing rates observed with age. [1,2] However,
these microscopic ectoparasites found on the skin of healthy asympto-
matic humans have also been shown to have pathogenic potential [3,4].
Demodex have been associated with anterior and posterior blepharitis,
disorders of the eyelashes, keratoconjunctivitis and contact lens wear.
[1,5] Furthermore, ocular discomfort has been also been associated
with higher Demodex counts. [1,6] Demodex mites are known to feed on
sebum and therefore tend to propagate around hair follicles and se-
baceous glands. [1] Bacteria, such as Staphylococci spp. which are
known to play a significant role in blepharitis, have been found on the
surface of the Demodex mite body. [1,7] These bacteria produce lipase

that has the potential to alter meibomian secretions that are essential
for providing a smooth optical surface for the eye and are thought to be
crucial to impeding evaporation of the tear aqueous [8–10]. It has been
postulated that lipases are also necessary for Demodex to digest the
sebum it feeds on. [1,11] Free fatty acids that result from the action of
lipases on meibum are toxic to the ocular surface [10,12]. Increased
amounts of lipases and degraded lipids have been observed in the tear
film of symptomatic contact lens wearers and associated with higher
dry eye history and symptom scores [13].

Agents that have been investigated as a potential treatment for
ocular Demodex include pilocarpine gel, metronidazole gel and mercury
oxide ointment. [14,15] However more recent studies which are sum-
marised in the TFOS DEWS II Management and Therapy Report, have
found topical products containing tea-tree oil or oral ivermectin to be
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more appropriate [16]. Tea tree oil, which also has antimicrobial and
antifungal properties, has been demonstrated to be effective for elim-
inating ocular Demodex and improving subjective ocular symptoms in
both in vitro and in vivo prospective, randomised studies. [17–21]
However, ocular irritation has been reported with use of tea tree oil if
not diluted appropriately [19,22]. Commercial eyelid wipes offer a
mode of treatment which can be applied at-home and have been found
to be favoured by patients for convenience and ease of use. [23] One
previous study demonstrated that eyelid hygiene using commercial
eyelid wipes in conjunction with eyelid massage is associated with
improved ocular comfort in people with blepharitis and meibomian
gland dysfunction [24]. Another more recent study found that a com-
mercial eyelid wipe containing 0.5% 1,2-Octanediol used daily for 60
days was able to reduce Demodex numbers and symptoms. [25]

Blephadex™ Eyelid Wipes (Lunovus, LLC, Morris, Alabama USA,
http://optimed.com.au/images/stories/Products/dryeye/
BlephadexPatientBrochure.pdf) are a commercially available product
marketed as a treatment option for blepharitis and Demodex mites. The
Blephadex™ Eyelid Wipes contain tea tree oil and also coconut oil which
has been shown to have antimicrobial and anti-inflammatory activity.
[26,27] Additionally, the main constituent of coconut oil is lauric acid,
a derivative of glycerol monolaurate which has been demonstrated to
inhibit bacterial lipase production [28–30].

No studies to date have been conducted to evaluate the effect of the
Blephadex™ Eyelid Wipes on Demodex numbers, ocular comfort and
bacterial lipase production. Therefore, the purpose of this pilot study
was to investigate the feasibility of daily eyelid cleaning with the
Blephadex™ Eyelid Wipes and evaluate the effect of such treatment on
Demodex numbers, S. aureus and S. epidermidis counts, and lipase pro-
duction. Secondary aims of the study were to assess tear film char-
acteristics and subjective ocular comfort. The hypotheses of the current
study were that a reduction in Demodex count, bacterial burden and
lipase production would be seen after 30 days use of Blephadex™ Eyelid
Wipes. A concomitant reduction in ocular symptoms would also be
expected.

2. Materials and methods

2.1. Materials

Blephadex™ Eyelid Wipes are classed as a cosmetic application and
are covered under the National Industrial Chemicals and Assessment
Scheme (NICNAS) number 7845. The key ingredients are listed in
Table 1, however the concentrations of each ingredient have not been
specified by the manufacturer.

2.2. Participants

Twenty participants aged 45 years or above were enrolled in this
pilot, prospective, randomised, controlled single-centre, observer-
masked, within subject design study. The study protocol was approved

by the University of New South Wales Human Research Ethics
Committee and was conducted in accordance with the Declaration of
Helsinki. All participants were given a written information form and
indicated consent to participate by signing the informed consent record.

This study was registered on the Australian New Zealand Clinical
Trials Registry (ACTRN12618001368224).

