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Abstract: The article presented our reviews on methodological advances in the diagnosis of demodecosis via our own
research on demodecosis diagnosis efficiency with the aid of fluorescence lifetime measurement using confocal laser
scanning microscopy. Under our supervision, there were 60 patients with acne and rosacea complicated with de-
modecosis, 60 patients with acne and rosacea without demodecosis, and 30 healthy volunteers. All patients underwent
skin scraping and epilation of eyebrows and/or eyelashes, and the examination of skin morphology was conducted
using confocal laser scanning microscopy. The research has shown the advantages of in vivo confocal laser scanning

microscopy over the conventional microscope.
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Introduction

Demodecosis is a skin disease caused by a group of par-
asitic and opportunistic mites from the group of acariasis
known as Demodicidae (Demodex folliculorum longus
and Demodex folliculorum brevis). The mites with the
size of 0.2-0.5 mm live in sebaceous and meibomian
glands, which are in the hair follicles of humans and
mammals. According to various sources, the incidence of
demodecosis is from 2% to 5% and is ranked at the sev-
enth place in terms of frequency among skin diseases. In
terms of the structure of acneiform dermatoses, 10.5%
are classified as demodecosis.

Despite the fact that mites on human skin are part of
skin microflora, they do not cause any clinical symptoms
and complaints in the vast majority of people; however,
they maintain the acuity of the inflammatory process in
dermatoses such as acne, rosacea, seborrheic dermatitis
and perioral dermatitis, which may also cause distinct
diseases™. In the presence of Demodex, clinical mani-

festation may acquire a more pronounced characteriza-
tion with the prevalence of papulopustules elements,
diffusive erythema, formative stages of granulomas,
nodular elements and macro-abscessest). In 1903, St-
cherbatchoff N found mites in ciliary follicles of eyelids
of a person, in which, these mites play a vital role in the
development of blepharitis and blepharoconjunctivitis, as
cited by Whiting DA, Interestingly, different types of
mites cause different clinical manisfestations, which pre-
sumably are connected to the size of the mites them-
selves. Detection of both Demodex folliculorum longus
and Demodex folliculorum brevis often observed ery-
thema and desquamation of epithelium, and symmetric
papulopustules elements, respectively™). Long-term chro-
nic demodecosis is characterized by skin thickening, a
feeling of constriction, decreased elasticity and softness,
and presence of serous or saniopurulent crustst®.
According to the International Classification of Dis-
eases, 10th Revision, demodecosis can be attributed un-
der code B88.0, i.e., in the subgroup of “other acariasis”
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including demodecosis acarodermatitis, which is a type
of dermatitis caused by Dermanyssus gallinae, etc. By all
means, the diagnosis of demodecosis is possible only
after the establishment of laboratory diagnostics which
find mites of the genus Demodex.

The most common method of laboratory diagnostics
is based on the preparation of acarogram by counting
larvae, nymphs, eggs and mites in adult stage. The crite-
rion of mites activity is that the number of mites must be
more than 5, with larvae or eggs on 1 cm?of the infected
area. In the diagnosis of demodecosis of the eyelashes,
the detection of a mite on 2—4 eyelashes is considered as
normal. In order to evaluate the effectiveness of the
therapy, repeated acarogram is carried out for the pur-
pose of counting the number of mites and determining
their activity. The activity of mite infestation can be
measured through changes in the number of mites per 1
cm’ of the infected area. It is known that the course of
treatment of demodecosis can move into the untreated
zones Vvia acaricide means. In such cases, more often than
not, the mites are located at the edge of the scalp™!.

Technically, the procedure of mite detection is quite
simple. Demodex is possibly detected by scraping during
the extraction of ducts’ contents of sebaceous glands,
or by removing the eyelashes and/or eyebrows without
damaging the hair follicles. Skin scraping is conduct-
ed by means of disposable scalpel at places where the
greatest congestion of Demodex reside (forehead, wings
of nose, and chin). The tested material is placed on a
glass slide with a 10% alkaline solution (KOH), covered
with a glass slide and examined under the microscope at
low magnification. The advantage of this method is its
ability to analyze large affected areas, as well as remov-
ing mites not only from the surface of the skin but also
directly from the sebaceous glands. However, there is a
problem: it is not always possible to detect mites deeper
in the sebaceous glands. Another disadvantage is the
epithelium trauma, which is associated with the relative
painfulness of the procedure and the discomfort in pa-
tients after epilation®. It should be noted that infor-
mation on scraping method is less abundant, and
negative analysis result of laboratory research does not
prove the absence of mite infestations!..

