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Abstract
One of the types of external human parasites is a follicular scab called Demodex. Demodicosis is a skin disease in human 
and canine.The host body immune system is responsible for controlling the population of parasites and Disruption of the 
cutaneous barrier causes stimulation of Toll-like receptors (TLRs) Consequently, Demodex chitin detect by keratinocyte TLRs. 
According to the results, association between Demodicosis and the HLA gene showed that individuals with the gene HLACW2 
are five times more likely to develop Demodicosis than others because Nk2 and T1 cells of the adaptive immune response 
are reduced. In human Demodicosis, factors such as carbohydrate-like Tn antigen (expressed by Demodex) and secretion of 
pro-inflammatory mediators may play a role in the innate immune response. Additionally, the expression level of TLR2 was 
increased and TLR4, TLR6 expression was decreased. Flow cytometry analysis of blood samples collected from individuals 
with human Demodicosis and healthy individuals showed that in the patient group, there were more T9 and T reg cells in 
the blood samples and in skin homing T cell populations compared to the control group. Studies of canine Demodicosis have 
reported that lymphocyte populations are composed mostly of CD3+ and CD8+ T cells. The importance of the humoral 
immune response during primary Demodicosis has not yet been determined because no significant differences in circulatory 
immune were seen. It seems that the host immune system appears to recognize and tolerate the presence of these mites, 
although the physiological role of this  mite in healthy skin remains unclear.
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1. Introduction
Ectoparasites are of great medical and veterinary importance [1]. 
One of the types of external human parasites is a follicular scab 
called Demodex which their life cycle is approximately 14–18 
days from the egg to the larval stage, and finally, they reach the 
adult stage in 5 days [2,3]. Demodicosis is a chronic skin disease 
caused by follicular mites; among those that can cause disease 
in humans are Demodex Folliculorum and Demodex Brevis 
which cause chronic blepharitis and facial eruptions in both 
immune-competent and immune-deficient patients [4,5]. Canine 
Demodicosis is mainly categorized into localized and generalized 
forms due to their skin lesions distribution on different parts of the 
body. The majority of the cases with localized form have a good 
prognosis because of the spontaneous clinical recovery [6]. 

Demodex mites feed on the epithelial cells of the hair follicle or 
sebaceous gland. Mites are generally found on and around the 
face, especially in the forehead, cheeks, nose, and creases, but 
can sometimes be found in other parts of the body [7].  However, 
it seems that only susceptible individuals develop symptoms of 

mites, and between 11.9% and 72% of people are asymptomatic 
carriers of these mites. Studies have shown that the cellular 
immune response plays a vital role in the pathogenesis of 
Demodex parasite infection, which in turn, increases the incidence 
of Demodicosis in immunosuppressed persons, such as those 
with Acquired immunodeficiency syndrome (AIDS) and patients 
who are receiving immunosuppressive drugs [8,9]. Demodicosis 
is common in domestic dogs and cats. In dogs with this mite, 
symptoms such as red pimples on the skin, excessive hair loss, 
and itching of the skin around the eyes, face and legs can be 
seen. They are also involved in forming pustules in the corners 
of the mouth and dermatitis around the mouth and can even cause 
blepharitis caused by mental problems and stress [10-12]. One of 
the main challenges in veterinary medicine is the management of 
Demodicosis, especially in certain breeds of dogs, which can be 
very dangerous and even lead to euthanasia [13-15]. 

The recommended treatment for demodicosis varies depending on 
the type of sickness. For mild localized demodicosis, treatment 
may not be necessary as it often resolves on its own. However, 
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for generalized and complicated demodicosis with secondary 
infections, the treatment can be challenging and time-consuming. 
Dogs with demodicosis usually do not require systemic antibiotics 
unless there is a severe bacterial infection present. It is important 
to avoid using local or systemic corticosteroids, progestogens, or 
immunosuppressive agents in the treatment of demodicosis, if 
possible. These agents can inhibit the host immune system's ability 
to heal and may cause relapses or prevent them from occurring 
[16] .However, veterinarians have challenges in the long-term 
treatment of dogs. These include keeping the owner satisfied 
and possible side effects, especially in breeds with the ABCB1 
(formerly MDR1) denomination. Many aspects of the disease 
remain unknown, making it difficult to treat and manage in some 
cases. It has always been an essential question to show symptoms 
by very young dogs in the face of Demodicosis, which Reference 
books have proposed genetic defects in the immune response to 
this disease [17].

In humans, the presence of Demodex spp can lead to the 
development of many skin and eye diseases, even when no 
symptoms are present[18]. Demodicosis in humans who do 
not have immunodeficiency diseases has several diagnostic 
criteria, including (i) the absence of pre-existing or concomitant 
inflammatory dermatitis, such as acne or rosacea; (ii) an abnormal 
increase in the number of Demodex after the test Active skin 
lesions at the time of examination (iii) Recovery of the disease 
only after adequate topical or systemic treatment with acaricides, 
but antibiotics with anti-inflammatory effects such as tetracycline 
or doxycycline or macrolides should not be used. In addition, due 
to the limited number of studies, it is now considered abnormal 
to observe more than 5 Demodex per square centimeter in 
standard skin surface sampling [19,20]. Forton and Maertelaer 
suggested that close interactions may exist between the Demodex 
mite, sebaceous gland size and function, and subtle variations in 
immunity, such as hypothyroidism [21].

Clinical signs of Demodicosis include (i) Absence of pre-
existing or concomitant inflammatory dermatitis, such as acne 
(ii) Abnormal increase in the number of Demodex after the test of 
active skin lesions at the time of examination (iii) The lesions are 
usually irregular and asymmetric and are seen as satellite lesions 
(Iv) Lesions are follicular (v) are usually asymptomatic or with 
mild itching, and patients usually have no rosacea manifestations, 
such as erythema, transient flushing or telangiectasia [19].

Human-animal demodeciosis infections have been reported in 
some cases where the rare cases reported are still reliable due to 
reports of Demodex Canis and Demodex Folliculorum polymorphs 
[22-24]. The information available on the Demodex mite genome 
is incomplete due to its inability to be cultured in vitro and genome 
extraction problems due to chitin structures. Demodex in dogs is 
classified into Demodex Canis and Demodex Injai [25]. They 
were classified using the 16S mitochondrial genome (mtDNA) 
[26]. On the other hand, studies have been proposed to classify 
Demodex in the human species based on 16 S and cox1, in which 
mites are subdivided into D Folliculorum and D Brevis. Different 

classification methods based on 12S mtDNA regions, cox1-5', 
and the process of studying the DNA of their ribosomes are still 
ongoing [27].

Studies on different skin pathologies have shown an association 
between the immune system and human leukocyte antigen (HLA) 
in the development of pathological skin processes. Nevertheless, 
the role of HLA class I in the presentation of mite antigens is 
known. Studies investigated an association between the frequency 
of HLA Cw2 and Cw4 haplotypes and Demodicosis. In addition, 
an association between Cw2 and Cw4 alleles in the phenotype of 
patients with Demodex and a decrease in the number of natural 
killer (NK) cells was found [8]. 

This study aimed to review our understanding of immune 
system response in humans and dogs infected with Demodex 
by documenting the recent results on both human and canine 
Demodicosis, one of the best studied mite‐associated animal 
cutaneous disorders.

2. Canine Demodicosis
2.1. Mechanism of Immune System Response
The host body system is responsible for controlling the population 
of parasites, and it seems that the host immune system tracks the 
parasites. In addition, it has an inhibitory effect on the multiplication 
of parasites and keeps the number of parasites low without causing 
inflammation [7,20]. Disruption of the cutaneous barrier causes 
stimulation of Toll-like receptors (TLRs). Consequently, the host 
immune system is exposed to Demodex antigens during the decay 
of mites. In addition, over-proliferation of Demodex mites can 
damage the hair follicle wall, and the chitin present in the mite’s 
exoskeleton can be detected by keratinocyte TLRs, especially 
TLR2s [28]. Overexpression of TLR2 is known to be associated 
with rosacea [6,29]. 

In canines, Demodicosis manipulation of TLRs expression has 
been proposed. Significantly elevated expression of TLR2 and 
reduced expression levels of TLR4 and TLR6 in the peripheral 
blood mononuclear cells (PBMCs) have been documented in 
dogs with Demodicosis [6,27]. The proposed mechanisms for 
the development of canine demodicosis have focused on T cell 
exhaustion and inflammation-modulating cytokines. Individuals 
with demodicosis have shown a cytokine phenotype characterized 
by reduced production of stimulatory cytokines, such as interleukin 
(IL)-2 and IL-21. They also exhibit high levels of suppressive or 
immune-modulating cytokines, such as IL-10 and transforming 
growth factor β (TGFβ), along with low numbers of circulating 
CD4+ lymphocytes. These findings collectively suggest T cell 
exhaustion in dogs with demodicosis [30]. 

Activation of toll-like receptor 2 (TLR2) is known to increase 
IL-10 expression. Studies have shown that Demodex spp. leads 
to a significant increase in TLR2 expression and activity on 
keratinocytes [30,31]. IL-10 has several immune-modulating 
effects: (1) inhibiting Major Histocompatibility Complex (MHC) 
class II and co-stimulatory molecule expression on monocytes 
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and macrophages, and limiting the production of proinflammatory 
cytokines and chemokines; (2) directly acting on CD4+ T cells, 
thereby inhibiting their proliferation and production of IL-2, 
IFNγ, IL-4, IL-5 and tumor necrosis factor-alpha (TNFα); and (3) 
directly regulating innate and adaptive Th1 and Th2 responses by 
limiting T cell activation [30]. 

