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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Aim: The aim of work is description of new observations 

related to the participation of demodex in tumor morphogenesis 
with goal to study the example of eyelid papilloma, imagine 
the connection between the presence of the demodex mite and 
certain changes in the typical histomorphological picture of the 
neoplasm. 

Materials and methods: Histomorphological examination 
covers biopsy and operative material of eye pathology with 
diagnosis of neoplasm (eyelid papilloma and actinic keratosis 
(senile keratosis, senile keratoma, solar keratosis)) were 
selected, with special attention paid to the presence of horn 
cysts. Agile methodologies were employed to manage the 
research workflow effectively. 

Results: As a result of the conducted histomorphological 
examination, in 24 cases (48%), patterns pathognomonic for 
demodectic infection were found. Such patterns, which could 
indicate the presence of a demodex mite, were cystic formations, 
as well as fragments of a dead parasite. We noted their presence 
not only in the tumor tissue, but also in the adjacent hair follicles, 
sebaceous glands, and subepidermal stroma. It is no coincidence 
that the authors who previously noted the presence of pigmented 
elements in keratopapillomas or seborrheic keratomas could not 
explain their origin, resorting to putting forward such fantastic 
assumptions as the presence of "symbiosis of melanoblasts and 
epithelial cells, which ensures the transfer of pigment from the 
first to the second". 

Conclusions: Histomorphological study of serial sections 
allows us to see the successive stages of transformation of 
cavity intratissue defects created by the activity of the mite into 
horn cysts. Cavity defects are the main evidence of demodectic 
infestation. They occur in basal cell and squamous cell 
carcinomas, xanthomas, sebaceous adenomas, etc. tumors of the 
eyelids, but only in keratoacanthomas and senile keratomas they 
can turn into corneal cysts, which can be assumed to be due to 
the differentiating potential of these neoplasms.

Key words. Demodex, papilloma, tumor, morphogenesis, Agile.
Introduction.

The experience of pathomorphological work with biopsy 
material of domestic animals (cats, dogs) made it possible to 
pay attention to some pathomorphological patterns associated 
with ectoparasites generally and demodicosis [1-3] partly. These 
changes in human pathology, as a rule, are underestimated 
or ignored as artifacts, the consideration of which is optional 
when establishing a diagnosis with variable presents of invasive 
agents [4,5].

Unlike humans, demodectic infection in animals is often 
accompanied by gross tumor-like changes in the skin. 
Therefore, such pathological conditions often become 
objects of pathomorphological research. In humans, 
demodectic skin changes encountered by dermatologists and 
dermatovenerologists, as a rule, do not require a biopsy. As a 
result, there is insufficient knowledge about the consequences 
of demodectic infection in human pathology [3,6].

As for ophthalmopathology, here the main method of 
diagnosing demodectic infection is the clinical diagnostic 
study of the native material - the removed eyelash under a 
low magnification microscope. Thus, detection of a mite with 
a characteristic picture of blepharitis or blepharoconjunctivitis 
becomes sufficient for diagnosis [7]. Based on this practice, the 
belief was formed that demodectic infection is limited only to 
acute and chronic inflammatory processes with a characteristic 
clinical picture, which in most cases does not require 
pathomorphological confirmation [8,9].

Our latest observations allowed pay attention and characterized 
number of pathognomonic patterns associated with the presence 
of the demodex mite, based on the study of biopsy and surgical 
material of tumor processes, thanks to which the peculiarities 
of the pathomorphosis of some eyelid tumors were revealed as 
morphological research [10-12]. Moreover, the dynamic nature 
of studying demodicosis, which involves rapid changes in 
observations and findings, necessitates a flexible and adaptive 
approach to research. Implementing Agile methodologies can 
significantly enhance the efficiency and responsiveness of 
research teams dealing with such intricate medical conditions. 
Agile transformation is becoming increasingly popular among 
medical institutions as it promotes innovation and enhances 
efficiency in complex adaptive healthcare systems. This method 
fosters sustainable innovations focused on clients and helps 
manage rapid personnel changes and resource redistribution 
efficiently, ensuring that medical teams can respond promptly 
to emerging challenges. These studies, which we considered 
as preliminary, provide not only examples of the presence of 
the mite in tumor tissues, but also show its influence on the 
histomorphological picture of the pathological process in 
some cases [8]. The application of Agile methodologies in our 
research allowed us to promptly identify and analyze these 
patterns, improving our overall efficiency and adaptability 
during the study [13,14]. 