2.3. Inclusion and exclusion criteria

Participation in this study was restricted to subjects aged 45 years
and above, with the rationale that Demodex infestation is more common
in an older population. [2]

All subjects were assessed for suitability for inclusion in the study by
conducting a general history and symptomatology assessment, visual
acuity and slit lamp examination of the anterior eye and adnexa.
Patients with any active anterior segment disease, with the exception of
blepharitis, were excluded from participating in the study. Any parti-
cipants who had started ocular medications or systemic medications
that might affect tear film or ocular microbiota (including corticoster-
oids, antibiotics, immunosuppressants, fish oil, flaxseed oil and other
omega-3 supplements) less than 3 months prior to the baseline visit or if
change in dosage was anticipated during the study were also excluded.
A history of ocular surgery in the last 6 months, use of contact lenses
within the last 6 months, pregnancy or lactation, or known allergy to
tea tree oil, coconut oil or fluorescein dye also excluded participants.
Heavy makeup users (defined as regular use of eye makeup including
mascara, eyeliner, eye shadow and eye creams) were also excluded due
to the likelihood of interocular cross contamination, and to eliminate
the possibility of participants using additional eye makeup removers
during the study. Use of facial makeup and moisturiser did not exclude
participants, as these are usually applied to the face with caution to
avoid the eye area. Therefore, the risk of cross contamination between
the eyes was minimal.

History of epilepsy or migraines exacerbated by flashing lights also
excluded participants due to the strobe-like nature of the LipiView in-
terferometer. Participants were also required to have similar vision in
each eye determined by having monocular best corrected visual acuity
of each eye within 2 lines of each other on a logMAR chart at 6m
distance, to ensure an unbiased perception of ocular comfort, as pre-
vious evidence suggests that reduced visual quality increases subjective
ocular discomfort symptoms. [35]

2.4. Methods

Upon completion of the baseline visit, eligible participants were
randomly assigned to use the Blephadex™ Eyelid Wipes once daily on
either the right or the left eye for 30 days using the web based
GraphPad software (https://www.graphpad.com/), to generate the
randomisation sequence. A sealed envelope system was employed to
notify the participant which eye was allocated to the treatment, and the
designated eye was also labelled on the inside of the box of lid wipes by
an unmasked investigator. The contralateral eye was to receive no
treatment and serve as the control. Whilst investigators were masked to
the treatment allocation for the duration of the study, it was impossible
to mask participants. All participants underwent the following proce-
dures at both the baseline and 30 day follow-up visit, in the order as
listed.

2.4.1. Subjective ocular comfort
Subjective ocular comfort was assessed using the Ocular Surface

Disease Index (OSDI) to elicit binocular symptoms of ocular dryness.
[36] Additionally, a visual analogue scale was administered to capture
monocular symptoms of itching, dryness and overall discomfort, which
are symptoms which have been specifically demonstrated as related to
the presence of Demodex [20,21].

Table 1
Key ingredients and their proposed functions in the Blephadex™ Eyelid Wipe.

Ingredient Function(s)

Glycerin Humectant [31]
Aloe Barbadensis (Aloe Vera)

Leaf Juice
Anti-bacterial, wound-healing and anti-
inflammatory [32]

Cocos Nucifera (Coconut) oil Antipyretic [26], anti-inflammatory [26],
antimicrobial [27] and analgesic [26]

Melaleuca Alternifolia (Tea Tree)
Leaf oil

Anti-bacterial [17], anti-fungal [18] and
acaricidal [19]

Sodium Laureth Sulfate Surfactant [33]
Cocamidopropyl Betaine Surfactant [34]
Lauryl Glucoside Surfactant [33]
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2.4.2. Ocular surface assessment
Observation of tear film characteristics included measurement of

the non-invasive tear break up time (NITBUT) using the Tearscope Plus
(Keeler Ltd, Windsor, UK) in conjunction with a slit lamp biomicro-
scope. An average of three readings was taken for each eye. Average
lipid layer thickness was measured using the LipiView ocular surface
interferometer (TearScience, Morrisville, N.C.). Tear volume was mea-
sured using the phenol red thread tear test (Tianjin Jingming New
Technological Development Co. Ltd, Tianjin, China). The phenol red
thread test has been shown to have strong agreement with the Schirmer
test, and was used in the current study as a measure of tear volume.
[37]

Slit lamp biomicroscopic examination involved assessment of the lid
margin, cornea and conjunctiva using white light. Corneal and con-
junctival staining were also observed and graded according to the
Oxford scheme, subsequent to instillation of fluorescein and lissamine
green dyes, respectively.