However, little information is available on the next steps of the 
immune response against Demodex, and the specific type of immune 
response to Demodex parasites and the practical mechanisms for 
controlling the parasite population is almost entirely unknown. 
However, based on the findings, the host immune system detects 
the parasite’s lipases and some other proteases [32,33]. 

2.2. Immunosuppression and Demodicosis
The hypothesis that the immune system plays a role in controlling 
the Demodex parasite stems from clinical studies on Demodicosis. 
Evidence to support this hypothesis is: (1) the possibility of 
inducing Demodicosis by suppressing the immune system; 
(2) Development of Demodicosis in immunocompromised 
mice, (3) and multiple clinical observations of Demodicosis in 
immunocompromised animals [34]. Demodex population safety 
control is complex because it depends on many pathways, including 
humoral immunity (STAT6) and co-stimulatory molecules, 
such as CD28. There have been reports of Demodicosis in dogs 
with leishmaniosis, hypothyroidism, hyperadrenocorticism, 
neoplasia, and also, dogs undergoing immunosuppression due 
to having cancer or autoimmune diseases. Since Demodicosis 
has not been observed in all dogs treated with corticosteroids or 
immunosuppressive drugs, Additional cofactors or specific genetic 
profiles are thought to be required to develop the clinical form of 
Demodicosis. Different types of immune disorders appear to lead 
to the overgrowth of Demodex parasites in mammals, which in 
some cases can be because of specific inhibition of a pathway or 
the result of inhibition of the normal function of several cell types 
[17].

Numerous studies have shown that dogs with general Demodicosis 
suffer from an immune dysfunction that causes T cell fatigue. This 
process is a dysfunction of a specific T cell antigen characterized 
by a gradual decrease in T cell function. Exhausted T cells 
with low production of supportive/stimulatory cytokines, such 
as Interleukins (IL)-2 and IL-21 are usually characterized by 
high levels of suppressive cytokines, such as IL-10 and high 
levels of the beta-growth factor, and also, low circulating CD4+ 
lymphocytes. Exhausted T cells provide plausible evidence that 
general Demodicosis does not become acute after treatment with 
macrocyclic lactones. In T cell depletion, a reduction in antigenic 
load (as occurs when infection gradually clears up) helps the tired 
T cell population to become more compatible with normal memory 
cells in addition to regenerating multifunctional features [35-37]. 
Despite the very little published evidence, general Demodicosis 
of young dogs is inherited and the presentation of the disease 
at an early age, in siblings and dependent dogs, and the higher 
prevalence in some breeds based on heredity is a reason for this 
claim [14,38].

 2.3. Pathogenesis of Demodex in Canine
Probably the importance of each mechanism from one species 
to another one, and in various clinical types of Demodicosis is 
different, but the most important suggested mechanisms for the 
pathogenesis of Demodex are:
•1. Rupture of the cutaneous barrier, which includes symptoms 
such as argon in the epithelium, mechanical dilation and rupture 
of hair follicles due to the accumulation of parasites, and protease 
damaged by T lymphocytes.
• 2. Inflammation associated with granulomatous dermatitis and 
folliculitis.
• 3. Type IV hypersensitivity, which is characterized by the 
accumulation of helper T lymphocytes and the accumulation of 
cytotoxic T lymphocytes around the hair follicles, especially in 
general Demodicosis of dogs.
• 4. Secondary bacterial infection that causes folliculitis and 
furunculosis.

Damage to the skin barrier caused by physical and chemical 
factors seems to be common and seen in different types of 
Demodicosis and in different species. Inflammatory reaction 
facilitates the rupture of hair follicles, which is associated with 
damage to keratinocytes in dogs [17]. According to the results, 
cytotoxic T lymphocytes that are involved in causing damage to 
the follicular epithelium are CD3+ and CD8+. Hypersensitivity 
to Rosacea disease in humans has not been reported in dogs, but 
the presence of CD8 + in inflammatory fluids can be considered a 
severe immune reaction in dogs [17,36]. The association between 
Demodicosis and pyoderma in dogs has been well established and 
is probably the most severe consequence of Demodicosis. If you 
observe pyoderma discharge in clinical signs, antibiotics may be 
the appropriate treatment. However, it is not yet clear whether, 
like what we see in humans, Demodex parasites in dogs cause 
Staphylococcus pseudintermedius to multiply or whether these 
bacteria can easily benefit from the rupture of the epidermal barrier 
that occurs in canine Demodicosis. Recent articles have questioned 
the importance of bacterial infection in canine Demodicosis 
[14,39,40].

3. Human Demodicosis
3.1. Human Immune System 
The skin immune system is made up of several types of innate 
immune cells and compatible immune cells that are actually located 
in two layers of skin, the epidermis and the dermis. In addition to 
immune cells in the skin, pathogens can be detected by pattern 
recognition receptors expressed by non-immune cells. These cells 
participate in the immune response by releasing soluble mediators. 
By releasing sebum, the sebaceous glands prevent microbes from 
entering deeper layers and actually act as a "seal" for hair follicles 
[41,42]. Recently, it has been suggested that sebaceous glands play 
a role in skin immunity by producing antimicrobial peptides and 
secreting and producing chemokines and cytokines [43,44].

When a human is infected with Demodex spp., the immune 
system is activated with the help of Toll-like receptors (TLR). It is 
believed that a certain component of the Demodex chitin triggers 
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the pro-inflammatory response of keratinocytes through TLR-
2 [18]. Inflammation of the skin is associated with the presence 
of immune cells, such as T cells, neutrophils, and monocytes in 
the skin. After the inflammation heals, some of these activated 
T cells leave the tissue, but others remain and become memory 
T cells [45-47]. Recent data point to the importance of B cells 
in skin immunity among lymphocyte populations during chronic 
inflammatory skin diseases. According to the results, they have 
pro-inflammatory and immune-regulating reactions, and unlike T 
cells, B cells are rarely present in healthy skin tissues [48]. 

According to the results of flow cytometry analysis in the group 
of patients with Demodex, the amount of CD3+ CD4+ T cells 
increased, while the level of CD3+ cells remained unchanged. After 
measuring the penetration of CD3 + and CD3+ CD4+ T cells into 
the skin and their placement in the skin by CLA as a skin-homing 
marker, it was concluded that CD3 + CLA + remained stable while 
CD3+ CD4+ CLA+ T cells increased compared to the control 
group(49). In comparison between the CD4+ T cell subpopulation 
subspecies and the control group by the flow cytometry evaluation, 
the results stated that the levels of TH9 and regulatory T (Treg) 
cells increased in patients with Demodex. Also, in the replacement 
test of CD4+ T-cell subpopulation in the skin with the association 
of CLA, an increase in TH9 and Treg cells was seen in demodex 
patients compared to the control group [49].

In the research conducted by OE AKILOV and colleagues, 
which compared the immune cells between people with demodex 
and healthy people, it was seen that the phagocytic cells and 
the complement system remained unchanged and the ratio of 
lymphocytes to monocytes in infected people is 3 times that of 
healthy people, and a significant decrease in the amount of CD16+ 
T cells has been seen. According to the results, mite density has a 
negative correlation with NK cells and CD95+ cells(7). 

3.2. Pathogenesis 
The mechanism of pathogenesis in humans is somewhat obscure, 
and the critical point in this issue is how the disease rotates from 
non-inflammatory to inflammatory. It is not known whether cystic 
or cutaneous Demodicosis is more likely to be caused by a host 
immune response or by large amounts of Demodex parasites. The 
key to clarifying the relationship between skin innate immunity 
and microbial homeostasis is the identification of cathelicidin 
LL-37 and the differential expression of cytokines produced and 
proteins present in inflammation [50,51]. 

Observations made on human scabies infection can help us to 
some extent to understand how parasites escape from the immune 
system or suppress immunity [52,53]. First of all, it should be 
noted that all three pathways of the complement system (classical, 
lectin and alternative) can be inhibited by ‘scabies mite-inactivated 
serine protease paralogues’ and ‘serine protease inhibitors’. In a 
simulated model of human skin, in scabies disease, genes related 
to the expression of IL-1a, IL-1b, macrophage granulocyte colony-
stimulating factor, and Granulocyte colony-stimulating factor, as 
well as genes involved in epithelial development and keratinization, 

are significantly regulated. In crusted skin scabies, the features of a 
polarized supplemental reaction (Th) are associated with a severe 
eosinophilic reaction and the penetration of CD8+ T cells into 
the dermis. In normal galls, a protective Th1 immune response is 
observed in favor of interferon c with the infiltration of CD4+ T 
cells into skin lesions [19]. 

3.3. Role of HLA A2 and CW2
Genetic background is an important risk factor for human 
Demodicosis. Patients with HLA CW2 and HLA CW4 human 
leukocyte antigen phenotypes are susceptible to Demodex 
over-proliferation because Nk2 and T1 cells of the adaptive 
immune response are reduced [3]. The results of the study of the 
association between Demodicosis and the HLA gene showed that 
individuals with the gene HLACW2 are five times more likely to 
develop Demodicosis than others. This ratio is 3.1 times higher 
in individuals with the HLACW4 gene than in healthy people. 
Interestingly, individuals with the HLA A2 gene are 2.9 times more 
resistant to Demodex than healthy individuals, and the activation 
of CD8+ T cells by the A2 phenotype is not ineffective in this case. 
In patients with the CW2 phenotype, we see a relative suppression 
of humoral immunity. Compared to healthy individuals, in addition 
to a significant reduction in immunoglobulin (Ig)M, there was 
a 1.9-fold reduction in CD20+ lymphocytes. In the presence of 
CW2, macrophage activation increases 1.4 times compared to the 
control group, but it is not used to eradicate parasites but rather to 
concentrate and replace parasites. There is a negative correlation 
between CW2 and CW4 that work to reduce CD16+ cells [8,54].

