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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.
Introduction: Onychomycosis is a fungal infection of the nail, 

causing discoloration and thickening of the affected nail plate, 
and is the most common nail infection worldwide. Microscopy 
and fungal culture are the gold standard techniques for 
onychomycosis diagnosis. At the same time, the culture method 
is long-term and requires significant costs. In this regard, a 
promising direction in laboratory diagnostics of onychomycosis 
is the detection of genetic markers of onychomycosis pathogens 
using polymerase chain reaction. The goal of current work is 
optimization of diagnostic care for patients with onychomycosis 
through the use of PCR, epiluminescent diagnostics and 
therapeutic agents that improve the structure of nail plates.

Material and methods: The work is based on the results of 
observations of 343 patients with fungal lesions of the nails 
of the hands and feet, which were on inpatient and outpatient 
treatment, as well as data from laboratory and instrumental 
studies. Mycological examination of patients included 
microscopic examination of pathological material (pieces of 
nail fragments) and cultural study. PCR was performed using 
a reagent kit with primers to determine the presence of DNA 
specific to Trichophyton rubrum and PCR with panfungal 
primers. Epiluminescence surface microscopy of affected nail 
plates was performed.

Results: After calculations using standard methods, it was 
determined that the sensitivity for PCR is 91.9%, for microscopy 
– 75.9%, for culture – only 44.3%. The specificity for PCR is 
71.4%, for microscopy – 83.3%, for culture – 100.0%. The 
diagnostic accuracy rate for PCR was 90.3%, for microscopy – 
76.3%, and for culture – 47.3%. The higher the sensitivity of the 
method, the more often pathological changes are detected with 
their help, and accordingly, the more effective it is. The excess 
of PCR sensitivity rates compared to microscopy by 16.0% 
and culture by 47.6% and the high specificity rate (71.4%) 
indicate the possibility of increasing the detection of patients 
with onychomycosis through the use of the molecular method 
of research.

Conclusions: The proposed algorithm for managing 
patients and a comprehensive method of treating patients with 
onychomycosis, involving both antifungal agents and drugs, 
contributes to obtaining a timely diagnosis and prescribing 
therapy aimed at improving the structure of the nail plates.

Key words. Onychomycosis, diagnostic management.
Introduction.

Human fungal infections are widely observed not only as 
opportunistic in patients with AIDS [1-3], they are a historically 
neglected area of disease research, yet they cause more than 

1.5 million deaths every year [4]. Onychomycosis is a fungal 
infection of the nail, causing discoloration and thickening of 
the affected nail plate, and is the most common nail infection 
worldwide [5]. Microscopy and fungal culture are the gold 
standard techniques for onychomycosis diagnosis, but high 
false-negative rates have pushed for more accurate methods, 
such as histology and polymerase chain reaction (PCR) [5]. 
At the same time, the culture method is long-term and requires 
significant costs. In this regard, a promising direction in 
laboratory diagnostics of onychomycosis is the detection of 
genetic markers of onychomycosis pathogens using polymerase 
chain reaction, which will allow in a short time (within 24 
hours) to obtain a highly specific result, the sensitivity of which 
is expected to be about 90-98%.

The use of molecular genetic methods for detecting pathogens 
of mycoses using specific primers will expand the possibilities 
for diagnosing onychomycosis in complex cases and thereby 
prescribe adequate antifungal therapy earlier, reduce the severity 
of the lesion, the development of complications, and accelerate 
the recovery process [6].

Other diagnostically important direction connected with 
morphological visualisation of variable pathological processes 
[7-13] but is not always possible to track morphological 
changes in the nail plates during visual examination of patients. 
Therefore, at the present stage, it is necessary to involve 
hardware research methods (dermatoscopy) to identify the 
first early characteristic signs and structural changes in the 
nail plates affected by the mycelium to assess the severity of 
onychomycosis and prescribe timely adequate therapy. Rapid 
regrowth of the nail plates accelerates mycological elimination 
and improves the clinical effectiveness of complex therapy, 
reduces the risk of side effects and reactions due to prolonged 
antifungal therapy [14]. Therefore, the development and use 
of complex methods of treatment of onychomycosis with the 
involvement of both antifungal drugs and pathogenetic agents 
that improve the regrowth and structure of the nail plates is 
relevant in modern dermatology.