There are other ways of detecting mites, such as car-
rying out surface biopsy (“scotch tape test”)>%. A drop
of cyanoacrylate adhesive (BF-6, sulfacrylate) is placed
on an oil-free cover glass, and then pasted onto the af-
fected surface for 1 min. After its removal from the af-
fected surface, the alkaline solution is applied, covered
with a glass slide and examined under the microscope at
low magnification. The modification of the procedure is
in the use of scotch tape, with the size of 1 cm?, adhered

onto the cover glass on the alkaline solution after its re-
moval. Upon removing the cover glass or adhesive tape,
the surface layer of the epidermis and the contents of
sebaceous glands with the existing mites remain on the
surface. The advantage of the method is its ease of
use, but skin epithelium trauma, difficulty in obtaining
material from the nose wings, and incomplete sterility of
the obtained samples are clear disadvantages!!.

A more difficult method of demodecosis diagnosis is
carrying out a skin biopsy with subsequent histology of
the received samples. For this purpose, a small skin area
is obtained either by puncture (punch) or excisional
(scalpel) method, fixed within a day in 10% neutral for-
malin solution, compacted with paraffin and stained with
hematoxylin-eosin. Histological study provides many
advantages; in particular, it is possible to fully see the
sebaceous glands and surrounding areas. The main dis-
advantages of this method include skin trauma with the
formation of scar and the inability to examine a large
area of the skin'.

As a diagnostic tool to identify Demodex, Segal R et
al. proposed the use of dermatoscope. The dermoscopy
method allows the visualization of mites on skin surface
and enlarged skin vessels. However, in this case, there is
less information as it is impossible to detect the mites at
in-situ localization in the sebaceous glands and in the
presence of nodular elements, as well as in macro-ab-
scesses!’. Despite the fact that the “gold standard” for
the pathomorphological evaluation of normal and affect-
ed skin in dermatology is still a biopsy followed by his-
tological study, there is always a demand in the applied
medicine field for informative, high-tech and
non-invasive diagnostic methods, which include confocal
laser scanning microscopy'®.

Marvin Minski in 1957 patented “scanning micro-
scope with two-stage focus” (termed “confocal”, based
on having the same foci). In common fluorescence mi-
croscope, the mercury or xenon lamp is used as the light
source for fluorescence emission; however, in modern
confocal microscope, it uses laser. The laser in confocal
microscopy was used by P. Davidovich for the first time
in 1969. As a source of light in modern confocal micro-
scopes, laser is used for a more accurate work of the op-
tical system of the microscope due to reduced number of
reflections in the images, thus providing better focus of
the beam of light. A focused laser beam illuminates a
certain point of the skin®.. Due to the specific arrange-
ment of the microscope, the back focus of the condenser
—where “confocal” aperture of photo-detector is estab-
lished—coincides with the front focus of lens and thus
obtains images from a very thin layer of an object coined
as “optical sections”. The work of confocal microscope
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is based mainly on the ability of various structures of the
skin to refract the laser light to obtain images of the epi-
dermis and dermis layers™, and to evaluate the state of
the vessels of the skin and dermal fibers!™!l. In vivo con-
focal laser scanning microscopy is a new method of
studying skin structure through micrograph images that
are in the form of white, grey and black shades. Micro-
graph images of melanocytes and keratinocytes look
bright and white, respectively, whereas air and serous
fluid look black™?. Confocal laser scanning microscopy
allows the determination of skin thickness and the visu-
alization of different layers of the skin. Thus, the method
provides additional information concerning composition
and structure of the skin'*®l. In ophthalmology; it is pos-
sible to visualize changes in meibomian glands in the
form of extension or obstruction, the presence of in-
flammatory infiltrates and the detection of Demodex
mites™™. The method of confocal laser scanning micros-
copy can be compared to histological research of the skin
with the advantage that this research is carried out
non-invasively™. According to various sources, the sen-
sitivity of the method is 83%-91%, while the specificity
is 95%-999%>71,

The use of confocal laser scanning microscopy in vivo
in dermatology is considered one of the most prospective
methods today, in spite of the fact that it has several dis-
advantages (obtaining relatively superficial images up to
200 microns which limits the possibility of research of
deeper skin layers, absence of the possibility of obtaining
vertical images, high cost of the equipment and its opera-
tion and, consequently, the inaccessibility to a larger
number of dermatologists)™*®!.

