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The aim of this study was to evaluate the effectiveness
of treatment of onychomycosis of the feet in HIV-infected
patients depending on the effectiveness of antiretroviral
therapy (ART).

Patients and methods. 96 HIV-infected patients with
onychomycosis of the feet were under observation.

The diagnosis of HIV infection was established
according to the International Classification of Diseases of
the 10th revision (ICD-10) and verified by the detection of
specific serological and molecular biological markers of HIV.
The number of CD4*-lymphocytes and viral load (copies/
ml) were recorded in all patients.

Considering the effectiveness of ART, HIV-infected
patients with onychomycosis of the feet were divided into
four groups. Group I included patients with virological and
immunological ART success; to the Il group — patients with
a decrease in viral load without an increase in the number
of CD4*-lymphocytes or with an increase in the level of
CD4*>500 cells/ul without a decrease in viral load; to the
Il group — patients with an immunological response, but
without a decrease in the viral load; to IV group — persons
with virological and immunological failures of ART. Thus,
30 people were under observation in the 1st group; in the
Il group — 20; in the Il group — 11; in the IV group — 35
patients.

From the systemic antifungal therapy, HIV-infected
patients of the | group received terbinafine 250 mg per day
for 12 weeks. Patients of the Il group received itraconazole
200 mg 2 times a day according to the scheme of pulse
therapy on the 1st, 5th and 9th weeks of treatment. In groups
111-1V, patients were prescribed fluconazole at a dose of 150
mg once a week for 6 months.

The results. On the 6th month of observation, the
effectiveness of antifungal therapy for onychomycosis of
the feet in patients with virological and immunological
successes of antiretroviral therapy was significantly higher

than in patients with virological and immunological failures
of antiretroviral therapy (p<0.01).

At the 12th month of observation, the mycological,
clinical and full effectiveness of antifungal therapy for
onychomycosis of the feet was statistically significantly
higher in the case of virological and immunological success
of antiretroviral treatment, compared to the group of patients
in whom such a result of etiotropic therapy of HIV infection
could not be achieved (p<0.01).

Conclusions. Evaluation of the effectiveness of
antifungal therapy for onychomycosis of the feet in HIV-
infected patients in groups formed depending on the
effectiveness of antiretroviral treatment showed the best
results in the group with a successful option of using
antiretroviral drugs and the worst in the group with a
negative result of such treatment. In representatives of the
group with a lack of positive dynamics of one of the
indicators (viral load or the number of CD4*-lymphocytes),
the combined therapy of onychomycosis of the feet showed
intermediate results.

Keywords: HIV infection; mycoses of the skin and its
applications; antiretroviral therapy.

Cutaneous mycoses and mycoses of skin appendages
remain a relevant global health problem, primarily due to
the tendency toward worldwide spread involving various
age groups of the population. Mycoses occupy leading
positions in the structure of dermatoses of different origins,
second only to pyodermas in prevalence. The current
situation is mainly associated with an increase in the number
of patients with secondary immunodeficiency states, which
develop under the influence of physical and chemical factors
(ionizing radiation, immunosuppressive therapy,
chemotherapy), modern lifestyle conditions (physical
inactivity), nutritional disorders, autoimmune diseases,
malignant neoplasms, defects of neurohumoral regulation
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(stress), intoxications, infectious diseases, as well as natural
physiological processes occurring in the human body
(advanced age, pregnancy) [1].

In the context of HIV infection, mycoses represent a
major cause of morbidity and mortality [2, 3]. In most cases,
fungal infections in HIV-infected patients manifest as
dermatomycoses [4, 5]. At the AIDS stage, mycoses of the
skin and its appendages are observed in 46—80 % of cases
[6, 7].

Timely diagnosis and treatment of cutaneous mycoses
in HIV-infected patients are of critical importance, as failure
to eliminate the pathogen leads not only to its further
dissemination but also to the development of fungal
sensitization, toxic-allergic reactions, and impairment of
local immune defenses. In addition, this contributes to the
development of mixed infectious skin lesions due to
activation of opportunistic microflora [8, 9].

