MIKPOBIONOTIA / MICROBIOLOGY

DOI 10.29254/2077-4214-2024-2-173-348-357
UDC 615.282.015.8:579.61
Hrynzovska A. A., Bobyr V. V.

STUDY OF THE SENSITIVITY OF CANDIDA ADAPTED TO FUNGICIDES TO MEDICAL
ANTIFUNGAL DRUGS

Bogomolets National Medical University (Kyiv, Ukraine)
ahrynzovska@gmail.com

Nowadays, fungal resistance to antifungal drugs is one of the most pressing problems in modern medicine and
is subject to in-depth study. It is possible that this may also be due to the fact that antimycotic drugs, in addition to
the medical industry, are widely used in various sectors of the national economy, including the agricultural industry,
where fungicidal drugs of the azole group, in particular triazole and imidazole derivatives, are most often used. This
study aims to assess how the adaptation of microscopic fungi to azole fungicides affects their sensitivity to drugs
used in the medical field to treat fungal infections.

It is known that antifungal drugs from the class of imidazoles and triazoles, both medical and non-medical, have
the same mechanism of action on fungal cells. In addition, the comparative analysis showed significant structural
similarities between fragments of pesticide (fungicide) molecules and antifungal drugs, which justifies the choice of
similarly structured compounds from these classes for the study. Based on the above criteria, fungicides and drugs of
similar structure from both the triazole and imidazole classes were selected for the study.

The results show that C. albicans strain 1, adapted to high concentrations of tebuconazole fungicide, showed
increased susceptibility to nystatin, imidazoles (miconazole and clotrimazole) and fluconazole. All strains adapted
to high doses of fungicides developed sensitivity to fluconazole, but strains adapted to triazole fungicides (difeno-
conazole and propiconazole) lost sensitivity to voriconazole, indicating the formation of cross-resistance.

At the same time, it was found that C. glabrata 91 strains resistant to the fungicide difenoconazole were able
to retain sensitivity to triazole drugs when analysing the results after 24 hours, but after 48 hours the growth retar-
dation zone was completely “overgrown”, which may indicate the formation of cross-resistance in a slow-growing

population.

Based on the data obtained, it can be reasonably concluded that fungal strains adapted to high concentrations
of fungicides can develop cross-resistance to medical antimycotics, especially to drugs with a similar chemical struc-
ture. However, in some cases, on the contrary, there is an increase in sensitivity to medical antifungal drugs.
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Connection of the publication with planned research
works.

The work was performed within the framework of
the research work of the Department of Microbiology
and Parasitology with the basics of immunology of
the Bogomolets National Medical University «Use of
bacteriophages to combat antibiotic-resistant Clepsiella
pneumoniae», state registration number 0123U100951.

Introduction.

Today, the issue of microbial resistance to major
antimicrobial drugs is being actively studied. In general,
this problem is not new; however, the intensive spread of
multidrug-resistant strains has become a global challenge
for society [1]. In medical practice, irrational antibacterial
and antimycotic therapy is considered the main reason
for the acquisition of antimicrobial resistance by
microorganisms, which contributes to the selection of
resistant strains of infectious diseases [2]. At the same
time, it should be noted that antimicrobial, particularly
antifungal, drugs are widely used in the agricultural
sector, including for treating fruit and vegetable crops
[3]. The wide range of microscopic fungi found in crops
and agricultural products makes the problem particularly
urgent. In this industry, azole preparations, in particular
triazole derivatives (flutriafol) and imidazole derivatives
(imazalil), are most often used [4]. Resistance to azoles has
become a new therapeutic challenge on all continents.

Although the resistance of fungal microorganisms to
azoles has been known for several decades, there are
still a limited number of studies on the patterns of
fungal resistance to azoles. This is especially important
given that drugs of this group are also actively used in
medical practice, where they have proven to be effective
in treating fungal infections in humans [5].