In comparison to conventional light microscopy, the
advantages of confocal laser scanning microscopy
method are, for instance, due to its high-contrast images
with high resolution, three-dimensional reconstruction,
and digital data processing™*'".. One of the advantages
of this method is its ability to detect and quantify Demo-
dex folliculorum on the face of patients with rosacea and
acne by counting the mites and follicles per unit area.
Sattler EC et al. examined the skin of patients with
rosacea and described the presence of Demodex in the
form of round or long cone-shaped structures™!. Kojima
T et al. demonstrated the use of confocal laser scanning
microscopy for the diagnosis of eye affected with De-
modex®”. The authors were able to detect mites in the
terminal of eyelash bulbs, causing inflammatory infil-
trates around the meibomian glands and conjunctiva.

Thus, confocal laser scanning microscopy is consid-
ered as a non-invasive and rapid method for detecting
mites of the genus Demodex based on scientific findings

in literatures®. Considering the relevance of this subject
as discussed above, we have conducted an examination
on healthy volunteers and patients suffering with acne
and rosacea through confocal laser scanning microscopy
in vivo means. The aim of the research is to assess the
impact of Demodex via clinical manifestation of acne
and rosacea, and to compare the efficiency of demodeco-
sis diagnosis in patients with acne and rosacea by various
methods.

Materials and methods

Under our supervision, there were 60 patients suffering
from acne and rosacea complicated with demodecosis
(group 1), 60 patients suffering from acne and rosacea
without demodecosis (group 1) and 30 healthy volun-
teers (group I11). Diagnosis of acne and rosacea was es-
tablished based on clinical manifestation of the diseases.

Statistical analysis was performed using SPSS 21
software package. The relationship between categorical
indicators was established with the use of Fisher's exact
test. Fisher's exact test is a test reflecting statistical sig-
nificance, used in the analysis of categorical data when
sample sizes are small. In order to assess the significance
differences in the size of the follicles, both the one-way
analysis of variance (ANOVA test) and paired compari-
sons analysis was used. In order to assess the degree of
acne’s severity, the classification of the American
Academy of Dermatology was followed as below:

I degree-the presence of comedones (opened and
closed) and up to 10 papules;

11 degree—comedones, papules, up to 5 pustules;

111 degree—comedones, papulopustules rash, up to 5
nodules;

IV degree—pronounced inflammatory reaction in the
deeper layer of the dermis, with the formation of multi-
ple painful nodules and cysts.

The symptoms of rosacea’s severity were assessed
through its clinical and morphological classifications:

erythematous;

papular;

pustules;

infiltrative-productive.

All respondents were examined for the presence of
Demodex by scraping the contents of sebaceous glands,
epilation of eyebrows and eyelashes. Using confocal
laser scanning microscope VivaScope 1500® (Lucid Inc.,
Rochester, NY), the research was conducted at three
points of interest (both cheeks and forehead).

Distribution of the groups in terms of age, gender and
diagnosis are presented in Table 1 44 men and 106
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women, with the mean age of 29.6 + 10.3 years old, par-
ticipated in the study. Criteria of patients’ inclusion in

the follicles was carried out, during which, the average
size of follicles and Demodex mites were determined in

group | and Il are: patients had been diagnosed with acne
and rosacea existence, age 18 years and above, and gave
informed consent before their participation in the study.
Exclusion criteria from the study were namely the exist-
ence of concurrent somatic diseases of a heavy current or
neoplastic character, alcohol or drug addiction, patient’s
lack of desire to continue with the study, occurrence of
allergic reactions, development of significant side effects
during treatment, and pregnancy and lactation. Criteria
for inclusion in group I1I: age 18 years and above, with
absence of any skin and somatic diseases of a heavy cur-
rent or neoplastic character.