The diversity of nosological forms of mycoses of the
skin and its appendages in HIV-infected patients necessitates
further in-depth investigation of each individual form, with
determination of their etiological and clinical characteristics.
In the era of widespread use of antiretroviral therapy (ART),
it is particularly relevant to assess its impact on the
etiological and clinical features of various nosological forms
of cutaneous mycoses and mycoses of skin appendages
in HIV-infected patients.

The aim of the study was to evaluate the effectiveness
of treatment of onychomycosis of the feet in HIV-infected
patients depending on the effectiveness of antiretroviral
therapy (ART).

Patients and Methods

A total of 96 HIV-infected patients with onychomycosis of
the feet were enrolled in the study. The patients were aged 23
to 59 years (mean age 40.6+2.1 years), including 54 men and
42 women.

The diagnosis of HIV infection was established in
accordance with the International Classification of Diseases,
10th Revision (ICD-10), and confirmed by the detection of
specific serological and molecular biological markers of HIV.
For preliminary HIV diagnosis, immunochemical and enzyme-
linked immunosorbent assay (ELISA) test systems were used
to detect antigen—antibody complexes in blood serum. In all
patients, CD4+ T-lymphocyte counts and plasma HIV viral load
(copies/mL) were measured.

Depending on the effectiveness of ART, HIV-infected
patients with onychomycosis of the feet were stratified into four
groups. Group | included patients with both virological and
immunological success of ART. Group |l comprised patients
with a decrease in viral load without a concomitant increase in
CD4+ T-lymphocyte count, or an increase in CD4+ T-lymphocyte
count (>500 cells/uL) without a decrease in viral load.
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Group Il included patients with an immunological response in
the absence of virological suppression. Group 1V consisted of
patients with both virological and immunological failure of ART.
Accordingly, Group | included 30 patients, Group Il —
20 patients, Group Ill — 11 patients, and Group IV —
35 patients.

Etiotropic antifungal therapy consisted of systemic and
topical antimycotic agents combined with instrumental nail
debridement. Based on published data demonstrating the high
efficacy, safety, and accessibility of combination therapy for
onychomycosis [10-12], all 96 HIV-infected patients received
combined systemic (terbinafine, itraconazole, or fluconazole)
and topical antifungal treatment.

When selecting a systemic antifungal agent, primary
consideration was given to the type of causative pathogen;
therefore, different antifungal drugs were preferred across the
four groups formed according to ART effectiveness. In Group
I, in which only dermatophytes were isolated, terbinafine was
prescribed as systemic therapy at a dose of 250 mg once daily
for 12 weeks. In Group Il, where yeasts (Candida spp.)
predominated, and less frequently non-dermatophyte
filamentous fungi, dermatophytes, and mixed infections were
identified, patients received itraconazole at a dose of 200 mg
twice daily using a pulse-therapy regimen during weeks 1, 5,
and 9 of treatment. In Groups Il and IV, where non-
dermatophyte filamentous fungi predominated, with yeasts
(Candida spp.) and mixed infections detected less frequently,
fluconazole was administered at a dose of 150 mg once weekly
for 6 months.

Topical treatment methods included application of a nail
lacquer (5 % amorolfine) once weekly to the affected nail plate
until complete nail regrowth, as well as instrumental nail
debridement performed prior to initiation of therapy and
subsequently at intervals of once every 6 weeks.

Statistical analysis was performed using Pearson’s x2 test,
Fisher’s exact test, and Student’s t-test. Data processing was
carried out using Microsoft Windows, Word, and Excel, as well
asSTATISTICA software, version 6.1.

Results and Discussion

The etiological agents of onychomycosis of the feet
differed among the study groups. In Group I, onychomycosis
was caused exclusively by dermatophytes. In Group Il,
dermatophytes, yeasts, non-dermatophyte filamentous
fungi, and mixed infections were identified, with a
predominance of yeasts. In Group Ill, dermatophytes,
yeasts, non-dermatophyte filamentous fungi, and mixed
infections were also detected, with mixed infections being
the dominant form. In Group IV, yeasts, non-dermatophyte
filamentous fungi, and mixed infections were identified, with
a predominance of non-dermatophyte filamentous fungi
(Table 1).
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Table 1

Characteristics of onychomycosis of the feet in the study groups (etiological spectrum and clinical forms)

Indicator

Group | (n=30)

Group Il (n=20)

Group Il (n=11)

Group IV (n=35)