2.4.3. Demodex count
Demodex count was performed using procedures as previously re-

ported in the literature. [19] In brief, four lashes were epilated from
each eye (one lash from each half of the superior and inferior eyelids)
and placed on a glass slide. Lashes with cylindrical dandruff were
preferentially selected, as the results of a previous study demonstrated a
higher prevalence of Demodex in these lashes. [38] A coverslip was
placed over the lashes and fluorescein was applied to the edge of the
coverslip to enhance the appearance of Demodex [39]. Demodex were
observed and counted under a light microscope at 40X magnification
after 20min, to allow dissolution of cylindrical dandruff and Demodex
mites to migrate away from the lash. Images were captured using the
Olympus DP80 digital microscope camera.

2.4.4. Eyelid aerobic bacteria analysis
A swab of the eyelid was taken by rolling a moistened cotton tip on

the inferior lid margin of each eye.
Isolation and identification of bacteria was conducted essentially as

reported by Wu et al. [40] with the following modifications: swabs were
infused in a phosphate-buffered saline solution and agitated for 60 s
using a vortex mixer; 400 μL of the solution was plated out on soya
nutrient agar, then cultured aerobically at 37 °C for 24 h. Colony mor-
phology and number of colony forming units (CFU) was recorded, and
each type of morphology was speciated by means of Gram staining,
catalase and coagulase testing.

2.4.5. Bacterial lipase assay
After bacterial colony count was completed, two colonies from each

plate were isolated for inoculation in individual tubes of 5mL of tryp-
ticase soy broth (TSB) and incubated for 24 h at 37 °C with continuous
agitation. A stock was then made comprising of 500 μL broth and
500 μL of 50% glycerol solution and stored at −80 °C. Following all
sample collection, frozen stocks were cultured in trypticase soy broth
overnight at 37 °C with continuous agitation. From each of the bacterial
colony cultures, 50 μL microlitres of the cultured supernatant was then
aliquoted into 6mm diameter wells on 1.5% agarose gel plates con-
taining glycerol monolaurate (500 μg/mL). Plates were incubated for
18 h at 37 °C. Geh Lipase in the supernatant is known to hydrolyse
glycerol monolaurate within the agarose plates, which is observed as a
zone of clearance. [41] Lipase production was quantified by measuring
the diameter of the clearance zone and subtracting the diameter of the
well (Fig. 1). An average lipase clearance zone was calculated from the
two zones observed from the two bacterial colony cultures.

2.4.6. Statistical analysis
The Statistical Package for Social Sciences (SPSS 23.0 for Windows,

Chicago, IL, USA) was used to analyse the data. A two-way repeated
measures analysis of variance (ANOVA) was conducted to compare the

treated and untreated eyes, and the change in variables between visits.
In the presence of a statistically significant interaction, it was appro-
priate to use paired t-tests to compare change between visits in the
treated and untreated groups. All analyses were two-tailed and
p < 0.05 was considered statistically significant. Normality was as-
sessed by observation of Q-Q plots and data were log transformed for
variables with a skewed distribution. Spearman’s correlation test was
performed to determine whether any associations exist between
Demodex, bacterial lipase, bacterial colony count and lipid layer
thickness NITBUT, tear volume or ocular symptoms.

3. Results

A total of 20 participants (6 males and 14 females) with median age
of 63.5 (range 48–76) completed the study over the period of November
2016 to April 2017. Participant compliance was verified by checking
that the number of unused wipes returned was consistent with the
number of days in the trial. 95% of participants used the expected
number of wipes and 5% of participants were more than 10% non-
compliant. No adverse events were reported throughout the study and
the product was well tolerated by participants with only one reporting
slight discomfort upon using the wipe initially. This participant con-
tinued to use the wipe and did not experience ongoing discomfort.

Overall, Demodex counts were low in this healthy population
(Table 2) but nevertheless, a statistically significant reduction in the
Demodex count was observed between baseline and the 30 day visit for
the treated eyes only (median ± IQR: 2 ± 3 vs 0 ± 2, ANOVA p =
0.04, respectively). This represents a 50% reduction in Demodex burden
after treatment (median± IQR: 2±3 vs 0±2, paired t-test p<0.01)
compared to an 11% reduction in Demodex in the untreated eyes be-
tween visits (median ± IQR: 3 ± 5 vs 2 ± 4, paired t-test p = 0.45).