Table 1. Distribution of groups by age, gender and diagnosis

Group Group Group

| I I Total
Age 337+ 283+  269% 296+
(years) 13.0 12.0 6.03 10.3
24 14 6
male o) (23w)  (0w)
Gender % 6 )
4 4
female (60%) (77%) (80%) 106
40 34
] 74
o ey (57%)
Diagnosis
20 26
] 46
rosacea (33%) (43%)
60 60 30
Total (100%)  (100%)  (100%) 20

The presence of mites was confirmed by scraping the
contents of sebaceous glands, epilation of eyebrows and
eyelashes. Scraping was conducted using a sterile lancet
at places with greatest congestion of sebaceous glands,
which are located on the face — forehead, nose, chin and
cheeks. The received material was placed on a glass slide,
with a drop of 10% KOH solution (potassium hydroxide)
applied onto it and then viewed under a microscope. The
number of mites per 1 cm? were counted. The diagnosis
of demodecosis was considered valid if the contamina-
tion of mites on the skin was more than 5 mites on 1 cm?,
or if there are more than 4 mites on the eyelashes. During
microscopy evaluation, mites from the genus Demodex,
i.e., Demodex folliculorum longus and Demodex follicu-
lorum brevis, were found.

A research using confocal laser scanning microscope
VivaScope 1500® (Lucid Inc., Rochester, NY) was car-
ried out at three points (both cheeks and forehead) in two
operating modes of a microscope, i.e., VivaBlock and
VivaStack. The patients’ skin was visualized in the form
of 5 x 5 mm size, with laser power of 21.7 mW. By
means of confocal microscopy, quantification of mites in

depth. For statistical analysis, the Fischer’s exact test and
the one-way ANOVA test were used.

Results

Clinical characteristics of patients are presented in Table
2 and Table 3. As can be seen in both tables, Demodex
was detected more frequently in patients with rosacea
than in patients with acne. During analysis, it was found
that patients with demodecosis (group 1) were dominated
with heavier clinical forms of acne and rosacea. This
group was marked with 11l and IV degrees of acne, with
papular and pustules forms of rosacea in most cases, and
with two patients diagnosed with infiltrative-productive
form of rosacea. On the other hand, in group Il the su-
perficial forms of the disease revealed | and Il degrees of
acne with the existence of erythematous form of rosacea.
It gives the grounds to assume that the existence of de-
modecosis complicates the course of acne and rosacea,
thereby promoting the development of inflammatory
elements. The prevalence of severe forms of acne and
rosacea in patients with concomitant diagnosis of de-
modecosis confirms the need for microscopic diagnosis
of Demodex in patients with acne and rosacea.

Table 2. Distribution of patients with acne depending on the
presence of mites and disease severity

Disease severity Presence of Demodex mites

(degree) yes no Tz

Frequency 6 2 8

I % severity 75.0% 25.0% 100.0%

% complication 17.6% 5.0% 10.8%
Frequency 17 4 21

1 % severity 81.0% 19.0% 100.0%

% complication 50.0% 10.0% 28.4%
Frequency 11 22 33

1 % severity 33.3% 66.7% 100.0%

% complication 32.4% 55.0% 44.6%
Frequency 0 12 12

v % severity 0.0% 100.0% 100.0%

% complication 0.0% 30.0% 16.2%
Frequency 34 40 74

Total % severity 45.9% 54.1% 100.0%

% complication 100.0% 100.0% 100.0%

As can be seen in Table 2, Demodex is detected in pa-
tients with acne who had more severe forms of the dis-
ease in most cases (the significance difference of Fisher's
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Table 3. Distribution of patients with rosacea depending on the
presence of mites and disease severity

Presence of

Type of disease Demodex mites Total
yes no
Frequency 18 4 22
Erythematous- o, < erity 81.8% 182%  100.0%
telangiectatic
% complication 69.2% 20.0% 47.8%
Frequency 6 10 16
Papules % severity 37.5% 62.5% 100.0%
% complication 23.1% 50.0% 34.8%
Frequency 2 4 6
Pustules % severity 33.3% 66.7% 100.0%
% complication 7.7% 20.0% 13.0%
Frequency 0 2 2
Infiltrative- o, oo erity 00%  1000%  100.0%
productive
% complication 0.0% 10.0% 4.3%
Frequency 26 20 46
Total % severity 56.5% 43.5% 100.0%
% complication 100.0% 100.0% 100.0%

exact test was p = 0.001). Depending on the types
ofrosacea, the incidence of mites of the genus Demodex
is statistically significant. As shown in Table 3, mites
were detected in severe forms of rosacea: papular, pus-
tules and infiltrative-productive (the significance differ-
ence of Fisher's exact test was p = 0.004).