A methodology has been devised to enable Agile redistribution 
of human resources within medical settings, employing a donor-
acceptor interaction approach and considering options for 
functional preservation when forming or reorganizing project 
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teams within the medical environment. This Agile resource 
redistribution method has been tailored for use in a multi-project 
medical environment, aiming to allocate resources effectively 
while adhering to principles of resilience, adaptability, and 
functional preservation. Implementing this method will enable 
the management of human resources to adapt to the dynamic 
nature of changes and requirements within medical facilities 
[13]. Specialists in dermatology, ophthalmology, pathology, 
laboratory diagnostics, oncology could be involved in 
diagnostics and management of the Demodex of eyelid tissue 
and Agile method directed to optimize their efforts.

In this work, we present new observations related to the 
participation of demodex in tumor morphogenesis with goal to 
study the example of eyelid papilloma, imagine the connection 
between the presence of the demodex mite and certain changes 
in the typical histomorphological picture of the neoplasm. 
Furthermore, we aim to illustrate how Agile methodologies can be 
applied to adaptively manage research processes and resources in 
the study of demodicosis and its effects on tumor pathology.
Materials and Methods.

Histomorphological examination covers biopsy and operative 
material of eye pathology for the last four years. Biopsy and 
operative material, including more than one and a half thousand 
eyelid tumors, was retrospectively reviewed. Among this array, 
50 neoplasms with a diagnosis of eyelid papilloma and actinic 
keratosis (senile keratosis, senile keratoma, solar keratosis) were 
selected, with special attention paid to the presence of horn cysts.

The material was processed according to the traditional 
histological method with the preparation of paraffin blocks. 
In each case, at least 8 serial histological sections stained 
with hematoxylin-eosin were examined. Agile methodologies 
were employed to manage the research workflow effectively. By 
utilizing iterative cycles and continuous feedback, our team was 
able to quickly adapt to new findings and adjust our focus as 
necessary [15,16]. This approach facilitated the efficient allocation 
of resources and personnel, ensuring that each stage of the research 
was conducted with optimal responsiveness to emerging data.

Results and discussion. As a result of the conducted 
histomorphological examination, in 24 cases (48%), patterns 
pathognomonic for demodectic infection were found, which we 
drew attention to in previous studies [8]. First of all, such patterns 
are cystic cavities, which are most often seen in direct contact with 
the skin appendages, especially the sebaceous glands. It is the 
destruction of the sebaceous glands that explains the appearance 
of these cysts; acute, chronic or granulomatous inflammation, 
in which cystic cavities are usually found; foci of calcification; 
fragments of a dead mite in the form of keratinous debris.

So, such patterns, which could indicate the presence of a 
demodex mite, were cystic formations, as well as fragments of 
a dead parasite. We noted their presence not only in the tumor 
tissue, but also in the adjacent hair follicles, sebaceous glands, 
and subepidermal stroma. It should be noted that, unlike cyst-
like formations, fragments of the parasite are found much less 
often. Thus, in our material, these fragments were in 18 cases 
out of 24, and, usually, as so-called keratin debris - shapeless 
pigmented particles in the stroma with a size of no more than 
2-5 microns. These scattered pigmented pits cannot be attributed 

as elements of the parasite without knowledge of other factors. 
It is no coincidence that the authors who previously noted 
the presence of pigmented elements in keratopapillomas or 
seborrheic keratomas could not explain their origin, resorting 
to putting forward such fantastic assumptions as the presence of 
"symbiosis of melanoblasts and epithelial cells, which ensures 
the transfer of pigment from the first to the second" [17]. Only 
viewing a large number of serial sections allows one to find, in 
most cases, next to the keratin debris, the structured fragments 
of the parasite, which are demonstrated below.

Fixing the presence of the demodex mite in keratopapillomas 
and seborrheic keratomas, we drew attention to two 
histomorphological patterns of these neoplasms: horn cysts 
and cellular polymorphism. The latter was considered by 
some authors as a sign of malignancy. However, taking into 
account the clinically proven benign nature of these tumors, 
most researchers associate the presence of these patterns 
with "irritation" of the tumor tissue or with a violation of 
differentiation. However, observing similar patterns in 
keratopapillomas and senile keratomas, we did not notice any 
connection between cellular polymorphism and atypia with the 
inflammatory component. However, in all cases where similar 
changes in the structure of these tumors occurred, we were able 
to see the presence of demodex.

At the same time, it should be taken into account that after 
the death of the tick, its almost complete destruction occurs 
within a few hours. This can be verified by leaving the native 
drug in normal conditions for only one day. Therefore, it is 
not surprising that in most cases only small fragments of the 
tick are found, which are doubtful in terms of its identification. 
Therefore, here we will illustrate those cases where structures 
are visible that can definitely be correlated with the parasite 
observed on the removed eyelash (Figures 1 and 2).