The following are some key factors awaiting response:
• Behavioral pattern and life cycle of human Demodex mites (II) 
The relationship between the increasing prevalence of Demodex 
with increasing age (III) pathogenesis, and interaction between 
Demodex Folliculorum and Demodex Brevis throughout the body; 
(IV) virulence factors (V): Relationship between parasite density 
and disease clinical signs [19]. 

There is little information available on the treatment of Demodicosis 
and the main reasons include the following:
• There are no ideal systems in vitro or ex vivo to test the efficacy of 
drugs and test their minimum inhibitory concentration. (II) Clinical 
diagnostic confusion of primary Demodicosis infection and 
inflammatory disease (III) The dual effects of anti-inflammatory 
and antimicrobial drugs on many factors.

The effects of Ivermectin have been proven as an acaricidal and is 
used in the treatment of Demodex in humans and dogs [55-57]. The 
dose of oral ivermectin for the treatment of canine Demodicosis is 
higher than in humans. Although topical use of other Acaricides, 
such as Permethrin 5%, Benzyl benzoate 10-25%, Crotamitone 
10%, Lindane 1%, or Malathion 5% has been confirmed for the 
treatment of scabies, current evidence for their effectiveness in the 
treatment of Demodicosis is very limited. The ability of topical 
Benzyl benzoate 10 % has been demonstrated in only a small 
number of patients to eradicate Demodex parasites [58-60].
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3.4. Relationship Between Demodicosis and Diseases
The results show that Demodicosis plays a role in the development 
of dermatitis around the mouth, oral postulates, and even 
blepharitis due to mental problems and stress [12]. In Chang's 
study on people with rosella, a significant relationship was found 
between the Demodex parasite and rosacea [61]. In another study, 
the results showed that Demodex parasites were more common in 
people with blepharitis than in non-patients [62].

Harmlin et al. noted that there is a link between heart disease and 
the prevalence of Demodex parasites due to the stimulation of the 
immune system by Demodex and the development of an immune 
response to heart valve cells [63]. According to the results, all 
adults have a percentage of Demodex infection, and as this density 
increases with this parasite, skin and hair lesions increase and are 
directly related, so Demodex treatment can reduce skin issues 
[64,65].

3.5. Role of Demodicosis in the Pathogenesis of Rosacea
Rosacea is a common dermatosis of the face, which has a prevalence 
of up to 10% considering all its forms [66]. Rosacea is one of the 
most common skin diseases that has a chronic inflammatory nature 
and is characterized by inflammation, papules, telangiectasia, 
edema, pustules, or a combination of these symptoms [67,68]. 
While various factors have been suggested for the possible causes 
of this disease, the exact etiology of rosacea is still unknown [69].

An abnormal increase in Demodex with an increased risk of 
rosacea has already been seen. Flow cytometry analysis has shown 
that the influx of Demodex and rosacea can affect blood as well 
as skin homing T cell subset levels triggered against each other. 
This trend is assumed by microorganisms carried by mites and/or 
exposure to exoskeleton components, and it occurs as a result of 
rosacea‐associated inflammation [49].

The proliferation of the Demodex mite in patients with rosacea is, 
in most authors’ beliefs, a secondary event, an epiphenomenon, or 
an aggravating factor in which the initial inflammation plays a role 
in promoting the proliferation of Demodex, which then exacerbates 
the disease [66]. Rosacea has been proven to be an effective factor 
in Demodex infection in eyelashes, and it is independent of age and 
sex and has a higher prevalence in papulopustular types. Suspicion 
of Demodex infection in patients with Rosacea is acceptable. 
Similarly, treatment of Demodex in rosacea may reduce their 
clinical manifestations even if the rosacea is not ocular. Further 
detection of Demodex in the hair follicles of patients with rosacea 
can lead to better diagnosis and possibly modification of the 
disease process [70].

According to the results, Demodex mites complicate the clinical 
picture and the process of rosacea. Analysis of the clinical picture 
and the course of the disease in patients with rosacea associated 
with Demodex mites revealed that the parasite develops acute 
inflammatory morphological elements and increases the duration 
of the rosacea disease [71].

4. Differences and Similarities Between Canine and Human 
Immune Response
4.1. Innate Immune Response
Live Demodex parasites, derived from the natural skin of the 
face, modulate the immune system by acting on human immortal 
sebaceous gland cells, which act through secretory active molecules 
to express TLR2 [72]. A wide range of cell types expresses pathogen 
recognition receptors against the infiltrating pathogens, which 
play an important role in the host innate immune system. Testro 
et al. showed that mammalian TLRs provide innate immunity with 
marked specificity against a large number of microbial pathogens. 
The signaling pathways of TLRs regulate gene expression of 
cytokines, co-stimulatory, and adhesion molecule production [6].

In human Demodicosis, factors such as carbohydrate-like Tn 
antigen (expressed by Demodex) and secretion of pro-inflammatory 
mediators like IL-8 and tumor necrosis factor (TNF)-α from the 
pilosebaceous unit may play a role in the innate immune response 
of the host to facilitate the invasion and population expansion of 
Demodex. Additionally, mites’ infestation can elevate tear cytokine 
levels, especially IL-1β and IL-17, which can cause inflammation 
of the lid margin and ocular surface in some individuals [3]. The 
studies did not find a significant difference between the amount of 
TNF‐ α produced by infected cells and treated cells and also did 
not show a significant change in phagocytic activity and index, but 
a decrease in the functional activity of leukocytosis was observed 
in primary Demodicosis in humans [7]. 

Similarly, the expression level of TLRs in dogs with Demodex 
has also been suggested as an important factor, and significantly 
increased TLR2 expression and decreased TLR4 and TLR6 
expression has been observed in peripheral blood samples isolated 
from infected dogs compared to control animals [73]. Induction 
and progression of primary canine Demodicosis, including anti-
inflammatory pathways associated with increased cholinesterase 
activity, and in addition, cytokine IL-10, which has both anti-
inflammatory and immunosuppressive activity, is associated with 
the development of recurring canine Demodicosis [27].

4.2. Adaptive Immune Response
From the results of the first research, the role of immune response T 
cells can be mentioned [27]. Helper T cells known as the adaptive 
immune response, can infiltrate the site with other immune 
response cells, including macrophages and Langerhans cells [3]. In 
the lesions caused by Demodex-related rosacea, concentrations of 
helper T cells have been observed. In consolidating the importance 
of helper T cells, we can mention the inflammatory infiltration in 
the follicles in rosacea patients with Demodex infection, which 
has a higher level compared to macrophages and Langerhans cells. 
so they are known as type IV immune reactions [74]. It has been 
shown that in individuals with primary Demodicosis, a significant 
decrease in the level of lymphocytes and T cell subsets is observed 
in the collected peripheral blood samples [75]. Flow cytometry 
analysis of blood samples collected from individuals with human 
Demodicosis and healthy individuals showed that in the patient 
group, there were more T9 and T reg cells in the blood samples 
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and in skin homing T cell populations compared to the control 
group. Also, in confirmation of this claim, sebocytes, after facing 
the Demodex challenge, increased the release of cytokine IL‐10 
with the help of T regs [49,72].

Haeley et al. demonstrated the role of cellular immunity in canine 
Demodicosis. Other studies of canine Demodicosis have reported 
that although CD4+ and CD8+ lymphocyte populations are equal 
in the perifollicular dermis, cells in the furunculosis lesions and 
infiltrated follicular epithelium are composed mostly of CD3+ and 
CD8+ T cells [27, 76]. Dog Demodex parasites have been reported 
to escape adaptive immune attack by inducing lymphocyte 
apoptosis [77].

The importance of the humoral immune response during primary 
Demodicosis has not yet been determined because no significant 
differences in circulatory immune complex, serum complement 
activity, phagocytic activity, and serum antibody (IgA, IgG and 
IgM) levels were observed between healthy individuals and the 
Demodicosis group. While blood IgM levels in patients were 
significantly higher than the control group [7,75].

In studies performed with skin sampling of dogs with Demodicosis, 
the presence of IgG-bearing plasma cells was at a higher level than 
IgA‐and IgM-bearing plasma cells, while in follicular epithelium 
and peri-follicular dermis, IgG positive plasma was evident in 
such a way that the presence of IgG4 in per-folliculitis lesions and 
IgG2 or IgG4 in folliculitis or furunculosis samples were largely 
positive [27].

In another study, Pit Bull Terrier dogs with primary Demodicosis, 
no difference in serum IgM, IgG, and IgE levels were observed 
between controls and patients, but higher serum IgA was reported 
in patients [78]. High IgG secreting plasma cells were found in 
canine skin samples with Demodicosis, Although the exact role of 
the humoral response against human Demodicosis is not entirely 
clear. Therefore, it seems that the adaptive immune system against 
Demodicosis may consist of both humoral and cellular responses 
[79].

5. Conclusion
It seems that the host immune system appears to recognize and 
tolerate the presence of these mites, although the physiological 
role of human Demodex mites in healthy skin remains unclear, 
especially the way in which they escape the innate immune system 
is very important. The clinical distinction between Demodicosis 
and inflammatory dermatoses, such as papulopustular rosacea 
or dermatitis around the mouth, should be considered. Despite 
the close genetic relationship between Demodex Folliculorum 
and Demodex Brevis they show different clinical and cellular 
manifestations in humans and dogs. Advances in the availability 
of appropriate in vitro or in vivo models for future experimental 
studies could be a major step forward in immunological studies 
and a full understanding of the pathogenesis of the disease, as 
well as how they reproduce in the host, which leads to the further 
development of new treatment strategies.