The development of resistance in fungi is a less
dynamic process than in bacteria, but it is no less
important given the prevalence of fungal infections in
our country and globally. The emergence of pathogen
resistance to fungicides is a special case of the natural
process of biological evolution of organisms capable
of adapting to changing environmental conditions. In
order to prevent the occurrence of toxicity to the human
body, individual values of maximum permissible levels
or permissible residual concentrations (in mg/kg) in
products and their derivatives, in soil and other specified
objects have been developed for each fungicide and
each type of crop where it is used [6]. However, residual
amounts of fungicides can enter the human body and
be a trigger for the emergence of resistant opportunistic
strains of microscopic fungi, which raises important
issues of environmental sustainability, human health and
food security. It is possible that the similarity in molecular
structure between azole fungicides, which dominate the
agricultural pesticide market, and antifungal drugs may
lead to the development of cross-resistance of fungi to
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medicines. It has now been shown that azole-resistant
fungal strains, such as A.fumigatus, have been shown to
be common among clinical isolates. For example, stud-
ies in the Netherlands, the UK and India have shown that
azole-resistant pathogens were isolated from two-thirds
of patients with invasive aspergillosis, although no azole
therapy was performed in the history of such patients [7].
In the context of this problem, it is important to answer
the key question: is it possible to develop cross-resis-
tance to medical antimycotics in microorganisms adapt-
ed to fungicidal pesticides? This is the focus of this paper.

The aim of the study.

To determine the possibility of cross-resistance to an-
timycotics for medical purposes in fungal strains adapted
to high concentrations of fungicides.

Object and research methods.

Clinical isolates of Candida albicans (C. albicans), Can-
dida krusei (C. krusei) and Candida glabrata (C. glabrata)
from the collection of microbial cultures of the Depart-
ment of Microbiology and Parasitology with the Basics
of Immunology of the Bogomolets National Medical Uni-
versity and the Bacteriological Laboratory of the Pirogov
National Medical University were used in the study. Iso-
lated fungal cultures were identified using a device for
the identification and determination of the sensitivity of
microorganisms to antimicrobial agents — Vitek 2 com-
pact 30.

Sensitivity studies of clinical strains of Candida fungi
were conducted to the most common broad-spec-
trum fungicides used in the agricultural industry: dif-
enoconazole, tebuconazole, flutriafol, propiconazole
(1,2,4-triazole derivatives) and imazalil, prochloraz (imid-
azole derivatives). All the test fungicides were presented
in the form of chemically pure solids with a powdered
consistency, except for propiconazole, which was a vis-
cous, thick yellow liquid.

To determine the minimum inhibitory concentration
(MIC) of fungicides, the serial dilution method of drugs
in a liquid nutrient medium of an antimicrobial agent
(AMA) was used [8]. Working solutions of the experi-
mental drugs were prepared under aseptic conditions by
diluting an exact weight of crystalline powders (difeno-
conazole, tebuconazole, fluathiafloxacin, imazalil and
prochlorazole) weighing 800 mg (0.8 g) or 0.8 ml of liquid
propiconazole in 9.2 ml of DMSO. Subsequently, two-fold
serial dilutions of fungicide solutions in AMA liquid medi-
um were prepared. The dilutions were repeated to a final
fungicide concentration of 9.7 mg/ml (for difenoconazole,
tebuconazole, flutriafol, imazalil, prochlorazole) or 12.5
mg/ml (the calculation of the mass and concentration of
propiconazole was calculated considering the density of
the preparation). The final density of candida inoculum
was 1x10%*5x10* cells/ml.

To determine the values of the minimum fungicidal
concentration (MFC), 0.1 ml samples were taken from
the tube with a concentration of fungicidal preparations
of 1.0xMIC, all tubes with a higher concentration and the
tube with a positive control. Each sample was inoculated
on Petri dishes with Sabouraud medium, then placed in a
thermostat at 35°C. The results were evaluated after 24 h
and again after 48 h. The result was considered negative
if there were 5 or fewer colonies per dish, which is equiv-
alent to 99.9% of the test culture being killed. The lowest
concentration at which negative results were recorded
was taken as the MFC [8]. To determine interspecific dif-

ferences in candida susceptibility to fungicides, the aver-
age MFC values for C. albicans, C. krusei, and C. glabrata
were calculated.

