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Abstract

Purpose: To assess the status of the immune system in pa-
tients with ocular demodicosis.

Methods: This study was conducted at the Immunology 
Laboratory and Clinical Diagnostics Laboratory of SI “The 
Filatov Institute of Eye Diseases and Tissue Therapy of the 
National Academy of Medical Sciences of Ukraine”. We ex-
amined 47 patients with chronic ocular demodicosis (mean 
age, 29.7 ± 17.4 years) who were treated at the Consultative 
Polyclinic of SI “The Filatov Institute of Eye Diseases and 
Tissue Therapy of the NAMS of Ukraine”. The control group 
included 20 healthy donors (mean age, 32.8 ± 15.2 years). 
Monoclonal antibodies (McABs) and fluorescence microsco-
py were used in immunohistochemistry studies. Spreadsheets 

and IBM SPSS Statistics (Demo) software were employed for 
statistical analysis.

Results: Patients with ocular demodicosis exhibited 
changes in immune system function, reductions in neutrophil 
phagocytic activity and the absolute count and percentage 
of CD3 and increases in the neutrophil-to-lymphocyte ratio 
and percentage of CD16. Treatment for ocular demodicosis 
should include not only anti-parasitic therapy, but also anti-
inflammatory therapy and immune correction.

Keywords: Demodex, blepharitis, inflammation, immunol-
ogy, CD3, CD16

Резюме

Метою дослідження було вивчення стану імунної сис-
теми організму у пацієнтів із офтальмодемодекозом.

Методи. Дослідження проведено в лабораторії іму-
нології та лабораторії клінічної діагностики ДУ «Інсти-
тут очних хвороб та тканинної терапії ім. В. П. Філа-
това НАМН України». Було обстежено 47 пацієнтів із 
офтальмодемодекозом (29,7±17,4 року), які проходили 
лікування в консультативній поліклініці ДУ «Інститут 
очних хвороб та тканинної терапії ім. В. П. Філатова 
НАМН України» та контрольна група з 20 здорових до-
норів (32,8±15,2 року). Дослідження проводили методом 
імуноцитохімії з використанням моноклональних анти-
тіл (МКАТ) та флуоресцентної мікроскопії. Статис-
тичний аналіз здійснювали в електронних таблицях із ви-
користанням програми IBM SPSS Statistics (Demo). 

Результати. У пацієнтів із офтальмодемодекозом 
спостерігалися зміни у функціюванні імунної системи: 
зниження абсолютної та відносної кількості СD3 та 
фагоцитарної активності нейтрофілів, підвищення рів-
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ня СD16 клітин-кілерів, збільшення показника співвідно-
шення нейтрофіли/лімфоцити. Лікування офтальмоде-
модекозу має включати, поряд із протипаразитарною 
терапією, також протизапальну терапію та імуноло-
гічну корекцію.

Ключові слова: Demodex, блефарит, запалення, імуно-
логія, CD3, CD16.

Introduction

Demodex blepharitis is a common disease of the 
eyelid, affecting approximately 25 million Americans [1]. 
It has long been accepted that the prevalence of Demodex 
increases with age, affecting more than 80% of those older 
than 60 years and 100% of those older than 70 years [2]. 
Demodex mites are present in all races and ethnicities; they 
contribute to blepharitis in several ways: direct mechanical 
damage, as a vector for bacteria, and by inducing 
hypersensitivity and inflammation. Demodex folliculorum 
can cause anterior blepharitis associated with disorders of 
eyelashes, and D. brevis can cause posterior blepharitis with 
meibomian gland dysfunction and keratoconjunctivitis [3]. 
There was a pronounced increase in the prevalence of D. 
brevis with increasing age, whereas the prevalence of D. 
folliculorum tended to remain more constant. Risk factors 
for Demodex blepharitis include not only chronic disorders 
(e.g., diabetes) [1], but also environmental changes and 
eyelid anatomy. Meibum and cosmetic deposits may be 
accumulated between the eyelashes, creating conditions 
for bacterial growth and propagation of Demodex species 
that cause and aggravate blepharitis. Among observational 
studies investigating the etiology of ocular Demodex 
in individuals with blepharitis, the reported prevalence 
ranged from 29% to 90% in symptomatic patients in a 
hospital setting [4]. Most authors in 2017-2021 reported 
that Demodex blepharitis accounts for more than 60% of 
patients with blepharitis [5].