Clinical forms of
onychomycosis

DLSO (n=28)
WSO (n=2)
PSO (n=0)
TDO (n=0)

DLSO (n=6)
WSO (n=4)
PSO (n=9)
TDO (n=1)

DLSO (n=4)
WSO (n=1)
PSO (n=5)
TDO (n=1)

DLSO (n=2)
WSO (n=0)
PSO (n=1)

TDO (n=32)

Etiological agents
of onychomycosis

Dermatophytes (n=28)
Yeasts (n=0)
Non-dermatophyte
filamentous fungi (n=0)
Mixed infection (n=0)

Dermatophytes (n=1)
Yeasts (n=14)
Non-dermatophyte
filamentous fungi
(n=26)

Mixed infection (n=0)

Dermatophytes (n=2)
Yeasts (n=3)
Non-dermatophyte
filamentous fungi (n=1)
Mixed infection (n=5)

Dermatophytes (n=0)
Yeasts (n=2)
Non-dermatophyte
filamentous fungi
(n=25)

Mixed infection (n=8)

Note: DLSO - distal lateral subungual onychomycosis; WSO — white superficial onychomycosis; PSO — proximal subungual

onychomycosis; TDO — Total dystrophic onychomycosis.

Onychomycosis of the feet in the study groups was
represented by the following clinical forms: In Group |, distal
lateral subungual onychomycosis and white superficial
onychomycosis were observed, with a marked predominance
of the former. In Groups Il and IlI, distal lateral subungual,
white superficial, proximal subungual, and total dystrophic
onychomycosis were identified. Proximal subungual
onychomycosis predominated in Group Il, whereas total
dystrophic onychomycosis was the dominant form in Group
lll. In Group 1V, total dystrophic onychomycosis was most
commonly diagnosed, while distal lateral subungual and
proximal subungual onychomycosis were detected only in
isolated cases.

As part of systemic antifungal therapy, HIV-infected
patients in Group | received terbinafine at a dose of 250 mg
once daily for 12 weeks. Patients in Group Il were treated
with itraconazole at a dose of 200 mg twice daily according
to a pulse-therapy regimen during weeks 1, 5, and 9 of
treatment. In Groups Il and 1V, patients were prescribed
fluconazole at a dose of 150 mg once weekly for 6 months.

Terbinafine is an allylamine antifungal agent with a
broad spectrum of activity against fungal infections of the
skin, hair, and nails caused by dermatophytes such as
Trichophyton (e.g., T. rubrum, T. mentagrophytes, T.
verrucosum, T. tonsurans, T. violaceum), Microsporum (e.g.,
Microsporum canis), Epidermophyton floccosum, as well
as yeasts of the genus Candida (e.g., Candida albicans)
and Pityrosporum. At low concentrations, terbinafine
exhibits fungicidal activity against dermatophytes, molds,
and certain dimorphic fungi. Its activity against yeasts may
be either fungicidal or fungistatic, depending on the species.

Terbinafine specifically interferes with an early stage
of sterol biosynthesis in the fungal cell. This results in
ergosterol deficiency and intracellular accumulation of
squalene, leading to fungal cell death. The mechanism of

action of terbinafine is mediated through inhibition of the
enzyme squalene epoxidase in the fungal cell membrane.
When administered orally, the drug accumulates in the
skin at concentrations sufficient to exert a fungicidal effect
[13].

Itraconazole is a synthetic antifungal agent belonging
to the triazole class. It has a broad spectrum of activity,
mediated by disruption of ergosterol synthesis, a key
component of fungal cell membranes, through inhibition of
lanosterol 14a-demethylase, a cytochrome P450-dependent
enzyme. It is active against dermatophytes (Trichophyton
spp., Microsporum spp., Epidermophyton floccosum),
yeasts including Candida spp. (e.g., C. albicans, C. glabrata,
C. krusei), molds (Cryptococcus neoformans, Aspergillus
spp., Histoplasma spp., Paracoccidioides brasiliensis,
Sporothrix schenckii, Fonsecaea spp., Cladosporium,
Blastomyces dermatitidis), and several other microorganisms
[14].