In determining the species of Demodex, it was re-
vealed that patients with acne bore different species of
Demodex which can also be in the combination of two
types of mites. In over half of the cases (N = 33; 82.5%)
Demodex folliculorum longus was identified, 10% (N =
4) had Demodex folliculorum brevis while both species
of mites were found in 7.5% (N = 3) (Table 4). In most
cases, patients with rosacea revealed the existence of
Demodex folliculorum longus (N = 14; 70%) (Table 5).

In situations where more severe forms of acne were
found, the presence of Demodex folliculorum longus was
often detected significantly (the significance of Fisher's
exact test was p = 0.004). As can be seen in Table 5, the
mite species were significantly dependent on the clinical
form of the disease, which had not been revealed previ-
ously (the significance difference of Fisher's exact test
was p = 0.354). However, by analyzing the data in Table
4 and Table 5, it is apparent that the mites Demodex fol
liculorum longus were more often detected in patients

Table 4. Species of Demodex mites in patients with acne depending on the severity of the disease (group I)

Demodex species

Disease severity (degree)

Demodex folliculo- Demodex folliculorum

Demodex folliculorum longus Total
+

RS LR Demodex folliculorum  brevis

Frequency 1 0 1 2

| % severity 50.0% 0.0% 50.0% 100.0%
% species 25.0% 0.0% 33.3% 5.0%

Frequency 2 1 1 4
1 % severity 50.0% 25.0% 25.0% 100.0%
% species 50.0% 3.0% 33.3% 10.0%

Frequency 1 20 1 22
11 % severity 4.5% 90.9% 4.5% 100.0%
% species 25.0% 60.6% 33.3% 55.0%

Frequency 0 12 0 12
v % severity 0.0% 100.0% 0.0% 100.0%
% species 0.0% 36.4% 0.0% 30.0%

Frequency 4 33 3 40
Total % severity 10.0% 82.5% 7.5% 100.0%
% species 100.0% 100.0% 100.0% 100.0%

doi: 10.18282/jsd.v1.i1.42
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Table 5. Species of Demodex mites in patients with rosacea depending on the clinical form (group 1)

Demodex species

Clinical form of the disease Demodex folliculorum  Demodex folliculorum  Demodex folliculorum longus + Total
brevis longus Demodex folliculorum brevis
Frequency 2 1 1 4
Erythematous 0 - 0 o o o
form % severity 50.0% 25.0% 25.0% 100.0%
% species 50.0% 7.1% 50.0% 20.0%
Frequency 2 7 1 10
Papules form % severity 20.0% 70.0% 10.0% 100.0%
% species 50.0% 50.0% 50.0% 50.0%
Frequency 0 4 0 4
Pustules form % severity 0.0% 100.0% 0.0% 100.0%
% species 0.0% 28.6% 0.0% 20.0%
Frequency 0 2 0 2
Infiltrative- 0 ] o 0 o o
productive form % severity 0.0% 100.0% 0.0% 100.0%
% species 0.0% 14.3% 0.0% 10.0%
Frequency 4 14 2 20
Total % severity 20.0% 70.0% 10.0% 100.0%
% species 100.0% 100.0% 100.0% 100.0%

with acne of Ill and IV degrees and with papular and
pustules forms of rosacea. Therefore, we can assume that
it is Demodex folliculorum longus that provokes more
severe clinical forms of acne.

In order to assess the reliability of the method using
confocal microscopy, the survey was conducted in all
three groups. The obtained data are presented in Table 6
and shows not only high information content of the

method, but also its superiority over the microscopic
diagnosis. As can be seen in the table, the mites were
found in all patients with demodecosis using the confocal
laser scanning microscopy. Demodex was defined as
rounded or long cone-shaped formations in hair follicle
orifices and sebaceous glands (Figure 1).

