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Abstract

Purpose: This study aimed to investigate, compare, and demonstrate the acaricidal effects of heat and
%1 ivermectin on Demodex Folliculorum. The results provide insights into the feasibility of thermal
interventions and %1 ivermectin as acaricidals.

Methods: Through in vitro experiments with digital microscope, we evaluated the impact of heat and
%1 ivermectin on epilated eyelashes with Demodex Folliculorum.

Results: As the temperature increased from the initial room temperature of 22.5°C, podosome
movements increased when the temperature reached 45°C and was maintained for 5 min, mite
movements began to slow down, accompanied by contractive movements. After 2 h, we observed only
the empty shriveled cytoskeleton of Demodex under a digital microscope. In the second patient,
eyelashes were treated with 1% ivermectin solution in immersion oil. After 10 min, saponification of
the oil inside Demodex and eyelashes was observed. Within 30 min, no podosome movement was
observed. Based on our observations, the acaricidal effect of heat was gradual, resulting in the
complete emptying of Demodex contents into the environment after 2-4 hours. In contrast, the
acaricidal effect of ivermectin was rapid, predictable, and more selective when observed under a live
observation microscope.

Conclusions: Based on our findings, both heat therapies, particularly those exceeding 45°C, and drug
therapies such as 1% ivermectin, demonstrated acaricidal effects. However, these two approaches
differ in terms of speed, mechanism, side effects, cost, and availability. This collaborative approach
will ensure a comprehensive evaluation of the patient's condition and the selection of the most
appropriate and effective treatment strategy.

Key words: Demodex, Eye, Heat, lvermectin, Parasites.

Introduction

The Demodex mite is the most prevalent obligate ectoparasite found on human skin and eyes [1]. Belonging
to the class Arachnida and subclass Acari, these mites are part of the prostigmatid mite group and possess one
or two pairs of stigmata near the gnathosoma region [2]. The wide distribution of these mites among mammals
suggests an ancient parasitic relationship that likely originated around 220 million years ago, coinciding with

the evolution of animals with hair follicles [3]. Among the various subtypes of Demodex found in animals,
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only two subtypes, Demodex folliculorum (DF) and Demodex brevis (DB), are observed in humans [2]. These
mites can be detected and identified based on their sizes, with DB measuring between 100 and 200 pm and
DF ranging from 200 to 400 um [3].Treating Demodex infestations and confirmed demodicosis poses
significant challenges and often requires several months of therapy. These mites can be found on various parts
of the body, including the head, outer ear, upper chest, mons pubis, buttocks, and most prominently in the
facial T-zone, meibomian glands, and eyelash follicles [4]. While Demodex mites are present in many
individuals, they do not cause harm to everyone. The primary goals of therapy are to inhibit mite reproduction,
eliminate mites, and prevent future infestations. Systemic treatments for demodicosis commonly involve
antibiotics, such as tetracycline, doxycycline, metronidazole, and ivermectin. Topical treatments may include
metronidazole, permethrin, benzyl benzoate, crotamiton, lindane, sulfur, and various medicinal oils [5]. It is
important to note that there is currently no FDA-approved treatment specifically for demodicosis. The choice
of therapy should be based on individual patient characteristics and the guidance of healthcare professionals
[6]. Regarding the thermal effects on Demodex mites, it is important to note that these mites are adapted to
live on human skin, which has a relatively stable temperature. They have evolved to tolerate and thrive within
a narrow temperature range, typically between 15°C and 35°C, which is the normal temperature range of
human skin [7,8]. Extreme temperatures, either hot or cold, can potentially have some impact on Demodex
mites. Here are a few points to consider: Heat: High temperatures, such as those experienced during saunas,
hot baths, or extended sun exposure, may cause discomfort to Demodex mites [7]. It is possible that very high
temperatures could lead to a temporary decrease in activity or even result in their death. However, these effects
would likely be temporary, as mites can quickly repopulate from other areas of the body or from nearby
individuals [8].