References
1.	 Underwood, W. J., Blauwiekel, R., Delano, M. L., Gillesby, 

R., Mischler, S. A., & Schoell, A. (2015). Biology and diseases 
of ruminants (sheep, goats, and cattle). In Laboratory animal 
medicine (pp. 623-694). Academic Press.

2.	 Merino-Rodríguez, M. (2013). Lexicon of Parasites and 
Diseases in Livestock: Including Parasites and Diseases of 
All Farm and Domestic Animals, Free-Living Wild Fauna, 
Fishes, Honeybee and Silkworm, and Parasites of Products of 
Animal Origin. Elsevier.

3.	 Lam, N. S. K., Long, X. X., Li, X., Yang, L., Griffin, R. C., 
& Doery, J. C. (2020). Comparison of the efficacy of tea tree 
(Melaleuca alternifolia) oil with other current pharmacological 
management in human demodicosis: A Systematic Review. 
Parasitology, 147(14), 1587-1613.

4.	 Rufli, T., Mumcuoglu, Y., Cajacob, A., & Buechner, S. (1981). 
Demodex folliculorum: Zur Ätiopathogenese und Therapie 
der Rosazea und der perioralen Dermatitis. Dermatology, 
162(1), 12-26.

5.	 Shamriz, O., Lev, A., Simon, A. J., Barel, O., Javasky, E., 
Matza-Porges, S., ... & Tal, Y. (2021). Chronic demodicosis 
in patients with immune dysregulation: An unexpected 
infectious manifestation of Signal transducer and activator 
of transcription (STAT) 1 gain-of-function. Clinical & 
Experimental Immunology, 206(1), 56-67.

6.	 Soman, S. P., Singh, S. K., Kumari, P., Choudhury, S., Singh, 
A., Kanwal, S., ... & Garg, S. K. (2020). Quantification of 
immuno-regulatory cytokine and toll-like receptors gene 
expression in dogs with generalized demodicosis. Veterinary 
parasitology, 280, 109063.

7.	 Akilov, O. E., & Mumcuoglu, K. Y. (2004). Immune response 
in demodicosis. Journal of the European Academy of 
Dermatology and Venereology, 18(4), 440-444.

8.	 Mumcuoglu, K. Y., & Akilov, O. E. (2005). The role of HLA 
A2 and Cw2 in the pathogenesis of human demodicosis. 
Dermatology, 210(2), 109-114.

9.	 Amitay‐Laish, I., Solomon‐Cohen, E., Feuerman, H., 
Didkovsky, E., Davidovici, B., Leshem, Y. A., ... & Segal, R. 
(2022). Facial demodicosis in the immunosuppressed state: a 
retrospective case series from a tertiary referral center.

10.	 Dash, S., Jyotiranjan, T., Das, L. P., Sahoo, R., Mohapatra, S., 
& Das, M. (2017). Management of demodicosis (Demodex 
canis) associated with secondary bacterial infections in Dog. 
The Pharma Innovation, 6(9, Part F), 372.

11.	 Gortel K. Developments in small animal veterinary 
dermatology. Can Vet J. 2018;59(1):85-8.

12.	 Lacey, N., Russell‐Hallinan, A., & Powell, F. C. (2016). Study 
of Demodex mites: challenges and solutions. Journal of the 
European Academy of Dermatology and Venereology, 30(5), 
764-775..

13.	 Plant, J. D., Lund, E. M., & Yang, M. (2011). A case–control 
study of the risk factors for canine juvenile‐onset generalized 
demodicosis in the USA. Veterinary dermatology, 22(1), 95-
99.

14.	 Miller, W. H., Griffin, C. E., & Campbell, K. L. (2013). 
Bacterial Skin Diseases. Muller & Kirk’s Small Animal 

https://doi.org/10.1016/B978-0-12-409527-4.00015-8
https://doi.org/10.1016/B978-0-12-409527-4.00015-8
https://doi.org/10.1016/B978-0-12-409527-4.00015-8
https://doi.org/10.1016/B978-0-12-409527-4.00015-8
https://books.google.co.in/books?hl=en&lr=&id=PDLLBAAAQBAJ&oi=fnd&pg=PP1&dq=Merino-Rodr%C3%ADguez+M.+Lexicon+of+Parasites+and+Diseases+in+Livestock:+Including+Parasites+and+Diseases+of+All+Farm+and+Domestic+Animals,+Free-Living+Wild+Fauna,+Fishes,+Honeybee+and+Silkworm,+and+Parasites+of+Products+of+Animal+Origin:+Elsevier%3B+2013.&ots=zVEvgfk6jt&sig=tqUW-i1ojByy6rCpHYL-SO8OTtM&redir_esc=y#v=onepage&q=Merino-Rodr%C3%ADguez%20M.%20Lexicon%20of%20Parasites%20and%20Diseases%20in%20Livestock%3A%20Including%20Parasites%20and%20Diseases%20of%20All%20Farm%20and%20Domestic%20Animals%2C%20Free-Living%20Wild%20Fauna%2C%20Fishes%2C%20Honeybee%20and%20
https://books.google.co.in/books?hl=en&lr=&id=PDLLBAAAQBAJ&oi=fnd&pg=PP1&dq=Merino-Rodr%C3%ADguez+M.+Lexicon+of+Parasites+and+Diseases+in+Livestock:+Including+Parasites+and+Diseases+of+All+Farm+and+Domestic+Animals,+Free-Living+Wild+Fauna,+Fishes,+Honeybee+and+Silkworm,+and+Parasites+of+Products+of+Animal+Origin:+Elsevier%3B+2013.&ots=zVEvgfk6jt&sig=tqUW-i1ojByy6rCpHYL-SO8OTtM&redir_esc=y#v=onepage&q=Merino-Rodr%C3%ADguez%20M.%20Lexicon%20of%20Parasites%20and%20Diseases%20in%20Livestock%3A%20Including%20Parasites%20and%20Diseases%20of%20All%20Farm%20and%20Domestic%20Animals%2C%20Free-Living%20Wild%20Fauna%2C%20Fishes%2C%20Honeybee%20and%20
https://books.google.co.in/books?hl=en&lr=&id=PDLLBAAAQBAJ&oi=fnd&pg=PP1&dq=Merino-Rodr%C3%ADguez+M.+Lexicon+of+Parasites+and+Diseases+in+Livestock:+Including+Parasites+and+Diseases+of+All+Farm+and+Domestic+Animals,+Free-Living+Wild+Fauna,+Fishes,+Honeybee+and+Silkworm,+and+Parasites+of+Products+of+Animal+Origin:+Elsevier%3B+2013.&ots=zVEvgfk6jt&sig=tqUW-i1ojByy6rCpHYL-SO8OTtM&redir_esc=y#v=onepage&q=Merino-Rodr%C3%ADguez%20M.%20Lexicon%20of%20Parasites%20and%20Diseases%20in%20Livestock%3A%20Including%20Parasites%20and%20Diseases%20of%20All%20Farm%20and%20Domestic%20Animals%2C%20Free-Living%20Wild%20Fauna%2C%20Fishes%2C%20Honeybee%20and%20
https://books.google.co.in/books?hl=en&lr=&id=PDLLBAAAQBAJ&oi=fnd&pg=PP1&dq=Merino-Rodr%C3%ADguez+M.+Lexicon+of+Parasites+and+Diseases+in+Livestock:+Including+Parasites+and+Diseases+of+All+Farm+and+Domestic+Animals,+Free-Living+Wild+Fauna,+Fishes,+Honeybee+and+Silkworm,+and+Parasites+of+Products+of+Animal+Origin:+Elsevier%3B+2013.&ots=zVEvgfk6jt&sig=tqUW-i1ojByy6rCpHYL-SO8OTtM&redir_esc=y#v=onepage&q=Merino-Rodr%C3%ADguez%20M.%20Lexicon%20of%20Parasites%20and%20Diseases%20in%20Livestock%3A%20Including%20Parasites%20and%20Diseases%20of%20All%20Farm%20and%20Domestic%20Animals%2C%20Free-Living%20Wild%20Fauna%2C%20Fishes%2C%20Honeybee%20and%20
https://books.google.co.in/books?hl=en&lr=&id=PDLLBAAAQBAJ&oi=fnd&pg=PP1&dq=Merino-Rodr%C3%ADguez+M.+Lexicon+of+Parasites+and+Diseases+in+Livestock:+Including+Parasites+and+Diseases+of+All+Farm+and+Domestic+Animals,+Free-Living+Wild+Fauna,+Fishes,+Honeybee+and+Silkworm,+and+Parasites+of+Products+of+Animal+Origin:+Elsevier%3B+2013.&ots=zVEvgfk6jt&sig=tqUW-i1ojByy6rCpHYL-SO8OTtM&redir_esc=y#v=onepage&q=Merino-Rodr%C3%ADguez%20M.%20Lexicon%20of%20Parasites%20and%20Diseases%20in%20Livestock%3A%20Including%20Parasites%20and%20Diseases%20of%20All%20Farm%20and%20Domestic%20Animals%2C%20Free-Living%20Wild%20Fauna%2C%20Fishes%2C%20Honeybee%20and%20
https://doi.org/10.1017/S003118202000150X
https://doi.org/10.1017/S003118202000150X
https://doi.org/10.1017/S003118202000150X
https://doi.org/10.1017/S003118202000150X
https://doi.org/10.1017/S003118202000150X
https://doi.org/10.1159/000250229
https://doi.org/10.1159/000250229
https://doi.org/10.1159/000250229
https://doi.org/10.1159/000250229
https://doi.org/10.1111/cei.13636
https://doi.org/10.1111/cei.13636
https://doi.org/10.1111/cei.13636
https://doi.org/10.1111/cei.13636
https://doi.org/10.1111/cei.13636
https://doi.org/10.1111/cei.13636
https://doi.org/10.1016/j.vetpar.2020.109063
https://doi.org/10.1016/j.vetpar.2020.109063
https://doi.org/10.1016/j.vetpar.2020.109063
https://doi.org/10.1016/j.vetpar.2020.109063
https://doi.org/10.1016/j.vetpar.2020.109063
https://doi.org/10.1111/j.1468-3083.2004.00964.x
https://doi.org/10.1111/j.1468-3083.2004.00964.x
https://doi.org/10.1111/j.1468-3083.2004.00964.x
https://doi.org/10.1159/000082565
https://doi.org/10.1159/000082565
https://doi.org/10.1159/000082565
https://doi.org/10.1111/ijd.16162
https://doi.org/10.1111/ijd.16162
https://doi.org/10.1111/ijd.16162
https://doi.org/10.1111/ijd.16162
https://d1wqtxts1xzle7.cloudfront.net/89990419/6-9-19-639-libre.pdf?1661020242=&response-content-disposition=inline%3B+filename%3DManagement_of_demodicosis_Demodex_canis.pdf&Expires=1734521369&Signature=XwC2EpuNOMKHWLKz-sJGo4QIn7CBovbidlZWDrWQVtEaZN6c8vsdou2S-N0PC6BRxkg3u45xv7gqofJh1KCu19rQxKAuHh7m6eRlJx0gAN58Op66zL5OQY5mA~qdl9dWsWRv3iZetf6ED0wF5Raq45V5S4nge6Fr9S4Dggxz5KKe77Xc-x6cZTwGBdju5gsBYlRLFdq~5HxI9AG9nGSjlmkRykprzEzGuvQQUG1WQ~mUmPpuKxavxGy4vzR~hipkvwYAu1vOqnNTBQaVC0T9cI2gZJe4WL0cg9kxeTqo~rfB4v6IA5zOGBCHVzW9nBavAHW25MMMldlHHcUI51orZg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/89990419/6-9-19-639-libre.pdf?1661020242=&response-content-disposition=inline%3B+filename%3DManagement_of_demodicosis_Demodex_canis.pdf&Expires=1734521369&Signature=XwC2EpuNOMKHWLKz-sJGo4QIn7CBovbidlZWDrWQVtEaZN6c8vsdou2S-N0PC6BRxkg3u45xv7gqofJh1KCu19rQxKAuHh7m6eRlJx0gAN58Op66zL5OQY5mA~qdl9dWsWRv3iZetf6ED0wF5Raq45V5S4nge6Fr9S4Dggxz5KKe77Xc-x6cZTwGBdju5gsBYlRLFdq~5HxI9AG9nGSjlmkRykprzEzGuvQQUG1WQ~mUmPpuKxavxGy4vzR~hipkvwYAu1vOqnNTBQaVC0T9cI2gZJe4WL0cg9kxeTqo~rfB4v6IA5zOGBCHVzW9nBavAHW25MMMldlHHcUI51orZg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/89990419/6-9-19-639-libre.pdf?1661020242=&response-content-disposition=inline%3B+filename%3DManagement_of_demodicosis_Demodex_canis.pdf&Expires=1734521369&Signature=XwC2EpuNOMKHWLKz-sJGo4QIn7CBovbidlZWDrWQVtEaZN6c8vsdou2S-N0PC6BRxkg3u45xv7gqofJh1KCu19rQxKAuHh7m6eRlJx0gAN58Op66zL5OQY5mA~qdl9dWsWRv3iZetf6ED0wF5Raq45V5S4nge6Fr9S4Dggxz5KKe77Xc-x6cZTwGBdju5gsBYlRLFdq~5HxI9AG9nGSjlmkRykprzEzGuvQQUG1WQ~mUmPpuKxavxGy4vzR~hipkvwYAu1vOqnNTBQaVC0T9cI2gZJe4WL0cg9kxeTqo~rfB4v6IA5zOGBCHVzW9nBavAHW25MMMldlHHcUI51orZg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/89990419/6-9-19-639-libre.pdf?1661020242=&response-content-disposition=inline%3B+filename%3DManagement_of_demodicosis_Demodex_canis.pdf&Expires=1734521369&Signature=XwC2EpuNOMKHWLKz-sJGo4QIn7CBovbidlZWDrWQVtEaZN6c8vsdou2S-N0PC6BRxkg3u45xv7gqofJh1KCu19rQxKAuHh7m6eRlJx0gAN58Op66zL5OQY5mA~qdl9dWsWRv3iZetf6ED0wF5Raq45V5S4nge6Fr9S4Dggxz5KKe77Xc-x6cZTwGBdju5gsBYlRLFdq~5HxI9AG9nGSjlmkRykprzEzGuvQQUG1WQ~mUmPpuKxavxGy4vzR~hipkvwYAu1vOqnNTBQaVC0T9cI2gZJe4WL0cg9kxeTqo~rfB4v6IA5zOGBCHVzW9nBavAHW25MMMldlHHcUI51orZg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://pmc.ncbi.nlm.nih.gov/articles/PMC5731399/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5731399/
https://doi.org/10.1111/jdv.13517
https://doi.org/10.1111/jdv.13517
https://doi.org/10.1111/jdv.13517
https://doi.org/10.1111/jdv.13517
https://doi.org/10.1111/j.1365-3164.2010.00922.x
https://doi.org/10.1111/j.1365-3164.2010.00922.x
https://doi.org/10.1111/j.1365-3164.2010.00922.x
https://doi.org/10.1111/j.1365-3164.2010.00922.x
https://books.google.co.in/books/about/Muller_and_Kirk_s_Small_Animal_Dermatolo.html?id=urlFOAYWjxkC&redir_esc=y
https://books.google.co.in/books/about/Muller_and_Kirk_s_Small_Animal_Dermatolo.html?id=urlFOAYWjxkC&redir_esc=y