Fluconazole is another triazole antifungal agent with
potent activity against fungi, specifically inhibiting fungal
sterol synthesis. Its mechanism targets fungal cytochrome
P450-dependent enzymes. Fluconazole is active against
various Candida spp. strains (including those causing
systemic candidiasis), Cryptococcus neoformans (including
central nervous system infections), and Microsporum spp.
Itis also effective against pathogens of endemic mycoses,
including Blastomyces dermatitidis, Coccidioides immitis
(including CNS infections), and Histoplasma capsulatum
[15].

The effectiveness of antifungal therapy was assessed
through clinical examination and mycological evaluation at
6 and 12 months after initiation of treatment. Mycological
cure of onychomycosis of the feet was defined as negative
results on both microscopy and culture. Clinical cure
corresponded to the appearance of healthy nails. Complete
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cure was defined as achieving both mycological and clinical
cure.

At the 6-month follow-up, treatment outcomes in HIV-
infected patients were as follows: in Group |, mycological
cure was achieved in 22 patients (73.3+8.1 %), and clinical
and complete cure in 20 patients (66.7+8.6 %); in Group Il,
mycological cure was observed in 12 patients (60.0+11.0 %),
and clinical and complete cure in 10 patients (50.0+11.2 %);
in Group Ill, mycological cure was recorded in 6 patients
(54.5£15.0 %), clinical cure in 5 patients (45.0£15.0 %),
and complete cure in 4 patients (36.4+14.5 %); in Group
IV, mycological cure was achieved in 13 patients
(37.1£8.2 %), and clinical and complete cure in 11 patients
(31.4+7.8 %).

Importantly, the efficacy of antifungal therapy for
onychomycosis of the feet was significantly higher in
patients with both virological and immunological success
of ART compared to those with virological and immunological
failure (p<0.01, Table 2)

At the 12-month follow-up, the following outcomes of
antifungal therapy were observed in HIV-infected patients.
In Group |, mycological cure was achieved in 23 patients
(76.7£7.7 %), while clinical and complete cure were
observed in 21 patients (70.0+£8.4 %). In Group II,
mycological cure was diagnosed in 13 patients (65.0+10.7 %),

and clinical and complete cure in 11 patients (55.0£11.1 %).
In Group Ill, mycological cure was recorded in 7 patients
(63.6£14.5 %), clinical cure in 6 patients (54.5£15.0 %),
and complete treatment effectiveness in 5 patients
(45.5£15.0 %). In Group IV, mycological eradication was
achieved in 15 patients (42.918.4 %), while clinical and
complete cure were observed in 12 patients (34.3+8.0 %).
Statistical analysis demonstrated a significant dependence
of treatment effectiveness for onychomycosis of the feet in
HIV-infected patients on ART outcomes (Table 2).
Specifically, mycological, clinical, and complete effectiveness
of antifungal therapy was significantly higher in patients with
virological and immunological success of antiretroviral
treatment compared with those in whom such outcomes of
etiological HIV therapy were not achieved (p<0.01, Table 3).

We demonstrated that even in the presence of an
undetectable viral load, the clinical presentation of
onychomycosis in HIV-infected patients differs significantly
from that observed in seronegative individuals. According
to some authors, more than 30% of patients with HIV
infection develop onychomycosis at CD4+ T-lymphocyte
counts of approximately 500 cells/mm3 [16]. In HIV-infected
patients, impaired cell-mediated immune responses
facilitate local fungal invasion; therefore, lesions may be
atypical, extensive, and more severe compared with those

Table 2

Effectiveness of antifungal therapy for onychomycosis of the feet in different groups of HIV-infected patients
at the 6-month follow-up

Group
Treatment _ _ _ — Pearson’s x2?
effectiveness I (n=30) Il (n=20) I (n=11) IV (n=35) test (p<0.05)
n M%+m% n M%+m% n M%+m% n M%+m%
Mycological cure 22 73.3+8.1* 12 60.0+11.0 6 54.5+15.0 13 37.1+8.2 | x?=6.907; df=2
Clinical cure 20 66.7+8.6* 10 50.0+11.2 5 45.5+15.0 11 31.4+7.8 | x?=6.434; df=2
Complete cure 20 66.7+8.6* 10 50.0+11.2 4 36.4+14.5 11 31.4+7.8 | x?=7.598; df=2
Note — difference is statistically significant compared with Group IV (p<0.01)
Table 3