This study aimed to explore, compare, and demonstrate the acaricidal effects of heat and ivermectin, two

commonly used treatments, on DF. Through in vitro experiments, we assessed the effects of low and high
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temperatures on DF and compared the effects of ivermectin and the potential therapeutic benefits of the two
acaricidal methods. The results obtained will shed light on the viability of thermal interventions and the
effectiveness of ivermectin in reducing mite populations and inhibiting mite reproduction. These findings have
significant implications for the development of innovative treatment strategies targeting Demodex-associated

conditions and provide additional avenues for more efficient and timely management options.

Materials and Methods:

Although eyelash epilation and examination for ocular demodicosis under a microscope is a routine procedure
in our ophthalmology clinic for rosacea patients with dry eye symptoms, we obtained informed consent from
the two ocular rosacea patients who were randomly selected to examine their eyelashes from the outpatient
clinic with a diagnosis of ocular demodicosis. This study was conducted in accordance with the tenets of the
Declaration of Helsinki. By modifying the classical Coston method according to Gao’s suggestion, we epilated
eight eyelashes, four from the lower eyelid and four from the upper eyelid of each patient in our Istanbul
Medipol University Ophthalmology clinic [9]. In the first patient, we fixated four of these eyelashes with
classical immersion oil and covered them with a coverslip. We used a high-resolution digital microscope
(Bresser-Biolux Touch LCD, Bresser GmbH ), which was modified by attaching a noncontact digital
thermometer(Gaman®, China) to measure the temperature of the slide.(Figure 1) the first reading of the
thermometer was 22.5°C and after starting heating Beurer 1L50 Infrared Heat Lamp (Beurer® GmbH, Ulm,
Germany) it gradually increased to 45°C and kept steady at 45°C for 5 minutes.(Figure 2) All procedures were
recorded using a digital camera for analysis. In the second patient, we again fixed 4 of these eyelashes with an
ivermectin %1 mixture with immersion oil and covered them with a coverslip.(Figure 3) From the beginning
to the death of Demodex, all procedures were recorded with the same digital microscope from the beginning

to the death of Demodex.
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Results:

As the temperature increased gradually from the initial room temperature of 22.5°C, we observed that the
podosome movements of Demodex mites started slowly. At 30°C, their movement became faster and out of
sync. As the temperature reached 36°C, out-of-sync movements increased, and the parasites exhibited
contractive movements, particularly at the point between the trunk and tail. When the temperature reached
45°C and was maintained for 5 min, the movements of the mites began to slow. Based on our previous
experience, we stopped the heating process at 45°C to prevent excessive damage to the chitin skeleton of
Demodex and potential harm to the video camera due to extreme heat (Figure 4-5). After a period of 2 h, we
observed only the empty shriveled cytoskeleton of Demodex under a digital microscope, indicating their
demise.(Figure 6) In addition to the heated group, we examined another set of four eyelashes that were only
treated with immersion oil as a control. In this control group, Demodex mites remained alive even after 2 h
and 24 h.

For the second patient, we wetted the first four eyelashes with 1% ivermectin solution in immersion oil and
covered them with a coverslip.(Figure 3) The remaining four lashes were wetted with immersion oil as a
control. Interestingly, upon the addition of the 1% ivermectin solution, we observed that the ivermectin
molecules covered the eyelash and body of the Demodex, resembling a magnet-attracting metal or a guided
missile (Figure 7). After 10 min, saponification of the oil inside the Demodex and eyelashes was observed
(Figure 8). Within 30 min, no podosome movement was observed. Based on our observations, the acaricidal
effect of heat was slow, but eventually resulted in the complete elimination of Demodex mites from the
environment within 2-4 hours. In contrast, the acaricidal effect of ivermectin was very rapid, predictable, and

appeared to be more selective under a live observation microscope.
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Figure 2 Infrared Heater which is used for heating the slide up to 45°C
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Figure 3 Slide covered with immersion oil and ivermectin

Figure 4 Pre-heat Picture of eyelash with Demodex colony
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Figure 5 Post-heat Picture of eyelash with Demodex colony