The goal of our work is optimization of diagnostic care 
for patients with onychomycosis through the use of PCR, 
epiluminescent diagnostics and therapeutic agents that improve 
the structure of nail plates.
Materials and Methods.

The work is based on the results of observations of 343 patients 
with fungal lesions of the nails of the hands and feet, which 
were on inpatient and outpatient treatment, as well as data from 
laboratory and instrumental studies. Mycological examination 
of patients included microscopic examination of pathological 
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material (pieces of nail fragments) and cultural study. PCR 
was performed using a reagent kit with primers to determine 
the presence of DNA specific to Trichophyton rubrum and PCR 
with panfungal primers.

Epiluminescence surface microscopy of affected nail plates 
were performed using a Dermlite II Pro HR dermatoscope (USA) 
and an Omnivision video dermatoscope (Korea). Dermatoscopy 
photographs were taken using a Sony α-58 digital camera, 
which was connected to the dermatoscope with an adapter ring 
and a Sony photo adapter.

Statistical processing of the obtained results, as well as their 
graphic display were carried out using the standard Microsoft 
Excel 2007 application package on a personal computer. In 
the case of normal distribution, the parametric Student-Fisher 
method was used. The obtained values of the arithmetic mean 
(M), the standard deviation (δ), the error of determining the 
arithmetic mean (m), determined the level of reliability of the 
differences (p) of the group means, which were compared using 
the Student test (t). In the case of non-normal distribution of the 
results, the non-parametric method (Mann-Whitney U-test) was 
used.
Results.

To develop a method for dermatoscopic examination of nail 
plates and determine the main clinical signs of fungal nail 
plate lesions, 160 people were examined and epiluminescent 
nail plate studies were performed. Of these, 138 patients 
with onychomycosis (diagnosis confirmed by microscopic 
examination and PCR): 79 (57.2%) women and 59 (42.8%) 
men, 32 people without clinical signs of nail plate mycelium 
lesions and negative microscopy and PCR results, of which 18 
(56.3%) women and 14 men (43.7%). In the course of the study, 
a total of 2583 dermatoscopic images of nail plates were taken, 
of which 1943 images of nail plates affected by mycelium and 
640 images of nails without fungal infection were analysed. 
Using the developed method of examining the nail plates, out 
of 138 patients, 35 patients (25.4%) showed only the initial 
manifestations of the introduction of a fungal infection into 
the nail plate, 10 patients (7.2%) showed signs of total lesion 
with matrix involvement, 38 (27.5%) showed signs of total 
lesion without matrix involvement, and 55 (39.9%) patients 
accounted for the majority with distal-lateral lesions. Particular 
attention was paid to patients with mycoses of the hands and 
feet, rubromycosis of smooth skin, since they are mostly at 
risk of spreading mycotic infection from the skin to the nail 
plates. Therefore, using dermatoscopy, 13 patients in this group 
received confirmation of the first changes in the nails, which 
remained unnoticed by doctors during visual examination of the 
nail plates, when the microscopic examination was still negative. 
Analysis of the obtained dermatoscopic images allowed to 
highlight the main dermatoscopic signs of a healthy nail plate, 
to determine the expected places of occurrence of pathological 
changes and to organize the main changes of the nail plates that 
are often found. The nail plate without any pathological changes 
has a pale pink or pale beige color, a flat, smooth, shiny surface 
without longitudinal or transverse striations, the presence of a 
free edge of the nail plates, a thickness of 1.0 to 1.5 mm in an adult 
on the hands and from 1.2 to 2.5 mm on the feet, preservation of 

its structure and density. Dermatoscopic examination of the nail 
plates allowed to highlight the main pathological changes of the 
nails, which can be divided into changes in the structure of the 
nail plates due to mechanical or chemical trauma; changes in 
the structure of the nail plates due to the presence of chronic 
dermatoses (psoriasis, lichen planus, eczema, scleroderma, 
etc.); changes in the structure of the nail plates when affected 
by a mycotic infection; changes in the color of the nail plate 
(congenital pigmentation disorders, bacterial infection); 
the appearance of formations of melanocytic genesis (nevi, 
melanoma); the appearance of formations of non-melanocytic 
genesis, which include warts, pyogenic granuloma, myxoid 
pseudocyst; vascular changes in the form of hemorrhages and 
changes in the vessels of the nail beds; changes in the nail plates 
due to acute somatic diseases.