To study the possibility of developing cross-resistance
to antifungal drugs in Candida, which have been adapt-
ed to high concentrations of agricultural fungicides, the
sensitivity of the original and passaged strains of Candida
to the most commonly used antifungal drugs in medical
practice — imidazole, triazole and polyene antibiotics —
was determined. The susceptibility was determined ac-
cording to the standard method specified in CLSI M44-A2
(2018) [9] using Mller-Hinton medium (with 2% glucose
and 0.5 pg/ml methylene blue) and standard discs with
miconazole (50 mg per disc), clotrimazole (10 mg per
disc), fluconazole (25 mg per disc), voriconazole (1 mg
per disc), and nystatin (100 U per disc).

Research results and their discussion.

Antifungal drugs derived from imidazole and tri-
azole, both medical and non-medical, have the same
mechanism of detrimental effects on fungal cells, so it
was advisable to study whether strains adapted to high
concentrations of fungicides develop cross-resistance
to medical antimycotics. A comparative analysis of the
compounds under study showed structural similarities
between fragments of pesticide (fungicide) molecules
and antifungal drugs [10]. Based on chemical similarities,
we selected for the study similarly structured fungicides
and drugs from both the triazole and imidazole classes:
two medicinal products from the imidazole group, name-
ly miconazole (with the highest chemical similarity to
fungicidal imidazoles) and clotrimazole (with the lowest
chemical similarity) and the triazole group (fluconazole
and voriconazole), both of which had high chemical sim-
ilarity (fig. 1). It should be noted that comparative stud-
ies of the chemical similarity of fungicides and medicinal
products have demonstrated the absence of a group with
low chemical similarity (figs. 1, 2). In addition, the drug
imazalil, which belongs to the group of polyene antimy-
cotics, was also used in the studies.

The results of determining the susceptibility of micro-
organisms to antifungal drugs both before the formation
of resistance and after their passage in a nutrient medi-
um with fungicides are presented for each strain sepa-
rately.

According to the results of the disco-diffusion method,
strain C. Albicans 1 was identified as highly sensitive
to fluconazole, voriconazole, sensitive to miconazole,
clotrimazole and nystatin. The data presented in
fig. 3 demonstrate certain changes in antimicrobial
susceptibility in clinical C. albicans 1 strains that were
passaged in culture medium with different fungicides.
According to the results, the strain adapted to the
fungicide difenoconazole lost sensitivity to triazole drugs
(fluconazole and voriconazole) and decreased sensitivity
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Figure 1 — Structural similarities between imidazole pesticides
and antifungal drugs.
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Figure 2 — Structural similarities between triazole pesticides
and antifungal drugs.

to clotrimazole. In strains adapted to high concentrations
of the fungicides imazalil and prochloraz (imidazole
derivatives), cross-resistance to medical antimicrobials,
triazole and imidazole derivatives was not found; on the
contrary, we recorded an increase in growth retardation
zones compared to the corresponding baseline data,
indicating an increase in sensitivity to these drugs.

An increase in sensitivity to nystatin, all imidazoles
and fluconazole used in the study was observed in the
strain adapted to high concentrations of tebuconazole
and the strain C. albicans 1, which is not sensitive to the
flutriafol fungicide, showed pronounced sensitivity to
both triazole antimycotics (fluconazole and voriconazole)
and the imidazole antimycotic miconazole. For the

propiconazole-resistant strain, the susceptibility values
remained almost unchanged.

Based on the size of the growth inhibition zones
around the discs with the respective antifungal drugs,
strain C. albicans 77 was identified as resistant to
nystatin and fluconazole, sensitive to voriconazole
and clotrimazole, slightly sensitive to miconazole, and
moderately resistant to nystatin.

All strains of this group, adapted to high doses of
fungicides, developed sensitivity to fluconazole, but
populations that were passaged in medium with triazole
fungicides (difenoconazole and propiconazole) lost
their sensitivity to voriconazole, i.e. in this case, the
formation of cross-resistance was observed. Fungi with
low sensitivity to the fungicide tebuconazole acquired
resistance to imidazoles: miconazole and clotrimazole.
The sensitivity to clotrimazole also decreased in the
strain adapted to the imidazole fungicide propiconazole,
but the sensitivity to miconazole increased in strains
resistant to fungicides from the imidazole group, which is
confirmed by the data presented in fig. 4.