Fig. 2 shows Demodex mites embedded in a cylindrical dandruff at

Fig. 1. Clearance zones indicating degradation of glycerol monolaurate.
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the base of a lash collected at the baseline visit. Out of the 20 partici-
pants, six participants had no Demodex in either eye at both the baseline
and 30 day visit. Of the 14 participants with Demodex present at the
baseline visit, a larger percentage of eyes in the treated group had
Demodex count decrease to zero (50% of eyes in the treated group
compared to 29% in the untreated group). However, whilst nine par-
ticipants had reduced Demodex count in the treated eye, nine partici-
pants also had reduced Demodex count in the untreated eye.

No significant difference was found between treated and untreated
eyes for bacteria colony count or lipase production. Only gram-positive
bacteria were isolated from the lid cultures with Staphyloccocus epi-
dermidis being cultured from all 80 lid swabs and in addition,
Staphylococcus aureus being cultured from 3 lid swabs. NITBUT, lipid
layer thickness and tear volume did not change over time in the treated
or untreated eyes (Table 2, ANOVA p>0.05).

Comfort ratings improved for treated eyes only (VAS
median ± IQR: 15 ± 32 vs. 10 ± 16, ANOVA p = 0.05). A statisti-
cally significant reduction in dryness symptoms was demonstrated in
both treated and untreated eyes (ANOVA p = 0.02). However, there
were no significant changes in the OSDI or ocular itch scores over time
(ANOVA p>0.05). Interestingly, when participants were stratified into

dry eye and normal subgroups using a criteria of OSDI < 13 being
normal [42], the median Demodex count was numerically higher in the
dry eye subgroup compared to the normal group (median 8 vs. 2) at
baseline. However, the number of participants in each subgroup (n=9
in dry eye group, n=11 in normal subgroup) was too small to perform
any meaningful statistical analysis or draw any conclusions. Correla-
tions analysis showed that Demodex count had a significant positive
correlation with OSDI (r=0.31, p=0.01) and itching measured by the
VAS (r=0.28, p=0.01).

4. Discussion

This pilot study was the first to investigate the effect of the com-
mercially available product Blephadex™ Eyelid Wipes which contain
both tea tree oil and coconut oil, on Demodex numbers, ocular comfort
and bacterial lipase production. Post-hoc power calculation based on a
sample size of 20 determined that a numerical reduction in Demodex of
3.2 (0.5 ± 0.75 log units) could be detected with a power of 80% and
at a 5% level of significance. Previous research has suggested that
symptoms of ocular irritation were correlated with a greater than nine
mites Demodex count on average [43], whereas in the current study, the
mean number of Demodex mites at baseline was equivalent to six mites
per participant on average. Given that the number of Demodex mites
observed in the study cohort was low, the reduction in Demodex count
whilst statistically significant, may not be clinically significant. This
supports the need for further investigation amongst a population with
confirmed Demodex blepharitis, rather than a normal healthy popula-
tion.

Although no change in Staphylococcus spp. counts or lipase pro-
duction were observed in this study, there was a statistically significant
reduction in Demodex numbers in the treated eyes only. Gao et al. [19]
was the first to suggest the use of tea tree oil for Demodex treatment,
based on its known acaricidal properties and ability to kill head lice.
Concentrations of tea tree oil varying from 5% to 50% have been re-
ported to reduce Demodex counts. [19,21] This study demonstrated a
statistically significant reduction in Demodex count after daily use of
Blephadex™ Eyelid Wipes for 30 days. However, this was not accom-
panied by a significant change in bacterial colony count. This suggests
that bacteria and Demodex mites may operate somewhat independently
in their pathogenic effect. Previous studies have reported that bacterial
burden is similar in people with Demodex and without. [6] The con-
centration of tea tree oil and coconut oil contained in the Blephadex™
Eyelid Wipes has not been specified by the manufacturer and may in
fact be below the minimum inhibitory concentration for Staphylococcus
spp. The absence of change in the bacterial colony count may also

Table 2
Effect of daily use of Blephadex™ Eyelid Wipes on treated versus untreated eyes after 30 days.

VARIABLE TREATED UNTREATED ANOVA p value

Baseline Day 30 Baseline Day 30
Median (IQR) Median (IQR) Median (IQR) Median (IQR)

Demodex (number) 2 (3) 0 (2) 3 (5) 2 (4) 0.04*

Colony Count (number) 60 (149) 70 (120) 118 (198) 83 (100) 0.29
Lipase clearance zone (mm) 16 (8) 15 (4) 15 (6) 15 (2) 0.25
NITBUT Average (sec) 5.4 (1.6)a 4.9 (1.0)a 4.9 (1.3)a 4.9 (1.7)a 0.40
Lipiview Mean (nm) 70.4 (25.5)a 68.5 (24.8)a 71.4 (22.3)a 68.3 (23.7)a 0.44
Tear Volume (mm) 10 (8) 11 (9) 14 (8) 11 (10) 0.06
OSDI (0-100) 9 (15) 9 (14) 9 (15) 9 (14) 0.15
Itching (0-100 VAS)b 10 (25) 5 (21) 10 (24) 6 (17) 0.31
Overall discomfort (0-100 VAS)b 15 (32) 10 (16) 14 (32) 10 (21) 0.05*