Analysis of the results of standard methods for diagnosing 
onychomycosis (nail plate microscopy, culture) and the 
complexity of the developed PCR analysis using specific and 
panfungal primers was carried out in the study of 196 patients, 
of whom 166 complained of nail plate lesions and 30 patients 
without complaints of nail lesions and clinical manifestations of 
onychomycosis and with a negative microscopy result. Among 
the examined patients, there were 86 (43.9%) men and 110 
(56.1%) women aged 23 to 79 years, the average age was 51.0± 
0.7 years.

According to the results of microscopic studies of 166 patients, 
positive results were obtained in 67, which is 40.4%, the results 
of cultural sowing were even lower: 39 positive results were 
obtained, which is 23.5% of those examined. When studying 
30 samples of nail plates of healthy individuals using standard 
research methods, negative results were obtained.

Using the PCR test specific for T. rubrum and the PCR test 
with panfungal primers, 166 patients with nail pathology were 
examined. The PCR result was positive in 81 patients, which is 
48.8%. That is, PCR increases the detection of onychomycosis by 
8.4% compared to single microscopy and by 25.3% compared to 
single culture, regardless of the type of fungus isolated. Analysis of 
the etiological structure of onychomycoses, carried out using PCR 
diagnostics and culture, showed a significant percentage similarity 
of both methods in identifying pathogens and the predominance of 
dermatophytes, especially T. rubrum among all detected pathogens 
(75.3% with PCR and 64.1% - by culture).

After calculations using standard methods, it was determined 
that the sensitivity for PCR is 91.9%, for microscopy – 75.9%, 
for culture – only 44.3%. The specificity for PCR is 71.4%, 
for microscopy – 83.3%, for culture – 100.0%. The diagnostic 
accuracy rate for PCR was 90.3%, for microscopy – 76.3%, and 
for culture – 47.3%. The higher the sensitivity of the method, 
the more often pathological changes are detected with its 
help, and accordingly, the more effective it is. The excess of 
PCR sensitivity rates compared to microscopy by 16.0% and 
culture by 47.6% and the high specificity rate (71.4%) indicate 
the possibility of increasing the detection of patients with 
onychomycosis through the use of the molecular method of 
research. Analysis of these data allowed us to propose a new 
algorithm for laboratory verification of onychomycosis. The 
proposed scheme of the new algorithm for the diagnosis of 
onychomycosis is shown in Figure 1.



131

Discussion.
Onychomycosis is the most prevalent nail disease, representing 

nearly half of all clinically diagnosed onychopathies. Given the 
pervasive nature of the disease and that successful treatment 
depends on the proper identification of the causative organism, 
accurate and reliable methods of diagnosis are necessary [14]. 
The diagnosis of onychomycosis can be done easily for first 
point of view. One common method is to send a nail clipping to a 
laboratory for a pathologist to examine with a microscope where 
they can see the fungi within the nail. Another common method 
to diagnose onychomycosis is with a fungal culture. This is done 
by lightly scraping material from under the nail and sending it 
to a laboratory. It is a good idea to have testing done to make 
sure that the diagnosis is correct, because other nail problems 
can look similar to onychomycosis [15]. Nondermatophyte 
onychomycosis account for 2% to 12% of all nail fungal 
infections and can be caused by a wide range of fungi, mainly 
Scopulariopsis brevicaulis, Aspergillus versicolor, A. flavus, 
A. niger, A. fumigatus, Fusarium solani, F. oxysporum and 
Scytalidium spp. Among the predisposing factors are footwear, 
hyperhidrosis, local trauma, peripheral circulatory disease, and 
immunosuppression [16]. So, confirmation of fungal origin of 
onychopathy by mycological examination is essential [17].

The proposed algorithm allows you to diagnose onychomycosis, 
its etiology, and begin specific treatment within 24 hours.

A positive result of microscopy and a positive result of PCR 
specific for T. rubrum within 24 hours confirms the diagnosis of 
dermatophyte onychomycosis and becomes a recommendation 
for the appointment of therapy specific for dermatophytes 
(terbinafine).

A positive result of microscopy, a negative result of PCR 
specific for T. rubrum, and a positive result of PCR with 
panfungal primers confirms the diagnosis of onychomycosis 
and may be a recommendation for the appointment of systemic 
therapy with a broad-spectrum drug (itraconazole).