During the inspection on patients from group Ill, the
mites were successfully identified in 10 patients (13%),

Figure 1. Images obtained using confocal laser scanning microscope VivaScope 1500% (Lucid Inc., Rochester, NY). Hair follicles
and sebaceous glands with the presence (left) and absence (right) of Demodex mites
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Table 6. Identification of Demodex mites with different diagnostic methods

Identification of Group | Group 11 Group Il Total
Demodex folliculorum (number (number of (number of (number of
of patients; %) patients; %) patients; %) patients; %)
Demodex folliculorum 47 - - 47
longus detected (62%) (62%)
Demodex folliculorum 8 _ B 8
brevis detected (10.5%) (10.5%)
Two types of 5 - - 5
mites detected (6.5%) (6.5%)
Detected with confocal 60 10 6 76
laser scanning microscope (79%) (13%) (8%) (100%)
60 10 6 76
Total
(79%) (13%) (8%) (100%)

of whom the method of scraping has shown negative
result (Table 6). The study from healthy volunteers of
group Il found Demodex mites in follicles of 6 people
(8%) by using the method of confocal laser scanning
microscopy. These data confirmed the assumptions of
numerous authors that mites can be saprophytest®. Thus,
the study proves to be a highly informative method, as it
allows the discovery of mites especially in depths inac-
cessible for scarification.

By using confocal laser scanning microscope to scan
different layers of the skin, we established an average de-
tection depth of mites which equals to approximately
46.63 microns, and corresponds to the level of the gra-
nular layer of the epidermis. This method allowed the
calculation of the average number of Demodex in the
follicle (N = 3.37) and the average size of Demodex

Table 7. Sizes of hair follicle orifices in the studied groups

(which is equal to 0.024 microns). Interesting data were
obtained at the size measurement of follicle orifices. It
was established that the sizes of follicle orifices in all
three groups were authentically different (Table 7 and
Table 8).

The differences in sizes of hair follicle orifices and
excretory ducts of sebaceous glands in group | were
found to be statistically significant, exceeding the sizes
in groups Il and I1l. When comparing the sizes of hair
follicle orifices and excretory ducts of sebaceous glands
of groups Il and 111, the differences were not statistically
significant. The largest size of the orifices was found in
patients with demodecosis. This fact makes it possible to
assume that a large pore size is a favorable condition for
infestation of the mites.

Sizes of hair follicular orifices and excretory ducts of sebaceous glands (Mean + sd)

Group |
0.125+25x 0.123 + 35

Group 1l
0.89 +£32 x 0.095 + 31

Group 111
0.065 + 23 x 0.072 + 29

Table 8. Size differences of hair follicle orifices and excretory ducts of sebaceous glands among groups

Size differences of hair follicle orifices and excretory ducts of sebaceous glands

Group land Il Group I and I11 Group Il and 111
0.012 x 0.017 0.007 x 0.009 0.11 x 0.29
Discussion course of the diseases, and thus promoting the develop-

The study demonstrated that demodecosis is often diag-
nosed in patients with severe clinical forms of acne and
rosacea. This fact suggests that the mites complicate the

ment of inflammatory elements. This once again con-
firms that in order to achieve effective treatment on these
dermatoses, there is a need for diagnostic advancement
for Demodex mites.

doi: 10.18282/jsd.v1.i1.42
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In the analysis, the mites’ species were found to be
significantly dependent on the clinical form of the dis-
ease; however, the Demodex folliculorum longus mites
were more often detected in patients with acne of Il and
IV degrees and with papular and pustular rosacea. Thus,
we can assume that Demodex folliculorum longus pro-
vokes more severe clinical forms of acne.

The obtained data proved to have high informational
content of confocal microscopy in view of its diagnostic
advantages on demodecosis and its superiority over light
microscope. Confocal laser scanning microscope makes
it possible to visualize mites that are both found in the
deeper layers of the skin and inaccessible to scarification.
This method has a high potential to be a diagnostic
means for demodecosis, which makes it possible to scan
various layers of the skin that allows the determination of
the depth of mite detection (=46.63 microns), number of
mites and also their size. The lack of epithelium trauma
and painful procedures are other additional advantages of
this method.

Conclusion

Thus, as a result of research on patients with acne,
rosacea and healthy volunteers, we established high in-
formational content of confocal laser scanning micros-
copy in the diagnosis of demodecosis and its advantages
over the usual light microscope.
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