Blepharitis is the most common symptom of ocular 
demodicosis. The affected follicle usually contains 2 to 8 
mites, but the number may be substantially higher. Ocular 
demodicosis is believed to be parasitological and allergic 
disease, with host sensibilization with Demodex mite 
byproducts being a key factor of the pathogenesis. Kin 
and colleagues [6] reported that, in patients with ocular 
demodicosis, tear concentrations of cytokines (interleukin 
(IL)-1β, IL-5, IL-7, IL-12, IL-13, and IL-17), granulocyte 
colony-stimulating factor and macrophage inflammatory 
protein-1β were substantially increased. They believe 
that believe that Demodex plays an aggravating role in 
inflammatory ocular surface disor¬ders because tear 
concentrations of IL- 1β and IL-17 significantly decreased 
after the eradication of Demodex in the patients. Infestation 
of Demodex mites induces change of tear cytokine levels, 
IL-17 especially, which cause inflammation of the lid 
margin and ocular surface [7].

Pyzia and colleagues [8] isolated Staphylococcus aureus, 
Acinetobacter baumannii, Streptococcus pneumoniae, 
Klebsiella oxytoca, and Bacillus spp. from the conjunctival 
sac only in patients infested with D. folliculorum. This 
indicates an increased probability of colonization by 
pathogenic bacteria in patients with demodicosis [8]. The 
composition of the bacterial community in the eyelashes 
of Demodex blepharitis patients differed from that in 
eyelashes of healthy volunteers, revealing a decrease in 
bacterial diversity in infested eyelashes [9].

Therefore, Demodex blepharitis is commonly 
misdiagnosed or underdiagnosed due to (1) overlap in 
symptoms with other ocular surface diseases and (2) a 
sluggish clinical course. This may cause inadequate and 
ineffective symptomatic treatment.

The purpose of this study was to assess the status of the 
immune system in patients with ocular demodicosis.

Methods

This study was conducted at the Immunology 
Laboratory and Clinical Diagnostics Laboratory of SI 
“The Filatov Institute of Eye Diseases and Tissue Therapy 
of the National Academy of Medical Sciences of Ukraine”. 
We examined 47 patients (age, 29.7 ± 17.4 years) with 
chronic ocular demodicosis who were treated at the 
Consultative Polyclinic of SI “The Filatov Institute of Eye 
Diseases and Tissue Therapy of the National Academy of 
Medical Sciences of Ukraine”. Other inclusion criteria 
were the absence of comorbidity or addiction. Blood 
samples were collected after the patient was found to be 
unresponsive to first-line treatment. No steroids, non-
steroidal antiinflammatory drugs, hypotensive mediators 
or immune suppressors were used in the first stage of 
treatment.

This study was approved by the Bioethics Committee 
(Approval number: 2; Approval Date: July 29, 2025), and 
followed ethical standards as outlined in the Declaration 
of Helsinki of the World Medical Association and the 
European Convention on Human Rights and Biomedicine, 
and relevant laws of Ukraine.

The control group included 20 healthy individuals of 
a similar age (32.8 ± 15.2 years) and was examined for 
immunological parameters. 

Demodex infestation was diagnosed by identification of 
the parasite at the root of the lashes with light microscopy. 
Lash sampling was performed by epilating the lashes (at 
least 4 lashes from each eyelid). The collected lash was 
placed on a microscopic slide, 1-2 drops of distilled water 
were added, and the slide was covered with a cover slip. 
The epilated lashes were examined under a microscope. 
The number of Demodex mites observed and the number 
of lashes epilated were recorded and mite density was 
calculated as the number of mites per lash. Patients with 
confirmed presence of Demodex had comprehensive 
immunological investigations.
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A 4-5-ml sample of fasting heparinized blood was 
obtained from the cubital vein with a disposable vacuum 
system, and twice diluted with 0.9% NaCl. Monoclonal 
antibodies (McABs) and fluorescence microscopy were 
used for immunological investigations [10]. 

Fluorescein isothioocyanate (FITC)-conjugated 
McABs manufactured by the Kavetsky Institute of 
Experimental pathology, Oncology and Radiobiology 
(Kyiv, Ukraine) were used. Major immune system 
parameters, absolute counts and percentages of CD3 (T 
cells), CD4 (T helper/inducer cells), CD8 (T suppressor/
cytotoxic cells), CD16 (Natural Killer cells) and CD19 (B 
lymphocytes) were examined.

A summary of the method procedure is as follows. 
First, peripheral blood mononuclear cells from whole 
blood are separated through density gradient centrifugation 
using Ficoll separating solution (Simesta, Odesa, Ukraine) 
with density of 1.076 g/cm3  and washed twice by 
centrifugation to obtain lymphocyte suspension. Second, 
smears are prepared and fixed with formalin vapor, a drop 
of the specific McAB is placed on the smear, and smears 
are incubated with specific FITC-conjugated McABs for 
three hours. Finally, smears are washed and examined 
under a fluorescence microscope (iSCOPE, Euromex, 
Arnhem, The Netherlands).