It should also be noted that the flutriafol-resistant
C. albicans 77 strain increased its sensitivity to the
polyene antibiotic nystatin, but decreased its sensitivity
to miconazole. Thus, based on the analysis of the
susceptibility of these two strains, it can only be stated
that diphenoconazole-resistant strains may develop

cross-resistance to triazoles, but the

C. albicans 1 (T) r 44 0 45

< v 0 L IR

Nystatin #Miconazole® Clotrimazole = Fluconazole m Voriconazole

vast majority of adapted cultures are
increasingly susceptible to fluconazole
and/or voriconazole. Adapted or resistant
strains to imidazoles had a higher
susceptibility to medical imidazoles.
According to the disc diffusion method
of susceptibility testing, C. Krusei B
strain was determined to be resistant
to fluconazole, highly sensitive to
voriconazole, sensitive to clotrimazole,
and slightly sensitive to miconazole and
nystatin. It was found that fungicide-
resistant strains of C. krusei B retained

Figure 3 — Sensitivity of fungicide-adapted C. albicans 1

strains to antimycotics for medical use.

Notes: (D), (T), (F), (Ph) adapted to difenoconazole, tebuconazole, flutriafol, prochlorazole,
respectively; (Pp*), (1*) strain with developed resistance to propiconazole, imazalil,

respectively.

resistance to fluconazole, and strains
adapted to high doses of difenoconazole,
flutriafol, and imazalil significantly reduced
sensitivity to voriconazole or developed
resistance to it, as in strains resistant to
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imazalil, as evidenced by the data shown
in fig. 5.

The results of experimental studies
showed that C. krusei B strain, which
had acquired resistance to flutriafol, lost
sensitivity to imidazoles (miconazole
and clotrimazole); loss of sensitivity to
nystatin was observed in candida resistant
to the fungicide imazalil. In contrast to
clinical strains of C. albicans, no increase
in susceptibility to different chemical
groups of antifungal drugs was detected
in this type of fungicide-resistant candida,
1 except for a slight increase in susceptibility

Figure 4 — Sensitivity of fungicide-adapted C. albicans 77 strains

to antimycotics for medical use.

Notes: (T), (F), (Pp), (Ph) adapted to tebuconazole, flutriafol, propiconazole, prochlorazole,
respectively; (D*), (I*) strain with developed resistance to difenoconazole, imazalil,

respectively.

to clotrimazole in the C. krusei B strain,
which was resistant to the tebuconazole
fungicide.

Based on the results obtained, certain
features of the spectrum of antimicrobial
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activity of medical antimycotics on the C.
glabrata 91 strain and fungicide-resistant
populations of this strain were established.
According to our data, the clinical
isolate of C. glabrata 91 was moderately
sensitive to miconazole, nystatin, and
sensitive to clotrimazole, fluconazole, and
voriconazole.

The results of the studies presented
in fig. 6 and fig. 7, demonstrate some
features of the biological effect of
antimycotics on C. glabrata 91 strains
adapted to fungicides. When determining
the antimicrobial effect of miconazole on
strains adapted to difenoconazole and
imazalil, a «double zone» was formed:
a central, smaller diameter zone with
a complete absence of growth and a
wider zone with rather scarce growth. In
addition, the difenoconazole-resistant
candida retained sensitivity to triazoles
when analysing the results after 24 hours,
but after 48 hours the zone of growth
retardation was completely «overgrowny,
which may indicate the formation of cross-
resistance in a slow-growing population.
A similar feature was also found in
the imazalil-resistant strain, but only
concerning voriconazole. In addition, an
increase in susceptibility to antifungal
drugs was recorded in C. glabrata resistant
to the flutriafol fungicide, and an increase
in susceptibility to fluconazole was shown
in strains that had acquired resistance to
the propiconazole and imazalil fungicides.

Conclusions.