Arch Epidemiol Pub Health Res, 2024 Volume 3 | Issue 2 | 7

Dermatology.
15.	 Duclos, D. D., Jeffers, J. G., & Shanley, K. J. (1994). Prognosis 

for treatment of adult-onset demodicosis in dogs: 34 cases 
(1979-1990). Journal of the American Veterinary Medical 
Association, 204(4), 616-619.

16.	 Amitay‐Laish, I., Solomon‐Cohen, E., Feuerman, H., 
Didkovsky, E., Davidovici, B., Leshem, Y. A., ... & Segal, R. 
(2022). Facial demodicosis in the immunosuppressed state: a 
retrospective case series from a tertiary referral center.

17.	 Ferrer, L., Ravera, I., & Silbermayr, K. (2014). Immunology 
and pathogenesis of canine demodicosis. Veterinary 
Dermatology, 25(5), 427-e65.

18.	 Chudzicka-Strugała, I., Gołębiewska, I., Brudecki, G., Elamin, 
W., & Zwoździak, B. (2023). Demodicosis in different age 
groups and alternative treatment options—A review. Journal 
of Clinical Medicine, 12(4), 1649.

19.	 Chen, W., & Plewig, G. (2014). Human demodicosis: revisit 
and a proposed classification. British journal of dermatology, 
170(6), 1219-1225.

20.	 Forton, F. M. N. (2012). Papulopustular rosacea, skin 
immunity and Demodex: pityriasis folliculorum as a missing 
link. Journal of the European Academy of Dermatology and 
Venereology, 26(1), 19-28.

21.	 Forton, F. M., & De Maertelaer, V. (2021). Which factors 
influence Demodex proliferation? A retrospective pilot study 
highlighting a possible role of subtle immune variations and 
sebaceous gland status. The Journal of Dermatology, 48(8), 
1210-1220.

22.	 Morsy, T. A., El Okbi, M. M., El-Said, A. M., Arafa, M. A., 
& Sabry, A. H. (1995). Demodex (follicular mite) infesting 
a boy and his pet dog. Journal of the Egyptian Society of 
Parasitology, 25(2), 509-512.

23.	 Dik, B. (2018). A dog related Demodex spp. infestation in a 
student: a rare Demodex case. Mikrobiyoloji Bulteni, 52(2), 
214-220.

24.	 Litwin, D., WenChieh, C. H. E. N., Dzika, E., & Korycińska, 
J. (2017). Human permanent ectoparasites; recent advances on 
biology and clinical significance of Demodex mites: narrative 
review article. Iranian journal of parasitology, 12(1), 12.

25.	 Hu, L., Zhao, Y., Yang, Y., Niu, D., & Yang, R. (2019). LSU 
rDNA D5 region: the DNA barcode for molecular classification 
and identification of Demodex. Genome, 62(5), 295-304.

26.	 Sastre, N., Ravera, I., Villanueva, S., Altet, L., Bardagí, 
M., Sánchez, A., ... & Ferrer, L. (2012). Phylogenetic 
relationships in three species of canine Demodex mite based 
on partial sequences of mitochondrial 16S rDNA. Veterinary 
Dermatology, 23(6), 509-e101.

27.	 Gazi, U., Taylan‐Ozkan, A., & Mumcuoglu, K. Y. (2019). 
Immune mechanisms in human and canine demodicosis: A 
review. Parasite immunology, 41(12), e12673.

28.	 Koller, B., Müller-Wiefel, A. S., Rupec, R., Korting, H. 
C., & Ruzicka, T. (2011). Chitin modulates innate immune 
responses of keratinocytes. PloS one, 6(2), e16594.

29.	 Yamasaki, K., Kanada, K., Macleod, D. T., Borkowski, A. W., 
Morizane, S., Nakatsuji, T., ... & Gallo, R. L. (2011). TLR2 
expression is increased in rosacea and stimulates enhanced 

serine protease production by keratinocytes. Journal of 
Investigative Dermatology, 131(3), 688-697.