Effectiveness of antifungal therapy for onychomycosis of the feet in different groups of HIV-infected patients
at the 12-month follow-up

Group
e;éiiggﬁg;s I (=30) Il (n=20) Il (n=11) IV (n=35) tpe i?r(;‘;%soé;
n M%+m% n M%+m% n M%+m% n M%+m%
Mycological cure | 23 | 76.747.7¢ | 13 | 65.0+10.7 | 7 | 63.6+145 | 15 | 42.9t+84 |y?=6.907; df=2
Clinical cure 21 | 70.0+8.4* | 11 | 55.0+11.1 | 6 | 545:150 | 12 | 34.3:+8.0 |y?=6.434;df=2
Complete cure 21 | 70.0:84* | 11 | 550+11.1 | 5 | 455¢150 | 12 | 34.3t+80 |x*=7.598; df=2
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observed in HIV-negative patients [17]. Immunosuppression
leads to uncontrolled proliferation of dermatophytes, with
clinical specimens often revealing abundant hyphae and
arthroconidia. Our findings correspond to a patient
population that, according to the Centers for Disease Control
and Prevention (CDC) classification, did not meet the criteria
for AIDS at the time of sample collection.

Thus, assessment of the effectiveness of antifungal
therapy for onychomycosis of the feet in HIV-infected
patients stratified according to the effectiveness of
antiretroviral therapy demonstrated the best outcomes in
the group with successful ART and the poorest outcomes
in the group with unsuccessful ART. In patients showing no
positive dynamics in one of the key indicators (viral load or
CD4+ T-lymphocyte count), combined therapy for
onychomycosis of the feet yielded intermediate results.

Analysis of the effectiveness of antifungal treatment for
onychomycosis of the feet in HIV-infected patients
depending on ART outcomes indicates the need for
optimization of antiretroviral regimens in order to select
more effective treatment strategies.

Thus, dermatomycoses represent characteristic clinical
manifestations of HIV infection and are expressed by a wide
range of nosological forms, including various combinations
thereof. The etiological and clinical features of onychomycosis
of the feet depend on the adequacy of the selected ART
regimen. Successful ART is associated with a significant
increase in the effectiveness of antifungal therapy for
onychomycosis of the feet.

Conclusions

1. When selecting an antimycotic agent for the treatment
of onychomycosis of the feet in HIV-infected patients, the
spectrum of antifungal activity against the identified
pathogen should be taken into account. Thus, in cases of
onychomycosis of the feet caused by dermatophytes,
terbinafine is the drug of choice; when non-dermatophyte
fungi (yeasts, non-dermatophyte filamentous fungi),
dermatophytes, or their combinations are isolated,
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BYKOBVHCHKMNIA fiepXXaBHUIA MeANYHWIA YHIBEpCUTET

PE3HOME. Mema po6omu — oyiHumu pesy/ismamus-
Hicmb J1liKyBaHHS1 OHIXOMIiK03ig8 cmon y BI/1-iHgbikosaHuUX

3a/1e)KHO B8I0 eghekmuBHOCMIi aHMuUpPempoBipyCHOI

mepanii (APT).

Mayienmu i memodu. [1i0 crocmepexeHHsaM repe-
6ysasio 96 BI/I-iHhikoBaHUX XBOPUX i3 OHIXOMIKO3amu
cmorn.