Thus, based on the results of
experimental studies, it can be concluded
that clinical isolates of Candida spp.,
after acquiring resistance to fungicides,
react differently to the effects of drugs
used in medical practice to treat fungal
infections. In some cases, as in the case
of C. albicans 1, after adaptation to the
fungicide difenoconazole, it acquired
resistance to triazoles (fluconazole and
voriconazole) and reduced sensitivity to
clotrimazole. At the same time, strains of
this isolate adapted to high concentrations
of the fungicides imazalil and prochloraz
(imidazole derivatives) did not develop
cross-resistance to medical antimycotics,
triazole and imidazole derivatives but
rather increased it. Similar patterns were
observed in other clinical isolates of fungal
infections.

In general, the process of adaptation of
this group of microorganisms to fungicidal
drugs was accompanied by the formation
of cross-resistance to drug antimycotics
and an increase in their sensitivity.

Prospects for further research.

Further study of this issue on a more representative
number of strains of candida that develop resistance
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Figure 5 — Sensitivity of fungicide-adapted C. krusei B strains to antimycotics for medi-
cal use.

Notes: (D*) (T*), (F*), (Pp*), (I*) strains with established resistance to difenoconazole,

tebuconazole, flutriafol, propiconazole, imazalil, respectively; (Ph) adapted strain to

prochlorazole.
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Figure 6 — Sensitivity of fungicide-adapted C. glabrata 91 strains to medical
antimycotics after 24 hours.
Notes: (T*), (Pp*) strain with developed resistance to tebuconazole, propiconazole,
respectively; (D), (F), (1), (Ph) adapted strain to difenoconazole, flutriafol, imazalil,
prochloraz, respectively; numbers in orange indicate that the area was completely
overgrown after 48 hours of incubation.
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Figure 7 — Sensitivity of fungicide-adapted C. glabrata 91 strains to antimycotics for
medical use after 48 hours.
Notes: (T*), (Pp*) strain with established resistance to tebuconazole, propiconazole,
respectively; (D), (F), (1), (Ph) adapted strain to difenoconazole, flutriafol, imazalil,
prochloraz, respectively; numbers in orange indicate that the area was completely
overgrown after 48 hours of incubation.

to non-medical fungicides will allow the establishment
of certain patterns or correlations regarding the
antimicrobial activity of antimycotics on strains of can-
dida that develop resistance to non-medical fungicides.
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AOCNIAMEHHSA YYTIMBOCTI AOANTOBAHUX A0 ®YHTILUUAIB KAHAUA,
[10 NIKAPCbKUX MPOTUIPUBKOBUX NPEMAPATIB

HauioHanbHUii meguuHuii yHiBepcutet imeHi 0.0. boromonbusa (M. Kuis, YKpaiHa)
ahrynzovska@gmail.com

B Haw 4ac peaucmeHmHicms 2pubis 0o npomuzpubkosux npenapamis A67A9€MosCA 00HI€EI i3 HallakmyanbHiUWUX
npobsiem cyyacHoi MmeduyUHU i nidndeae 2AUbOKoOMy 8UBYEHHIO. He 8UKAO4YEHO, Wo uye moxce bymu rnoe’s3aHo
MAaKOX 3 MUM, WO AGHMUMIKOMUYHI 3acobu, Kpim MeduyHoi eany3i, 3HaliuAu WUpoKe BUKOPUCMAHHA 8 Pi3HUX
2a71y3AX HapPOOHO20 20CrNodapcmaa, 8 Momy Yucsi i 8 aepapHili cgpepi, Oe Haliyacmiwe 3acmocosyroms pyHailyuoHi
npenapamu epynu a3osnis, 30Kpema noxioHi mpua3sonie ma imidazonie. Mema 0aH020 00CAIOHEHHA — OYiHUMU K
8risausae npouyec adanmauii MikpockoniyHux epubie 0o a30abHUX GhyH2iyudie Ha ix yymausicms 00 npenapamis, AKi
BUKopucmosytomeca 8 Medu4Hili cghepi 01 niKy8aHHA 2pubKoB8UX iHPeKyil.