Additionally, granulocyte phagocytic activity was 
assessed. A summary of the method procedure is as 
follows. First, the granulocyte suspension is prepared using 
a Ficoll density gradient centrifugation technique (Ficoll 
separating solution with density of 1.119 g/cm3 from 
Simesta), and cells are washed twice by centrifugation. 
Second, washed neutrophils are resuspended and diluted 
with physiological saline to a concentration of 2-4*106 
cell/µL. Third, 0.05 mL of neureophil suspension and 
0.05 mL of 0.1% suspension of latex beads (Simko Ltd, 
Lviv, Ukraine) is added to a plate well, centrifuged at 200 
g for 5 min and incubated at +4оC for 30 min. Fourth, 
smears are prepared and fixed with ethanol. Finally, the 
percentage of cells that engulfed at least one latex bead 
is determined using a fluorescence microscope (iSCOPE, 
Euromex, Arnhem, The Netherlands) at an objective lens 
magnification of x80 and eyepiece magnification of x15.

The neutrophil to lymphocyte ratio (NLR) reflects the 
activity of systemic inflammation and immune response 
and was calculated as a ratio of neutrophil cell count 
percentage and lymphocyte cell count percentage.

Spreadsheets and IBM SPSS Statistics software were 
employed for statistical analysis. The Shapiro-Wilks 
test was used to check for normality. Mean and standard 
deviation (SD) were calculated for quantitative data. 
Student t-test was used to assess differences in normally 
distributed continuous variables between groups. P values 
≤ 0.05 were considered significant.

Results

Absolute cell count and percentage for the CD3 T 
cell subset in the peripheral blood of patients with ocular 
demodicosis were 734.2 ± 33.4 cell/µL and 53.3 ± 4.8%, 
respectively (Fig. 1), and were statistically significantly 
lower compared to healthy controls (1167 ± 86.1 cell/µL 
and 62.5 ± 3.2%, respectively; p < 0.01).

Absolute cell count and percentage for granulocyte 
phagocytic activity in the peripheral blood of patients 
with ocular demodicosis were 685.7 ± 61.4 cell/µL and 
42.8 ± 4.1%, respectively (Fig. 2), and were statistically 
significantly lower compared to healthy controls (1732.2 
± 125.3 cell/µL and 65.4 ± 6.3%, respectively; p < 0.01).

The percentage for the CD16 natural killer (NK) subset 
in the peripheral blood of patients with ocular demodicosis 
was 22.3 ± 1.8% (Fig. 3), and was statistically significantly 
higher compared to healthy controls (14.3 ± 1.5%, 
respectively; p < 0.01).

Fig. 1. Mean ± standard deviation values for the percentage 
of CD3 (T-cells) in healthy controls (n = 20) and patients with 
ocular demodicosis (n = 47). Note: * - p<0.01.

Fig. 2. Mean ± standard deviation values for the percentage 
of neutrophil phafocytic activity in healthy controls (n = 20) 
and patients with ocular demodicosis (n = 47). Note: * - 
p<0.01.
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NLR was statistically larger in patients with ocular 
demodicosis than in controls (2.3 ± 0.07 (Fig. 4) versus 
1.9 ± 0.05, p < 0.05).

Discussion

Our immunological studies demonstrated marked 
T-cell immune deficiency (a reduction in the absolute cell 
count and percentage for the CD3 T cell subset) in patients 
with ocular demodicosis. It is likely that T-cell immune 
deficiency is a factor of susceptibility to mite infestation. 
Additionally, in patients with ocular demodicosis, we 
observed a reduction in the percentage of granulocyte 
phagocytic activity and an increase in the percentage 
of CD16 NK cells that may infiltrate the palpebral 
conjunctival epithelium.

Functional cooperation among lymphocytes and 
neutrophils can substantially impact the status of the 
immune system and systemic immune reactivity. Recently, 
there has been an increase in studies on NLR, a new 
hematological parameter of systemic in-flammation and 
stress which reflects the activity of systemic non-specific 
inflamma-tion and immune response and may be an 
important prognostic factor for the dis-ease. An increase 
in neutrophil count with a decrease in lymphocyte count 
is believed to be a sign of infection progression [11]. To 
the best of our knowledge, no study has reported on the 
NLR in patients with ocular demodicosis. Of note, in 
our patients, the percentage of neutrophil granulocytes 
in the peripheral blood was within the normal range, but 
the phagocytic activity of these cells was low. Therefore, 
decreased phagocytic activity of neutrophil granulocytes 
is an unfavorable prognostic sign in Demodex infestation, 
with the reduction in the capacity of neutrophils for rapidly 
in-creasing secretion of cytotoxic components leading the 
activation of these cells in the focus of inflammation. In 
order to compensate for cytotoxic product deficiency, the 
immune system of a patient with demodicosis increases 
the percentage of CD16 NK cells that also have cytotoxic 
properties. This is confirmed by the fact that the per-centage 