A negative result of microscopy and PCR specific for T. 
rubrum and a positive result of PCR with panfungal primers 
confirms the diagnosis of onychomycosis and can serve as a 
recommendation for the appointment of systemic therapy 
with a broad-spectrum drug (itraconazole). Negative results of 
microscopy and PCR analysis within 24 hours allow to exclude 
the diagnosis of onychomycosis of any etiology. Therefore, the 
new algorithm for laboratory diagnosis of onychomycosis using 
PCR provides the following: PCR can be performed as a method 
of laboratory diagnosis of onychomycosis of any etiology; PCR 
can be performed as a method of diagnosis of dermatophyte 
onychomycosis, allowing to establish or exclude this diagnosis 
in nail pathology within 24 hours; it is optimal to perform PCR 
simultaneously with microscopy, while the need for culture can 
be excluded.

Figure 1. New algorithm for laboratory diagnosis of onychomycosis.
Note: *) re-examination is necessary; **) it is advisable to use terbinafine for treatment; ***) to clarify the nature of the pathogen, a culture study 
may be performed; in therapy, it is necessary to use broad-spectrum drugs (itraconazole).
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The success of treating patients with onychomycosis is due not 
only to the effectiveness of eliminating the pathogen, but also to 
the speed of regrowth of the nail plate and the normalization of 
its structure. Therefore, it was considered appropriate to include 
a drug containing biotin in the therapeutic complex, which 
improves the structure of the nail plate and increases the speed 
of its growth.

The assessment of the effectiveness of treatment should be 
carried out on the basis of the results of clinical studies, the 
dynamics of nail plate regrowth and the results of mycological 
studies. Clinical evaluation of the method includes the assessment 
of complaints, the dynamics of objective manifestations of the 
disease. Mycological effectiveness consisted in the elimination 
of fungi.

In addition to assessing the subjective signs and symptoms 
of the acute inflammatory process, it is necessary to assess 
objective changes in the nail plates before the start of treatment 
and during therapy using epiluminescent diagnostics. It 
is necessary to pay attention to the most common clinical 
manifestations of onychomycosis (hyperkeratosis, onycholysis, 
nail discoloration, surface deformation, atrophic changes and 
the presence of tunnels-cavities in the thickness of the nail 
plate); due to their presence, it is easy to assess the severity of 
onychomycosis and investigate the presence of clinical changes 
in the structure of the affected nail plates.

Our results could be compared with other research were 
diagnosis of onychomycosis was histology was detected as the 
most sensitive single test for the diagnosis of onychomycosis, 
although its sensitivity (80.8%) but was not statistically 
different from smear (76.5%) [18]. Both histology and smear 
were significantly more sensitive than culture (53.2%). The 
most sensitive combination of tests, smear plus histology, was 
97.8% sensitive with 98% negative predictive value [18].

In other work meta-analysis of the utility of culture, biopsy, and 
direct KOH examination for the diagnosis of onychomycosis was 
performed [19] to evaluate the diagnostic validity, performance, 
and accuracy of culture, nail clipping with Periodic Acid-
Schiff (PAS)-staining (biopsy), and direct potassium hydroxide 
(KOH) examination for the study of onychomycosis and 
detected that values are lower for KOH and culture and higher 
for biopsy in moderate quality studies [19]. Periodic Acid-
Schiff (PAS)-staining relates to classical methods [20,21] that 
a commonly used ancillary test for inflammatory and infectious 
dermatoses, yet infrequently changes the diagnosis [22,23]. 
Current appropriate use criteria from the American Society of 
Dermatopathology supports PAS staining when histopathologic 
features could be consistent with a dermatophyte infection [22] 
when other methodologies are limited. 

So, despite the technical advantages of the traditionally 
used tests for the detection of the causative agents, none can 
be considered as a standard test alone from the viewpoint of 
their diagnostic utility for onychomycosis [24,25] as for other 
diseases connected with contamination. Therefore, several 
criteria are typically used for diagnostic validity studies because 
their simultaneous use can increase the sensitivity and specificity 
as we suggest in current work.

Conclusion.
The proposed algorithm for managing patients and a 

comprehensive method of treating patients with onychomycosis, 
involving both antifungal agents and drugs, contributes to 
obtaining a timely diagnosis and prescribing therapy aimed at 
improving the structure of the nail plates.
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