JiazHo3 Bl/I-iHhekyii BcmaHos/o8asiu 32(0HO 3 MiX-
HapOOHOK Kracugpikayieto xsopob 10-20 nepeasisady
(MKX-10) ma sepuchikysasiu BUsiB/IeHHSIM crieyughidHUX
CeposIo2IYHUX | MOJIEKY/IAPHO-6i0/102[4HUX MapKepis
BI/1. Ycim xBopum peecmpysasiu Kiibkicmb CD4*-
nliMgboyumis i BipycHe HasaHMaKeHHs (Komiti/ms).
3Baxarodyu Ha egpekmusHicmb APT, Bl/l-iHgbikosaHi
XBOpI 3 OHIXOMiKO3amu cmon 6y/1u odifiIeHi Ha Yomupu
epynu. Ao | 2pynu 8xoousiu nayieHmu 3 8ipyco/102i4HUM
ma iMyHos102i4HUM ycnixamu APT; do Il epynu — nayi-
EHMU 3i 3HUXEHHSIM BipyCHO20 HasaHmMaxXeHHs 6e3
36i/1bWeHHs Yucna CD4*-nimgboyumis abo 3 niosuLeH-
HsM piBHS1 CD4+>500 K/1/MK/1 6e3 3HUXEHHS BIpYCHO20
HasaHmaxeHHs; 0o Il epynu — nayieHmu 3 iMyHO/102i4-
HOH BiOMNoBId0K, asie 6e3 3HUXEHHS BipyCHO20 HaBaH-
maxeHHs1; 0o IV epynu — ocobu 3 Bipycos102i4HOK ma
IMyHO/102i4HOK0 Hegoadyamu APT. Takum YuHowMm, y | 2py-
i nio crnocmepexeHHsIM rnepebysasio 30 oci6; y Il 2py-
ni—20; y lll epyni — 11; y IV 2pyni — 35 xB0puUX.
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13 cucmemHoi aHmugbyHaasibHoI meparnii Bl/1-iHhikoBaHi
Xg8opi | epynu ompumysanu mepbiHaghiH no 250 me Ha
006y npomsicom 12 muxHis. MayieHmu Il epyrnu ompu-
Mysasnu iHmpakoHasos rno 200 M2 2 pa3u Ha 0oby 3a
cxemoro nyasc-meparnii Ha 1-0, 5-0 ma 9-G muxHi iky-
BaHHs. Y IlI-1V epynax xgopum npu3sHadyasiu go/1yKoHa3os1
Yy 003i 150 me 1 pa3 Ha muxxoeHb Mpomsi2om 6 Micsyis.
Pesynbmamu. Ha 6-0 Micsyb criocmepexeHHs echek-
musHicmb npomuepubKosoi mepanii OHIXOMIKO03i8 cmon
Yy nayieHmis 3 8ipycosio2i4HUM ma iMyHO/102i4HUM YCrli-
xamu APT 6ys1a 00CMOBIPHO BUWOK, HK Y XBOPUX 3
BIpyCO/102i14HOK ma iMyHO/102i4HO0 Hegoayamu APT
(p<0,01).

Ha 12-0 micsiyb criocmepexeHHsI MiKos102i9Ha, K/iHIYHa
ma rnosHa eghekmusHiCmb aHmugbyH2a/1bHOI mepartii
OHIXOMIKO3i8 MO BUSBU/IACS] CMAMmUCMUYHO Ba20MO
BUWOI y pas3si Bipycos102i4H020 ma iMyHO/102i4HO20
ycrixis aHmupemposipyCcHO20 JliKyBaHHS, MOPIBHAHO 3
2pyrnor XBOopux, B8 SIKUX Makoz20 pesysibmamy emio-
mponHoi mepanii Bl/T-iHghekyii docsemu He Boasiocs
(p<0,01).

BucHosku. OyiHka ethekmusHocmi npomuapubKosoi
meparnii oHixoMiko3ig cmon y Bl/I-iHghikosaHUX XBOPUX
Yy epynax, cghopMoBaHUX 3a/1EXHO BIi0 ehekmusHoCMi
aHmupemposipyCcHO20 JliKyBaHHs, okasasna Halkpauwi
pe3ysibmamu y epyrii 3 ycriwHUM 8apiaHmoM BUKOPUC-
maHHs aHmupemposipycHUX npenapamis i Hadeipwi
— y 2pyni 3 HecamusHUM pe3y/ibmamoM mako20
JIiKyBaHHSA. Y npedcmasHUKi8 2pynu 3 8i0CYMHICMIo
03UMUBHOI OUHaMIKU 00HO20 3 MMOKa3HUKIB (BipyCHO20
HasaHmMaxeHHs1 4u Kisiskocmi CD4*-nimMcboyumis) KoM-
6iHoBaHa mepariis OHIXOMIKO3i8 CMOI MPOOeMOHCMPY-
Basia MPOMKHI pesysibmamul.



Knroyosi cnosa: Bl/I-iHQhekyisi, MiKO3u WKipu ma ii 0o-
damkis, aHmupemposipycHa mepariisi.
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