30.	 Kelly, P. A., Browne, J., Peters, S., Bell, F., McKay, J. S., 
Lara-Saez, I., & Breathnach, R. (2023). Gene expression 
analysis of Canine Demodicosis; A milieu promoting immune 
tolerance. Veterinary parasitology, 319, 109954.

31.	 Kumari, P., Nigam, R., Choudhury, S., Singh, S. K., Yadav, B., 
Kumar, D., & Garg, S. K. (2018). Demodex canis targets TLR 
s to evade host immunity and induce canine demodicosis. 
Parasite immunology, 40(3), e12509.

32.	 Jimenez-Acosta, F., Planas, L., & Penneys, N. (1989). 
Demodex mites contain immunoreactive lipase. Archives of 
dermatology, 125(10), 1436-1437.

33.	 Tsutsumi, Y. (2004). Deposition of IgD, alpha‐1‐antitrypsin 
and alpha‐1‐antichymotrypsin on Demodex folliculorum 
and D. brevis infesting the pilosebaceous unit. Pathology 
international, 54(1), 32-34.

34.	 Castanet, J., Monpoux, F., Mariani, R., Ortonne, J. P., & 
Lacour, J. P. (1997). Demodicidosis in an immunodeficient 
child. Pediatric dermatology, 14(3), 219-220.

35.	 Yi, J. S., Cox, M. A., & Zajac, A. J. (2010). T‐cell exhaustion: 
characteristics, causes and conversion. Immunology, 129(4), 
474-481.

36.	 Caswell, J. L., Yager, J. A., Parker, W. M., & Moore, P. F. 
(1997). A prospective study of the immunophenotype 
and temporal changes in the histologic lesions of canine 
demodicosis. Veterinary pathology, 34(4), 279-287.

37.	 Singh, S. K., Dimri, U., Sharma, M. C., Sharma, B., & Saxena, 
M. (2010). Determination of CD4+ and CD8+ T cells in the 
peripheral blood of dogs with demodicosis. Parasitology, 
137(13), 1921-1924.

38.	 Gross, T. L., Ihrke, P. J., Walder, E. J., & Affolter, V. K. (2008). 
Skin diseases of the dog and cat: clinical and histopathologic 
diagnosis. John Wiley & Sons.

39.	 Mueller, R. S., Bensignor, E., Ferrer, L., Holm, B., Lemarie, 
S., Paradis, M., & Shipstone, M. A. (2012). Treatment of 
demodicosis in dogs: 2011 clinical practice guidelines. 
Veterinary dermatology, 23(2), 86-e21.

40.	 Kuznetsova, E., Bettenay, S., Nikolaeva, L., Majzoub, M., & 
Mueller, R. (2012). Influence of systemic antibiotics on the 
treatment of dogs with generalized demodicosis. Veterinary 
Parasitology, 188(1-2), 148-155. 

41.	 Matejuk, A. (2018). Skin immunity. Archivum immunologiae 
et therapiae experimentalis, 66(1), 45-54.

42.	 Nguyen, A. V., & Soulika, A. M. (2019). The dynamics of the 
skin’s immune system. International journal of molecular 
sciences, 20(8), 1811.

43.	 Gallo, R. L., & Nakatsuji, T. (2011). Microbial symbiosis 
with the innate immune defense system of the skin. Journal of 
Investigative Dermatology, 131(10), 1974-1980.

44.	 Lovászi, M., Szegedi, A., Zouboulis, C. C., & Törőcsik, D. 
(2017). Sebaceous-immunobiology is orchestrated by sebum 
lipids. Dermato-endocrinology, 9(1), e1375636.

45.	 Clark, R. A. (2010). Skin-resident T cells: the ups and downs 
of on site immunity. Journal of investigative dermatology, 
130(2), 362-370.

https://books.google.co.in/books/about/Muller_and_Kirk_s_Small_Animal_Dermatolo.html?id=urlFOAYWjxkC&redir_esc=y
https://doi.org/10.2460/javma.1994.204.04.616
https://doi.org/10.2460/javma.1994.204.04.616
https://doi.org/10.2460/javma.1994.204.04.616
https://doi.org/10.2460/javma.1994.204.04.616
https://doi.org/10.1111/ijd.16162
https://doi.org/10.1111/ijd.16162
https://doi.org/10.1111/ijd.16162
https://doi.org/10.1111/ijd.16162
https://doi.org/10.1111/vde.12136
https://doi.org/10.1111/vde.12136
https://doi.org/10.1111/vde.12136
https://doi.org/10.3390/jcm12041649
https://doi.org/10.3390/jcm12041649
https://doi.org/10.3390/jcm12041649
https://doi.org/10.3390/jcm12041649
https://doi.org/10.1111/bjd.12850
https://doi.org/10.1111/bjd.12850
https://doi.org/10.1111/bjd.12850
https://doi.org/10.1111/j.1468-3083.2011.04310.x
https://doi.org/10.1111/j.1468-3083.2011.04310.x
https://doi.org/10.1111/j.1468-3083.2011.04310.x
https://doi.org/10.1111/j.1468-3083.2011.04310.x
https://doi.org/10.1111/1346-8138.15910
https://doi.org/10.1111/1346-8138.15910
https://doi.org/10.1111/1346-8138.15910
https://doi.org/10.1111/1346-8138.15910
https://doi.org/10.1111/1346-8138.15910
https://europepmc.org/article/med/7665947
https://europepmc.org/article/med/7665947
https://europepmc.org/article/med/7665947
https://europepmc.org/article/med/7665947
https://doi.org/10.5578/mb.66410
https://doi.org/10.5578/mb.66410
https://doi.org/10.5578/mb.66410
https://pmc.ncbi.nlm.nih.gov/articles/PMC5522688/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5522688/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5522688/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5522688/
https://doi.org/10.1139/gen-2018-0168
https://doi.org/10.1139/gen-2018-0168
https://doi.org/10.1139/gen-2018-0168
https://doi.org/10.1111/vde.12001
https://doi.org/10.1111/vde.12001
https://doi.org/10.1111/vde.12001
https://doi.org/10.1111/vde.12001
https://doi.org/10.1111/vde.12001
https://doi.org/10.1111/pim.12673
https://doi.org/10.1111/pim.12673
https://doi.org/10.1111/pim.12673
https://doi.org/10.1371/journal.pone.0016594
https://doi.org/10.1371/journal.pone.0016594
https://doi.org/10.1371/journal.pone.0016594
https://doi.org/10.1038/jid.2010.351
https://doi.org/10.1038/jid.2010.351
https://doi.org/10.1038/jid.2010.351
https://doi.org/10.1038/jid.2010.351
https://doi.org/10.1038/jid.2010.351
https://doi.org/10.1016/j.vetpar.2023.109954
https://doi.org/10.1016/j.vetpar.2023.109954
https://doi.org/10.1016/j.vetpar.2023.109954
https://doi.org/10.1016/j.vetpar.2023.109954
https://doi.org/10.1111/pim.12509
https://doi.org/10.1111/pim.12509
https://doi.org/10.1111/pim.12509
https://doi.org/10.1111/pim.12509
doi:10.1001/archderm.1989.01670220134028
doi:10.1001/archderm.1989.01670220134028
doi:10.1001/archderm.1989.01670220134028
https://doi.org/10.1111/j.1440-1827.2004.01581.x
https://doi.org/10.1111/j.1440-1827.2004.01581.x
https://doi.org/10.1111/j.1440-1827.2004.01581.x
https://doi.org/10.1111/j.1440-1827.2004.01581.x
https://doi.org/10.1111/j.1525-1470.1997.tb00242.x
https://doi.org/10.1111/j.1525-1470.1997.tb00242.x
https://doi.org/10.1111/j.1525-1470.1997.tb00242.x
https://doi.org/10.1111/j.1365-2567.2010.03255.x
https://doi.org/10.1111/j.1365-2567.2010.03255.x
https://doi.org/10.1111/j.1365-2567.2010.03255.x
https://doi.org/10.1177/030098589703400403
https://doi.org/10.1177/030098589703400403
https://doi.org/10.1177/030098589703400403
https://doi.org/10.1177/030098589703400403
doi: https://doi.org/10.1017/S0031182010000879
doi: https://doi.org/10.1017/S0031182010000879
doi: https://doi.org/10.1017/S0031182010000879
doi: https://doi.org/10.1017/S0031182010000879
https://books.google.co.in/books?hl=en&lr=&id=rnYSsATYiCYC&oi=fnd&pg=PR7&dq=38.%09Gross+T,+Ihrke+P,+Walder+E,+Affolter+V.+Pustular+and
https://books.google.co.in/books?hl=en&lr=&id=rnYSsATYiCYC&oi=fnd&pg=PR7&dq=38.%09Gross+T,+Ihrke+P,+Walder+E,+Affolter+V.+Pustular+and
https://books.google.co.in/books?hl=en&lr=&id=rnYSsATYiCYC&oi=fnd&pg=PR7&dq=38.%09Gross+T,+Ihrke+P,+Walder+E,+Affolter+V.+Pustular+and
https://doi.org/10.1111/j.1365-3164.2011.01026.x
https://doi.org/10.1111/j.1365-3164.2011.01026.x
https://doi.org/10.1111/j.1365-3164.2011.01026.x
https://doi.org/10.1111/j.1365-3164.2011.01026.x
https://doi.org/10.1016/j.vetpar.2012.02.023
https://doi.org/10.1016/j.vetpar.2012.02.023
https://doi.org/10.1016/j.vetpar.2012.02.023
https://doi.org/10.1016/j.vetpar.2012.02.023
https://doi.org/10.1007/s00005-017-0477-3
https://doi.org/10.1007/s00005-017-0477-3
https://doi.org/10.3390/ijms20081811
https://doi.org/10.3390/ijms20081811
https://doi.org/10.3390/ijms20081811
https://doi.org/10.1038/jid.2011.182
https://doi.org/10.1038/jid.2011.182
https://doi.org/10.1038/jid.2011.182
https://doi.org/10.1080/19381980.2017.1375636
https://doi.org/10.1080/19381980.2017.1375636
https://doi.org/10.1080/19381980.2017.1375636
https://doi.org/10.1038/jid.2009.247
https://doi.org/10.1038/jid.2009.247
https://doi.org/10.1038/jid.2009.247


Arch Epidemiol Pub Health Res, 2024 Volume 3 | Issue 2 | 8

46.	 Honda, T., Egawa, G., & Kabashima, K. (2019). Antigen 
presentation and adaptive immune responses in skin. 
International Immunology, 31(7), 423-429.