Dryness (0-100 VAS)b 23 (42) 12 (21) 23 (41) 10 (15) 0.02*

P value refers to difference between visits.
a Mean (SD) displayed for normally distributed variables.
b VAS=visual analogue scale; 0 = No symptoms; 100 = maximum symptoms.
* Asterix indicates statistically significant difference.

Fig. 2. Multiple Demodex mites embedded in a cylindrical dandruff.
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suggest that treatment period of longer than 30 days may be required to
produce a significant reduction. No change in the NITBUT, tear film
lipid layer thickness or tear volume were observed in this study. This
corroborates the findings of Gao et al. [22] where lipid layer thickness
was not statistically different after treatment with tea tree oil.

Although no statistically significant change in lipase production was
observed between the baseline and 30 day visit, bacterial lipase pro-
duction was measured from two isolated colonies in vitro. However, the
bacterial colonies cultured may not be clonal and therefore sampling
single colonies would not represent the lipase production potential of
all bacterial colonies present. Measuring lipase directly from tears may
reflect lipase production in vivo more accurately, since any reduction in
lipase production observed might be more a reflection of the bacterial
community dynamics as a whole.

Demodex infestation was shown to have significant correlation with
ocular discomfort and itching which was consistent with findings in
previous studies. [20,21] However, no significant change was observed
in the OSDI or ocular itch scores (ANOVA p>0.05) with treatment,
despite the reduction in Demodex numbers observed in the current
study. This may be attributed to the fact that this study was conducted
on a normal healthy population, where ocular symptoms and numbers
of Demodex were low at the baseline visit compared to studies of sub-
jects with blepharitis.

A statistically significant improvement in comfort rating using a
visual analogue scale was observed between baseline and final visit for
treated eyes only, although subjects were not masked to the treatment.
It is interesting to note that a statistically significant reduction in ocular
dryness symptoms was seen in both treated and untreated eyes between
the baseline and 30 day visit. This may relate to the perception of
comfort in one eye having a carry-over effect to the contralateral eye.
Standard deviations of the visual analogue scale scores were also high,
indicating a high level of variability. Whilst visual analogue scales are a
simple and commonly used method for assessing intensity of pain in
clinical practice, such scales have received criticism for low levels of
repeatability. [44] Numerical rating scales have been shown to have
better compliance [44] and may be incorporated in future studies to
measure symptoms. In accordance with the recommendations of the
recently published TFOS DEWS II Diagnostic Methodology Report, the
DEQ-5 questionnaire should also be considered in future studies as a
valid assessment that is both short and discriminatory [45,46].

Weaknesses of a contralateral study design include relying on the
participant to comply with using the eyelid wipe on the allocated eye
only. It is not possible to ensure complete compliance with at-home
treatments. Another limitation of using the contralateral eye as a con-
trol is that it was not possible for the participant to be masked to the
treatment. Therefore, changes in symptoms may be biased. It would be
valuable in future studies, to implement a double masked parallel group
design comparing the use of Blephadex™ Eyelid Wipes in one group
with a placebo eyelid wipe containing no active ingredients in a second
group. This would further elucidate if the effect on Demodex numbers is
mechanical or due to the active ingredients.

The population in this study reflected a normal healthy population
of 45 years and above. Being the first study to evaluate the product
Blephadex™ Eyelid Wipes, a normal population was selected to evaluate
the feasibility of the product as an at-home treatment. However, it
would be pertinent to preselect participants with symptomatic ble-
pharitis for future studies. It may also be worthwhile to study treatment
over a longer period of time to ascertain if the length of treatment
would also affect symptoms, bacterial colony counts and lipase pro-
duction.

5. Conclusions

In this pilot study, no changes were observed in ocular microbiota,
tear film characteristics or bacterial lipase in eyes tested with
Blephadex™ Eyelid Wipes after one month of daily use in this normal

healthy population. Although a statistically significant reduction in
Demodex count was observed in eyes treated with Blephadex™ Eyelid
Wipes, the overall numbers of Demodex were low. A parallel group,
placebo controlled, randomised clinical trial in a population with active
blepharitis is warranted to further elucidate these preliminary findings.
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