In those cases where there were no signs of the presence of 
demodex, the tumor retained a typical structure. This allows 
us to say that structural atypia in keratopapillomas and senile 

Figure 1. A partially preserved parasite with visible fragment of the 
main part of the tick among the parenchyma of a senile keratoma with 
atypia and cellular polymorphism. Staining with hematoxylin and 
eosin, magnification x200.
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keratomas may be caused not by their malignancy, but by 
the destructive effect of the demodex mite. In any case, such 
a conclusion is legitimate when, against the background of 
structural atypia, there are elements of a dead tick.

We have already noted a similar manifestation of the mite's 
destructive activity on the example of ball cell carcinomas. 
Thus, the presence of a mite in these tumors is accompanied 
not only by the formation of cavities in the tumor parenchyma, 
but also sometimes by complete discomplexation of solid 
complexes, which in some places resembles the picture of 
undifferentiated carcinoma and, as we have shown earlier, can 
represent a problem in making a diagnosis [8].

As for cysts, they are the main element associated with the vital 
activity of the tick and are most often observed in connection 
with the parenchyma of the sebaceous glands. However, and 
this is confirmed by our previous observations, the absorption of 
cellular elements of the sebaceous glands is not related to some 
mythical attraction of the mite to the lipids contained in these 
glands, but only to the availability of these structures.

Indeed, once on the surface of the skin, the mite cannot penetrate 
the cytoplasmic structures, other than along the hair shaft. On 
this path, only the sebaceous gland can become the only available 
cell array. At the same time, in the area of the eyelids, especially 
at the junction of the skin and nonkeratinized epithelium, in the 
presence of the conjunctival cavity, exceptionally favorable 
conditions for the mite to live are created.

Such conditions do not exist on the keratinized epidermis 
of the skin, which is much rougher than at the margin of the 
eyelids, and even more so in the area of the lacrimal meatus. 
This is the only place where the appendages of the skin are 
under a thin layer of non-keratinized epithelium, which itself 
can be a source of nutrition for the tick, as well as by penetrating 
the appendages.

Even wider possibilities of penetration to parenchymal cellular 
elements appear in the conditions of tumor growth, when the 
mite gets the opportunity to penetrate not only to the sebaceous 
glands, but also to the tumor parenchyma

Thus, based on previous observations, we turned to the analysis 
of the characteristic pattern of keratopapilla and senile keratos 
- horn cysts. As you know, cysts occur in acanthotic growths 
of the epidermis, both in deep layers and near the surface. 
Their appearance is explained by the ability of tumor cells 
to keratinize, as a result of which foci of hyperkeratinization 
appear, which gradually transform into horn cysts [17].

However, this explanation does not contradict only the 
statement about the ability of tumor cells to keratinize. A similar 
ability can be observed, for example, in basal cell and squamous 
cell carcinomas, but at the same time, horn cysts are not formed. 
T should also be noted, that based on topographic relationships 
(homeomorphism), keratinization centers cannot transform into 
such a cavity structure, which is represented by horn cysts. 
After all, in corneal cysts, the formation of the stratum corneum 
proceeds from the periphery to the center, which is accompanied 
by a certain stratification in the direction from spiny cells to 
keratinized cells.

In other words, the organizing factor may not be individual 
cells, but the surface, where the stratum corneum may arise 
as a result of successive differentiation of cells. The center of 
keratinizing cells can transform into pearls, horny masses, etc. 
This explanation of the mechanism of formation of horn cysts is 
confirmed by our observations (Figures 3-5).

So, we can prove literature data that Demodex folliculorum and 
Demodex brevis are ectoparasites that inhabit the skin of humans. 
They have been related to alterations in the ocular surface, such 
as, dysfunction of Meibomian glands, blepharitis, chalazion, 
etc. Ocular demodicosis is characterised by the pathognomonic 
presence of cylindrical dandruff at the base of the eyelashes, and 
various symptoms including, among others, itching, lacrimation, 
and hyperaemia [9]. Hyperkeratotic spicules are rare cutaneous 
lesions associated with underlying systemic illnesses. In more 
recent times, facial spinulate demodicosis has been suggested as 
an etiological factor. Demodicosis is a common dermatological 
condition characterized by the presence of Demodex mites in 
the pilocutaneous follicles [6]. Simultaneously, diagnostic 
difficulties of pathology with fasial localization are famous 

Figure 2. A clearly visible fragment of the main part of the tick. Cellular 
polymorphism and atypia in the parenchyma of keratopapilloma. 
Staining with hematoxylin and eosin, magnification x400.