Figure 6 Empty Cytoskeleton of Demodex Colony After Heat
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Figure 7 Pre-ivermectin Picture of eyelash with Demodex colony

Figure 8 Post-ivermectin Picture of eyelash with Demodex colony
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Discussion:

Demodex mites, which are saprophytic pathogens are important in both ophthalmology and dermatology. They
are the most common ectoparasites found in human skin and eyes. First identified by anatomist Henle in 1841
and reported by Gustav Simon in 1842, these mites were initially not believed to be disease-causing agents for
nearly 200 years [6,7]. When examining Demodex mites, they were observed in three anatomical parts: four
pairs of legs, head, and a tail to which they were attached. There are two types, Demodex Folliculorum (DF)
and Demodex Brevis (DB), that differ in structure and location. DF mites have a longer tail, are predominantly
found on the eyelashes, and are located at the root of the cilia, with their heads attached to the lash root. In
contrast, DB mites have shorter tails, are more commonly found in the body, and reside deep within glands.
Female Demodex mites have a slightly shorter and rounder physique than males do. Both sexes have a genital
opening, and fertilization occurs internally, typically within the opening of the hair follicle, whereas eggs are
deposited inside the follicles or sebaceous glands [1,2,9,10]. The quantity of Demodex mites tends to increase
with age, and older individuals are more susceptible to carrying these mites. It is believed that Demodex is
transmitted to newborns through close physical contact shortly after birth, although infants and children
generally have low colonization by Demodex owing to their low sebum production [11]. Certain populations
such as medical staff or students who have frequent contact with different patients may be at a higher risk of
Demodex infestation. Additionally, immunocompromised individuals such as those with HIV infection may
represent another at-risk group. Demodex mites have an underdeveloped digestive system and are believed to
lack an antis [9,10]. Instead, they regurgitate the epithelial cells and fat they consume within a certain period.
This regurgitation helps them attach themselves to the eyelashes, similar to spider web formations, as these
parasites share a common ancestor with spiders [12]. Demodex mites, the activity of which is influenced by
the melatonin of the human host and are very sensitive to light and heat. They become active in the evening,

at around 8 p.m., and migrate to the eyelash edge to find a mate. Their life cycle lasts for 14-18 days, and they
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lay approximately 12-14 eggs on the edge of the lid. They cause mechanical damage to the eyelash edge of
their fork-like hands, which function as claws and induce inflammation in patients through the release of
lipases, cytokines such as IL-17, and MMP9 in their regurgitated material (vomit) [10-13].

Treating Demodex infestation and confirmed demodicosis presents a significant challenge as it involves
complex and often prolonged therapy lasting several months. The main goals of treatment are to hinder parasite
reproduction, eliminate mites, and prevent re-infestation. Systemic treatment options for demodicosis include
antibiotics, such as tetracycline, doxycycline, metronidazole, and ivermectin. Topical treatments commonly
used for demodicosis include metronidazole, permethrin, benzyl benzoate, crotamiton, lindane, and sulfur.
Notably, these agents may cause skin irritation in some patients. Furthermore, various medicinal oils, sulfur
ointments, yellow or white mercury ointments, and cholinesterase inhibitors have been used as therapeutic
agents. However, it should be noted that there are currently no FDA-approved treatments for demodicosis
[6,8,10,14].

In this study, we aimed to visualize and compare the effects of heat and ivermectin on Demodex folliculorum
under in vitro conditions. The DF mites were gradually heated to 45°C and maintained at that temperature for
5 min, resulting in immobility of the podosomes. Heat-based treatment options have been explored in the
literature, with studies observing the complete destruction of the organism after reaching a certain temperature
using intense pulsed light (IPL) [7,8,15]. Our study design differed from previous research in that we used an
infrared heater to increase the temperature of the slide under a microscope, which is a more affordable
approach. Our results also demonstrated the destruction of DF mites by heat, especially at temperatures above
45°C, as it is believed that reaching this temperature leads to the demise of Demodex owing to the destruction
of their chitinous bodies. However, before the destructive process, we observed different unsynchronised
movements of the podosomes, resembling the writhing of the organism. This observation may help explain