Bidomo, wjo npomuzpubKosi npenapamu 3 KaAacy imida3onie ma mpuasonie, AK MeOUuYHo20, MakK i HeMeoduYHO20
MpPU3HAa4YeHHA Marome 00HaKo8UU MexaHi3m Oii Ha 2pubKosi KnimuHu. Kpim moeo, nposedeHuli nopieHAAbHUU aHAnI3
MOKA3ae 3HAYHy cmMpPyKmMypHy nodibHicmb Mixc gppaemeHmamu mMosnekyn necmuyudis (pyHaiyudie) i nikapcbKux
npomuepubKosux npenapamis, w0 obrpyHmosye 8ubip 0718 00CAIOMEHHA CXOM(UX 30 b6y0080H CMOAYK 3 YuX
Knacie. OpieHMy4UCb Ha 8KA3aHI Kpumepii, 019 00cnidHeHHA 06paHO cxoxci 3a 6y0080H0 hyH2iyuouU i NiKapcoKi
npenapamu AK 3 KAAcy mpuasosie, MmakK i 3 kaacy imioasosnie.

OmpumaHi pe3yasmamu ceioyams rnpo me, wio y wmamy C. albicans 1, adanmoeaH020 00 8UCOKUX KOHUeHmMpauyili
yHziyudy mebyKoHa30sy, Criocmepi2anoca NiGBUUWEHHS Yymaugocmi 00 AiKapCbKUX rpernapamie HicmamuHy,
imidazonie (MikoHa3071y Ma KAOMUPMQA307y) d MAKOX ¢hayKOHA30y. Y 8cix wmamis, a0anmosaHux 00 8UCOKUX
003 ¢pyHeiyudis, hopmysanacs yymaugicms 00 s1yKOHA30s7y, NMpome wWmamu, adanmosaHi 00 Mpua3osnbHUX
yHeiyudis (OugheHOKOHA30ay MaA NPOMIKOHA30sy), 8MpPaAYaAU Yymsaueicme 00 80PIKOHA30Y, WO C8iI0YUMb PO
(hOpMyBaHHSA nepexpecHoi peaucmeHmHocmi.

Pazom 3 mum, 8cmaHoeseHo, W0 pe3ucmeHmHi 0o ¢yHziyudy dugeHokoHazony wimamu C. glabrata 91 30amHi
36epicamu yymaugicme 00 MedUYHUX Npenapamie mpuasosnie Npu aHanisi pesysnsmamis yepes 24 200UHU, 00OHAK
yepes 48 200UH 30HA 3AMPUMKU POCMY MOBHICMIO «3APOCMAsa», U0, 04e8UOHO, MOoMce C8I0YUMU NPO POPMYBAHHA
rnepexpecHoi peaucmeHmHocmi'y nonynAyii 3 nosinbHUM pocmom.

Ha niocmasi ompumaHux 0aHUX MOXCHA 3p0bumu apaymeHmo8saHuli BUCHOBOK, WO wmamu epubis, adanmosaHi
00 BUCOKUX KOHUeHmMpauili ¢pyHaiyuois, Mmoxyms opmysamu repexpecHy pe3ucmeHmHicms 00 MeOUYHUX
aHMUMIKomukis, ocobaugo 00 rnpenapamie 3 aHAsM02i4HO XiMiYHO cmpykmypoto. OOHAK, y 0esaKux eunaokax

HABMnaku — crnocmepi2aemocs nMid8UWEHHA 4Yymaugocmi 00 MeOU4HUX MpomuzpubKosux npnapamie.

Knw4oei cnoea: aHmMumikpobHa pesucmeHmHicmes, ¢hyHziyudu, MiKkpockoniyHi epubu, KaHOudo3u, 2pubkosi
iHperyil, azonbHi npenapamu, C. albicans, C. krusei ma C. glabrata.

38’A30K nyb6niKauii 3 n1aHOBMMMU HayKOBO-J0CNIg-
HUMMK poboTamu.