Figure 3. The cyst is practically without signs of keratinization, not far 
visible fragments of the mite (arrow). Staining with hematoxylin and 
eosin, magnification x100.
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[18]. The pathogenetic mechanism by which Demodex mites 
influence tumor growth could be connected with constant tissue 
injury due to parasite presence, chronic inflammation with 
proliferation activation, and disturbed regenerative process. 

As we said above, application of Agile methodologies in our 
research allowed us to promptly identify and analyze these 
patterns, improving our overall efficiency and adaptability 
during the study. In wartime conflicts, epidemics, or pandemics, 
significant challenges arise, such as rapid reductions in medical 
personnel, quick changes in the specialization of medical 
workers considering local conditions, difficulties in accessing 
workplaces, and the formation of brigades considering 
medical personnel transportation capabilities. Integrating 
Agile methodologies into our research process demonstrated 
significant benefits in managing the dynamic aspects of 
studying demodicosis. This approach ensured effective resource 
allocation, rapid problem-solving, and the ability to swiftly adapt 
to new findings, ultimately enhancing the quality and efficiency 
of our histomorphological examinations. Implementing this 

method will enable the management of human resources to 
adapt to the dynamic nature of changes and requirements within 
medical facilities. To standardize and streamline management 
processes, an Agile resource redistribution process model 
(IDEF0) has been developed. A scenario-based approach 
has been proposed to ensure Agile resource redistribution, 
taking into account constraints, regulatory requirements, 
and organizational culture. Furthermore, an IDEF3 model of 
the resource redistribution process, based on scenario-based 
approaches, has been created. Agile transformation can address 
these challenges through strategic flexibility and organizational 
resilience with involvement of different medical staff [19] when 
morphological diagnosis is important [20,21]. That is especial 
important in skin pathology [22-26]. Adequate implementation 
of Agile methodology could implement classical [27] and new 
created methods [28,29] of investigation medical images and 
processes

Correct measures of demodex diagnostic require the expertise 
of dermatologists, ophthalmologists, clinical laboratorians, 
pathologists, and systems analysts in partnering with software-
engineering consultants to design and implement a solution. 
Concurrently, Agile software-building best practices could 
be formulated, which may be emulated for scalable and cost-
effective laboratory-authored measures in ophthalmological 
organizations [30].

The presented series shows how a cavity formed by a mite 
can turn into a horn cyst. We noted the presence of similar 
cysts, but without keratinization, in basal cell and squamous 
cell carcinomas, nevi, and xanthelasma. However, only in 
keratopapillomas and senile keratomas, where the tumor cells 
retain the differentiating potentials of the epidermis, the cavities 
formed by the tick can turn into horn cysts. The experience of 
pathomorphological studies in veterinary medicine is useful in 
studying the consequences of demodectic infection in humans. 
Knowledge of patterns pathognomonic for demodicosis 
allows one to pay attention to the role of demodicosis in the 
cytomorphosis of tumorous skin diseases. This is especially 
relevant for tumor pathology of the eyelids, where there are the 
most favorable conditions for the tick to exist, which ensures its 
constant presence in the majority of the adult population
Conclusion.

The detection of patterns associated with the presence of 
demodex in keratopapillomas and senile keratomas made it 
possible to show that the cause of cellular polymorphism and 
atypia, which are often found in these tumors and simulate 
malignancy, may be the vital activity of the demodex mite, 
which penetrates into the tumor parenchyma and causes 
destructive changes.

Histomorphological study of serial sections allows us to see 
the successive stages of transformation of cavity intratissue 
defects created by the activity of the mite into horn cysts. 
Cavity defects are the main evidence of demodectic infestation. 
They occur in basal cell and squamous cell carcinomas, 
xanthomas, sebaceous adenomas, etc. tumors of the eyelids, 
but only in keratoacanthomas and senile keratomas they can 
turn into corneal cysts, which can be assumed to be due to the 
differentiating potential of these neoplasms.

Figure 4. A cyst with initial signs of keratinization, fragments of a 
destroyed tick are visible nearby (arrow). Staining with hematoxylin 
and eosin, magnification x200.

Figure 5. Cyst with partial keratinization, fragments of a tick - keratin 
debris (arrows). Staining with hematoxylin and eosin, magnification 
x200.
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Integrating Agile methodologies into our research process 
demonstrated significant benefits in managing the dynamic 
aspects of studying demodicosis by different specialists. This 
approach ensured effective resource allocation, rapid problem-
solving, and the ability to swiftly adapt to new findings, ultimately 
enhancing the quality and final efficiency of histomorphological 
examinations.
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