the effectiveness of IPL therapy on Demodex and rosacea, as demonstrated in other studies [16]. Heat,
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including the use of warm compresses, is a traditional method for treating conditions such as blepharitis,
chalazion, and meibomian gland dysfunction (MGD) [15]. Our findings shed light on the mechanisms
underlying these effects. It is important to note that our observations primarily focused on DF mites, while
there is another species, DB (Demodex Brevis), residing in deeper layers of the skin. We currently lack
comprehensive knowledge of how heat affects DB mites, and further research is needed to investigate their
response to heat therapy.

In addition, we also investigated the in vitro effects of ivermectin. Our findings are interesting for this anti-
parasitic drug. lvermectin is one of the most important drugs in veterinary and human medicine for the control
of parasitic infections and was the joint focus of the 2015 Nobel Prize in Physiology or Medicine, 35 years
after its remarkable discovery [17]. It is a safe and effective orally administered antiparasitic drug. It is a semi-
synthetic derivative of a family of macrocyclic lactones, called avermectins. It is a lipophilic drug that
accumulates in fat tissue. Its selective activity against human parasites is due to its high affinity for glutamate-
gated chloride ion channels found in the peripheral nervous system of invertebrates, and it does not readily
cross the mammalian blood-brain barrier, where ligand-gated chloride ion channels are found in mammals;
hence, humans are spared from the adverse central nervous system effects of the drug. It causes an influx of
CI — ions through the cell membrane of invertebrates by activating specific ivermectin-sensitive ion channels.
The resultant hyperpolarization leads to muscle paralysis [18]. In refractory blepharitis, oral ivermectin
reduces the Demodex mites in the lashes [6]. It has both antiparasitic and anti-inflammatory effects [19]. The
side effects of oral ivermectin are diarrhea, dizziness, nausea, allergic reactions, skin swelling, fainting, fast
heartbeat, fever, joint pain, vision changes, and yellowing of the eyes or skin [20]. As we applied ivermectin
on the Demodex we observed a sudden attack of ivermectin molecules to the Demodex body and eyelash.
Demodex and eyelashes attract ivermectin molecules such as magnets.(Figure 6) After 1 min, we observed the

total covering of Demodex. Watching an ivermectin attack on Demodex is similar to watching sandscapes.
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After 10 min, saponification of the fat-like substance was observed in the middle of the Demodex body. |
believe that this fat-like substance is also the reason for the meaning of Demodex. The name Demodex is
derived from the Greek dnuog démos "fat" and ong dex, "woodworm" [21]. After an hour of observation, there
was no mobility left in the Demodex podosomes. According to current knowledge, this refers to the death of
an organism.

The main differences between the two methods are the acaricidal speed and mechanism of action. The heat
method was relatively slow, the effect is thought to be due to damage to the chitin layer of the organism
protecting them from external habitat also my opinion is heating the fat content of the Demodex causes internal
damage to the neuronal network of the organism. Another important topic for me is interestingly it seems like
the organism was in death agony even at 45°C. In the future, we may think again when choosing an anti-
acaricidal method with less agony to these symbiotic organisms. Conversely, after the application of
Ivermectin mixture %1 with immersion oil, Demodex showed no contractile movements; it seemed that the
effect started very fast, and the fatal effect was very fast and with no agony. In addition, because ivermectin
is administered orally, it has a systemic effect on both DF and DB. We have been using IPL locally for
blepharitis for years, and we have obtained good results; however, if we do not decrease the Demodex on the

face and on other body parts sooner or later, we will have the same problem again.

Conclusions

Both heat therapies, especially those over 45°C, and drug therapies such as ivermectin 1% in these cases have
acaricidal effects but have different speeds, mechanisms, side effects, costs, and availability. When choosing
the best method in our practice, we must collaborate with dermatologists. Further studies with more cases are

needed to evaluate the exact mechanisms of these acaricidal treatments.
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