47.	 Ho, A. W., & Kupper, T. S. (2019). T cells and the skin: from 
protective immunity to inflammatory skin disorders. Nature 
Reviews Immunology, 19(8), 490-502.

48.	 Egbuniwe IU, Karagiannis SN, Nestle FO, Lacy KE. 
Revisiting the role of B cells in skin immune surveillance. 
Trends Immunol. 2015;36(2):102-11.

49.	 Gazi, U., Gureser, A. S., Oztekin, A., Karasartova, D., Kosar‐
Acar, N., Derici, M. K., ... & Taylan‐Ozkan, A. (2019). Skin‐
homing T‐cell responses associated with Demodex infestation 
and rosacea. Parasite Immunology, 41(8), e12658.

50.	 Yamasaki, K., Di Nardo, A., Bardan, A., Murakami, M., 
Ohtake, T., Coda, A., ... & Gallo, R. L. (2007). Increased serine 
protease activity and cathelicidin promotes skin inflammation 
in rosacea. Nature medicine, 13(8), 975-980.

51.	 Casas, C., Paul, C., Lahfa, M., Livideanu, B., Lejeune, O., 
Alvarez‐Georges, S., ... & Redoulès, D. (2012). Quantification 
of Demodex folliculorum by PCR in rosacea and its 
relationship to skin innate immune activation. Experimental 
dermatology, 21(12), 906-910.

52.	 Mounsey, K. E., McCarthy, J. S., & Walton, S. F. (2013). 
Scratching the itch: new tools to advance understanding of 
scabies. Trends in parasitology, 29(1), 35-42.

53.	 Morgan, M. S., Arlian, L. G., & Markey, M. P. (2013). 
Sarcoptes scabiei mites modulate gene expression in human 
skin equivalents. PLoS One, 8(8), e71143.

54.	 Thoemmes, M. S., Fergus, D. J., Urban, J., Trautwein, M., 
& Dunn, R. R. (2014). Ubiquity and diversity of human-
associated Demodex mites. PloS one, 9(8), e106265.

55.	 Forstinger, C., Kittler, H., & Binder, M. (1999). Treatment of 
rosacea-like demodicidosis with oral ivermectin and topical 
permethrin cream. Journal of the American Academy of 
Dermatology, 41(5), 775-777.

56.	 Clyti, E., Nacher, M., Sainte‐Marie, D., Pradinaud, R., & 
Couppie, P. (2006). Ivermectin treatment of three cases 
of demodecidosis during human immunodeficiency virus 
infection. International journal of dermatology, 45(9), 1066-
1068.

57.	 Allen, K. J., Davis, C. L., Billings, S. D., & Mousdicas, 
N. (2007). Recalcitrant papulopustular rosacea in an 
immunocompetent patient responding to combination therapy 
with oral ivermectin and topical permethrin. Cutis, 80(2), 
149-151.

58.	 Mueller, R. S. (2004). Treatment protocols for demodicosis: 
an evidence‐based review. Veterinary dermatology, 15(2), 75-
89.

59.	 Hay, R. J., Steer, A. C., Engelman, D., & Walton, S. 
(2012). Scabies in the developing world–-its prevalence, 
complications, and management. Clinical microbiology and 
infection, 18(4), 313-323.

60.	 Forton, F., Seys, B., Marchal, J. L., & Song, M. (1998). 
Demodex folliculorum and topical treatment: acaricidal action 
evaluated by standardized skin surface biopsy. British journal 
of dermatology, 138(3), 461-466.

61.	 Chang, Y. S., & Huang, Y. C. (2017). Role of Demodex mite 
infestation in rosacea: a systematic review and meta-analysis. 
Journal of the American Academy of Dermatology, 77(3), 
441-447.

62.	 Lopez-Ponce, D., Zuazo, F., Cartes, C., Salinas-Toro, D., 
Pérez-Valenzuela, C., Valenzuela, F., ... & López-Solís, R. O. 
(2017). High prevalence of Demodex spp. infestation among 
patients with posterior blepharitis: correlation with age and 
cylindrical dandruff. Archivos de la Sociedad Española de 
Oftalmología (English Edition), 92(9), 412-418.

63.	 Harmelin, Y., Le Duff, F., Passeron, T., Lacour, J. P., & 
Bahadoran, P. (2017). The value of reflectance confocal 
microscopy in detection of Demodex mites. In Annales de 
dermatologie et de venereologie (Vol. 144, No. 6-7, pp. 459-
461).

64.	 Nicholls, S. G., Oakley, C. L., Tan, A., & Vote, B. J. (2016). 
Demodex treatment in external ocular disease: the outcomes 
of a Tasmanian case series. International ophthalmology, 36, 
691-696.

65.	 Dainichi, T., Hanakawa, S., & Kabashima, K. (2014). 
Classification of inflammatory skin diseases: a proposal 
based on the disorders of the three-layered defense systems, 
barrier, innate immunity and acquired immunity. Journal of 
dermatological science, 76(2), 81-89.

66.	 Forton, F. M. (2020). The pathogenic role of demodex 
mites in rosacea: a potential therapeutic target already in 
erythematotelangiectatic rosacea?. Dermatology and Therapy, 
10(6), 1229-1253.

67.	 Woo, Y. R., Lim, J. H., Cho, D. H., & Park, H. J. (2016). 
Rosacea: molecular mechanisms and management of a chronic 
cutaneous inflammatory condition. International Journal of 
Molecular Sciences, 17(9), 1562.

68.	 Spoendlin, J., Voegel, J. J., Jick, S. S., & Meier, C. R. (2012). 
A study on the epidemiology of rosacea in the UK. British 
journal of dermatology, 167(3), 598-605.

69.	 Buhl, T., Sulk, M., Nowak, P., Buddenkotte, J., McDonald, 
I., Aubert, J., ... & Steinhoff, M. (2015). Molecular and 
morphological characterization of inflammatory infiltrate in 
rosacea reveals activation of Th1/Th17 pathways. Journal of 
Investigative Dermatology, 135(9), 2198-2208.

70.	 Gonzalez-Hinojosa, D., Jaime-Villalonga, A., Aguilar-Montes, 
G., & Lammoglia-Ordiales, L. (2018). Demodex and rosacea: 
Is there a relationship?. Indian journal of ophthalmology, 
66(1), 36-38.

71.	 Kubanov, A., Gallyamova, Y., & Kravchenko, A. (2019). 
Clinical picture, diagnosis and treatment of rosacea, 
complicated by Demodex mites. Dermatology reports, 11(1).

72.	 Lacey, N., Russell‐Hallinan, A., Zouboulis, C. C., & Powell, F. 
(2018). Demodex mites modulate sebocyte immune reaction: 
possible role in the pathogenesis of rosacea. British Journal of 
Dermatology, 179(2), 420-430.

73.	 Kumari, P., Nigam, R., Choudhury, S., Singh, S. K., Yadav, B., 
Kumar, D., & Garg, S. K. (2018). Demodex canis targets TLR 
s to evade host immunity and induce canine demodicosis. 
Parasite immunology, 40(3), e12509.

74.	 Georgala, S., Katoulis, A. C., Kylafis, G. D., Koumantaki‐

https://doi.org/10.1093/intimm/dxz005
https://doi.org/10.1093/intimm/dxz005
https://doi.org/10.1093/intimm/dxz005
https://doi.org/10.1038/s41577-019-0162-
https://doi.org/10.1038/s41577-019-0162-
https://doi.org/10.1038/s41577-019-0162-
D:\Opast new pdfs\MAHENDRA\AEPHR\AEPHR-24-02\Egbuniwe, I. U., Karagiannis, S. N., Nestle, F. O., & Lacy, K. E. (2015). Revisiting the role of B cells in skin immune surveillance. Trends in immunology, 36(2), 102-111
D:\Opast new pdfs\MAHENDRA\AEPHR\AEPHR-24-02\Egbuniwe, I. U., Karagiannis, S. N., Nestle, F. O., & Lacy, K. E. (2015). Revisiting the role of B cells in skin immune surveillance. Trends in immunology, 36(2), 102-111
D:\Opast new pdfs\MAHENDRA\AEPHR\AEPHR-24-02\Egbuniwe, I. U., Karagiannis, S. N., Nestle, F. O., & Lacy, K. E. (2015). Revisiting the role of B cells in skin immune surveillance. Trends in immunology, 36(2), 102-111
https://doi.org/10.1111/pim.12658
https://doi.org/10.1111/pim.12658
https://doi.org/10.1111/pim.12658
https://doi.org/10.1111/pim.12658
https://doi.org/10.1038/nm1616
https://doi.org/10.1038/nm1616
https://doi.org/10.1038/nm1616
https://doi.org/10.1038/nm1616
https://doi.org/10.1111/exd.12030
https://doi.org/10.1111/exd.12030
https://doi.org/10.1111/exd.12030
https://doi.org/10.1111/exd.12030
https://doi.org/10.1111/exd.12030
Mounsey, K. E., McCarthy, J. S., & Walton, S. F. (2013). Scratching the itch: new tools to advance understanding of scabies. Trends in parasitology, 29(1), 35-42.