of CD16 NK cells in patients with chronic Demodex 
blepharitis was statisti-cally significantly higher than 
in healthy controls (Fig. 3). Clinical research confirmed 
the sensitivity of NLR for diagnosis/stratification of 
systemic infection, sepsis, bacte-remia as well as its 
robust predictive and prognostic value [12]. NLR reflects 
online dynamic relationship between innate (neutrophils) 
and adaptive cellular immune re-sponse (lymphocytes) 
during illness and various pathological states. NLR should 
be investigated daily, and follow-up its absolute values 
and dynamic course in acute dis-ease or critical illness. 
Altunisik and colleagues [13] aimed to evaluate complete 
blood count parameters and NLR in rosaceous patients with 
and without demodex mite and to compare with healthy 
controls. The lower red cell distribution width (RDW) 
levels in the demodex (+) group suggested that demodex 
mite did not have an increasing effect on inflammation and 
was effective in the disease through alternative pathways.

Local immunity of the conjunctiva plays an important 
role in ocular inflammatory disorders. Additionally, in 
ocular inflammation, local antibody synthesis takes place 
in the lacrimal gland, and a certain degree of transudation 
of serum antibodies to tears is also often encountered, 
especially in severely inflamed eyes [15]. Puchkovska 
and colleagues [16] investigated local immunity in ocular 
inflammation and found an increase in antibody titers, a 
positive relationship of tear and serum antibody levels, 
increased immunoglobulin (Ig)M and decreased IgA 
levels. Tear levels of IL-7, IL-12, and IL-17 were increased 
significantly in the Demodex blepharitis group compared 
to the Demodex-free blepharitis group [7].

It should be noted that the tear levels of local and 
cellular immunity parameters in patients with Demodex 
blepharoconjunctivitis reflect an active inflammatory 
process. Others reported that patients with Demodex 
blepharitis showed increased tear levels of IgG, IgM, 
IL-17, IL-7, and IL-12, and decreased tear levels of IgA. 
Our patients, however, showed reduced levels of cellular 
immunity and neutrophil phagocytic activity.

Fig. 3. Mean ± standard deviation values for the percentage 
of CD16 (natural killer cells) in healthy controls (n = 20) and 
patients with ocular demodicosis (n = 47). Note: * - p<0.01.

Fig. 4. Mean ± standard deviation values for neutrophil-to-
lymphocyte ratio in healthy controls (n = 20) and patients with 
ocular demodicosis (n = 47). Note: * - p<0.01.
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Therefore, immunological abnormalities in patients 
with ocular demodicosis contribute to disease progression, 
and local treatment fails to prevent complications. 
Elimination of parasites is practically impossible after 
parasitic infestation of deep epidermal and dermal 
layers in complicated disease. Demodex mite fragments 
were found by histomorphological examination of 
biopsy specimens from patients suspected for eyelid 
tumors. Normally, almost complete mite destruction 
occurs within 2-3 hours after the death of a mite. If this 
process is disrupted, a proliferative process is triggered 
[17]. Studies at the Pathomorphology Laboratory of 
the institute found Demodex species in several types of 
eyelid and conjunctival tumors and tumor-like processes; 
this expands our understanding of the role of Demodex 
infection in blepharitis. Taken together, the above allows 
us to consider post-demodecosis pathomorphosis as a 
stand-alone problem of ocular pathology [17, 18]. The 
chemical mediators secreted by Demodex spread over the 
cornea as the eyelids rub them during blinking and cause 
inflammation in either the superior or inferior part of the 
cornea [19], which is very difficult to treat. Although 
Demodex blepharitis is one of the commonest eye 
disorders, it is still a problem due to prolonged treatment 
course (30-45 days), insufficient efficacy of therapy and 
frequent relapses [20, 21]. Adjunctive immunotherapy 
may substantially improve the efficacy of treatment for 
demodicosis.

In conclusion, it should be noted that patients with 
ocular demodicosis exhibit some changes in immune 
system function, reductions in the absolute count and 
percentage of CD3 and neutrophil phagocytic activity, 
and increases in the NLR and the percentage of CD16. 
Treatment for ocular demodicosis should include not only 
anti-parasitic therapy, but also anti-inflammatory therapy 
and immune correction.
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