Mounsey, K. E., McCarthy, J. S., & Walton, S. F. (2013). Scratching the itch: new tools to advance understanding of scabies. Trends in parasitology, 29(1), 35-42.

Mounsey, K. E., McCarthy, J. S., & Walton, S. F. (2013). Scratching the itch: new tools to advance understanding of scabies. Trends in parasitology, 29(1), 35-42.

https://doi.org/10.1371/journal.pone.0071143
https://doi.org/10.1371/journal.pone.0071143
https://doi.org/10.1371/journal.pone.0071143
https://doi.org/10.1371/journal.pone.0106265
https://doi.org/10.1371/journal.pone.0106265
https://doi.org/10.1371/journal.pone.0106265
https://doi.org/10.1016/S0190-9622(99)70022-8
https://doi.org/10.1016/S0190-9622(99)70022-8
https://doi.org/10.1016/S0190-9622(99)70022-8
https://doi.org/10.1016/S0190-9622(99)70022-8
https://doi.org/10.1111/j.1365-4632.2006.02924.x
https://doi.org/10.1111/j.1365-4632.2006.02924.x
https://doi.org/10.1111/j.1365-4632.2006.02924.x
https://doi.org/10.1111/j.1365-4632.2006.02924.x
https://doi.org/10.1111/j.1365-4632.2006.02924.x
https://europepmc.org/article/med/17944176
https://europepmc.org/article/med/17944176
https://europepmc.org/article/med/17944176
https://europepmc.org/article/med/17944176
https://europepmc.org/article/med/17944176
https://doi.org/10.1111/j.1365-3164.2004.00344.x
https://doi.org/10.1111/j.1365-3164.2004.00344.x
https://doi.org/10.1111/j.1365-3164.2004.00344.x
https://doi.org/10.1111/j.1469-0691.2012.03798.x
https://doi.org/10.1111/j.1469-0691.2012.03798.x
https://doi.org/10.1111/j.1469-0691.2012.03798.x
https://doi.org/10.1111/j.1469-0691.2012.03798.x
https://doi.org/10.1046/j.1365-2133.1998.02125.x
https://doi.org/10.1046/j.1365-2133.1998.02125.x
https://doi.org/10.1046/j.1365-2133.1998.02125.x
https://doi.org/10.1046/j.1365-2133.1998.02125.x
https://doi.org/10.1016/j.jaad.2017.03.040
https://doi.org/10.1016/j.jaad.2017.03.040
https://doi.org/10.1016/j.jaad.2017.03.040
https://doi.org/10.1016/j.jaad.2017.03.040
https://doi.org/10.1016/j.oftale.2017.07.002
https://doi.org/10.1016/j.oftale.2017.07.002
https://doi.org/10.1016/j.oftale.2017.07.002
https://doi.org/10.1016/j.oftale.2017.07.002
https://doi.org/10.1016/j.oftale.2017.07.002
https://doi.org/10.1016/j.oftale.2017.07.002
doi: 10.1016/j.annder.2016.10.019
doi: 10.1016/j.annder.2016.10.019
doi: 10.1016/j.annder.2016.10.019
doi: 10.1016/j.annder.2016.10.019
doi: 10.1016/j.annder.2016.10.019
https://link.springer.com/article/10.1007/s10792-016-0188-5
https://link.springer.com/article/10.1007/s10792-016-0188-5
https://link.springer.com/article/10.1007/s10792-016-0188-5
https://link.springer.com/article/10.1007/s10792-016-0188-5
https://doi.org/10.1016/j.jdermsci.2014.08.010
https://doi.org/10.1016/j.jdermsci.2014.08.010
https://doi.org/10.1016/j.jdermsci.2014.08.010
https://doi.org/10.1016/j.jdermsci.2014.08.010
https://doi.org/10.1016/j.jdermsci.2014.08.010
https://doi.org/10.6084/m9.figshare.13042940.
https://doi.org/10.6084/m9.figshare.13042940.
https://doi.org/10.6084/m9.figshare.13042940.
https://doi.org/10.6084/m9.figshare.13042940.
https://doi.org/10.3390/ijms17091562
https://doi.org/10.3390/ijms17091562
https://doi.org/10.3390/ijms17091562
https://doi.org/10.3390/ijms17091562
https://doi.org/10.1111/j.1365-2133.2012.11037.x
https://doi.org/10.1111/j.1365-2133.2012.11037.x
https://doi.org/10.1111/j.1365-2133.2012.11037.x
https://doi.org/10.1038/jid.2015.141
https://doi.org/10.1038/jid.2015.141
https://doi.org/10.1038/jid.2015.141
https://doi.org/10.1038/jid.2015.141
https://doi.org/10.1038/jid.2015.141
doi: 10.4103/ijo.IJO_514_17
doi: 10.4103/ijo.IJO_514_17
doi: 10.4103/ijo.IJO_514_17
doi: 10.4103/ijo.IJO_514_17
doi: 10.4081/dr.2019.7675
doi: 10.4081/dr.2019.7675
doi: 10.4081/dr.2019.7675
https://doi.org/10.1111/bjd.16540
https://doi.org/10.1111/bjd.16540
https://doi.org/10.1111/bjd.16540
https://doi.org/10.1111/bjd.16540
https://doi.org/10.1111/pim.12509
https://doi.org/10.1111/pim.12509
https://doi.org/10.1111/pim.12509
https://doi.org/10.1111/pim.12509
https://doi.org/10.1046/j.1468-3083.2001.00331.x


Arch Epidemiol Pub Health Res, 2024 Volume 3 | Issue 2 | 9

Mathioudaki, E., Georgala, C., & Aroni, K. (2001). Increased 
density of Demodex folliculorum and evidence of delayed 
hypersensitivity reaction in subjects with papulopustular 
rosacea. Journal of the European Academy of dermatology 
and Venereology, 15(5), 441-444.

75.	 el-Bassiouni, S. O., Ahmed, J. A., Younis, A. I., Ismail, M. 
A., Saadawi, A. N., & Bassiouni, S. O. (2005). A study on 
Demodex folliculorum mite density and immune response 
in patients with facial dermatoses. Journal of the Egyptian 
Society of Parasitology, 35(3), 899-910.

76.	 Healey, M. C., & Gaafar, S. M. (1977). Immunodeficiency 
in canine demodectic mange. I. Experimental production of 
lesions using antilymphocyte serum. Veterinary Parasitology, 
3(2), 121-131.

77.	 Singh, S. K., Dimri, U., Sharma, M. C., Swarup, D., Sharma, 

B., Pandey, H. O., & Kumari, P. (2011). The role of apoptosis 
in immunosuppression of dogs with demodicosis. Veterinary 
immunology and immunopathology, 144(3-4), 487-492.

78.	 Souza, C. P., Schissler, J. R., Contreras, E. T., Dow, S. W., 
Hopkins, L. S., Coy, J. W., ... & Lappin, M. R. (2018). 
Evaluation of immunological parameters in pit bull terrier‐
type dogs with juvenile onset generalized demodicosis and 
age‐matched healthy pit bull terrier‐type dogs. Veterinary 
dermatology, 29(6), 482-e162.

79.	 Shamriz, O., Lev, A., Simon, A. J., Barel, O., Javasky, E., 
Matza-Porges, S., ... & Tal, Y. (2021). Chronic demodicosis 
in patients with immune dysregulation: An unexpected 
infectious manifestation of Signal transducer and activator 
of transcription (STAT) 1 gain-of-function. Clinical & 
Experimental Immunology, 206(1), 56-67.

Copyright: ©2024 Soren Nooraei, et al. This is an open-access 
article distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original author and 
source are credited.

https://opastpublishers.com/

https://doi.org/10.1046/j.1468-3083.2001.00331.x
https://doi.org/10.1046/j.1468-3083.2001.00331.x
https://doi.org/10.1046/j.1468-3083.2001.00331.x
https://doi.org/10.1046/j.1468-3083.2001.00331.x
https://doi.org/10.1046/j.1468-3083.2001.00331.x
https://europepmc.org/article/med/16333898
https://europepmc.org/article/med/16333898
https://europepmc.org/article/med/16333898
https://europepmc.org/article/med/16333898
https://europepmc.org/article/med/16333898
https://doi.org/10.1016/0304-4017(77)90029-2
https://doi.org/10.1016/0304-4017(77)90029-2
https://doi.org/10.1016/0304-4017(77)90029-2
https://doi.org/10.1016/0304-4017(77)90029-2
https://doi.org/10.1016/j.vetimm.2011.08.008
https://doi.org/10.1016/j.vetimm.2011.08.008
https://doi.org/10.1016/j.vetimm.2011.08.008
https://doi.org/10.1016/j.vetimm.2011.08.008
https://doi.org/10.1111/vde.12681
https://doi.org/10.1111/vde.12681
https://doi.org/10.1111/vde.12681
https://doi.org/10.1111/vde.12681
https://doi.org/10.1111/vde.12681
https://doi.org/10.1111/vde.12681
https://doi.org/10.1111/cei.13636
https://doi.org/10.1111/cei.13636
https://doi.org/10.1111/cei.13636
https://doi.org/10.1111/cei.13636
https://doi.org/10.1111/cei.13636
https://doi.org/10.1111/cei.13636