PoboTta BMKOHaHa B pamKax HAOP kadeapu mikpo-
6ionorii Ta napasuTonorii 3 ocHoBamu imyHonorii Hawi-
OHaNbHOIO MeAun4YHoro yHisepcutety imeHi 0.0. boro-
MosbUs «BMKopucTaHHA bakTepiodaris gna 60poTbbm
3 aHTUbioTUKOpesncteHTHUMK Clepsiella pneumoniae»,
Ne neprkaBHOi peecTpauii 0123U100951.

Bcryn.

A Hal Yac aKTMBHO BMBYAETLCA MUTAHHA PE3UCTEHT-
HOCTi MIKPOOpPraHiamiB A0 OCHOBHMX aHTUMIKPOOHMUX
npenapartis. B uinomy ua npobnema € He HOBOO, pa3om
3 TWUM, iHTEHCMBHE MOLMPEHHA MYNBTUPE3UCTEHTHUX
WTamiB cTano rnobanbHUM BUKAMKOM A1A CYCNiNbCTBa
[1]. B MeanyHii NpakTULi OCHOBHOK NPUYMUHOK HabyT-
TA MiKpOOpPraHiamammn pe3ncTeHTHOCTI 40 NPOTUMIKPO6-
HUX 3acobiB BBaXKalOTb HepauioHanbHYy aHTUOaAKTepi-
a/IbHY Ta aHTMMIKOTMYHY Tepanito, WO CNpuAE ceneKuii
pe3nCTEHTHMX WTamiB 36yaHUKIB iHEKLiNHNX 3axBopto-
BaHb [2]. BogHouac chig, BiAMITUTK, WO NPOTUMIKPOGHI,
30Kpema NpoTUrpubKOoBI Npenapati 3HANWAN WNPOKe
BMKOPWUCTAHHA i B arpapHili cdepi B Tomy umcni n ana
06p06KM NnogoosoyeBmx Kynbtyp [3]. LUnpokuii cnekTp
MiKPOCKOMIYHMX FpunbiB, LLLO BUABAAETLCA B KybTypax Ta
NPOAYKTax CiIbCbKOro rocnogapctea ocobanBo aKTyani-

3ye npobnemy. B daHili ranysi HanyacTilwe BUKOPUCTO-
BYIOTb MpenapaTh a30/iB, 30Kpema noxigHi Tpuasonis
(dnyTpiadon) Ta imigasonis (imasanin) [4]. CTinkicTb Ao
a30/iB CTasa HOBO TepaneBTUYHOK NPO6JEeMOt0 Ha
BCiX KOHTMHEHTax. Xo4ya Npo pPe3nUCTEHTHICTb MiKpPoop-
raHiamis rpnbKoBOI NpPUPoOAMN A0 a30/iB BiLOMO KisbKa
OEeCATUANITb | CbOroAHi icHye obmekeHa KinbKicTb gochi-
OKeHb, NPUCBAYEHUX BUBYEHHIO 3aKOHOMIpHOCTEN dop-
MYBaHHSI Pe3UCTEHTHOCTI rpnbis Ao HuX. Lle ocobamso
BaX/IMBO 3 OrMNA4y Ha Te, WO npenapaTv AaHOi rpynum
aKTUBHO BMKOPMUCTOBYIOTHCA | Y MeAMYHIM NpaKkTULi, ae
3apeKkomeHayBanun cebe AK epeKTUBHI 3acobu ANA Niky-
BaHHSA rPUBKOBUX iHDEKLiN y ntogmHu [5].

dopmMmyBaHHA PE3UCTEHTHOCTI Y rpmnbiB € meHW Au-
HaMiYHMM NpoLLecom, Hix y bakTepiil, oAHaK BiH € He
MEHLL BaXK/IMBUM, 3 OINIAAY Ha NMOLWMPEHICTb FrPUBKOBUX
iHpeKUi | B HaWiK i KpaiHi i B winomy y cBiTi. BUHUKHEH-
HA Pe3MCTEHTHOCTI 36yaAHUKIB A0 QYHIILMAIB € OKPEMUM
BMMAaAKOM NpupoaHoro npotecy bionoriyHoi eBontoLii
OpraHi3miB, 34aTHUX aAanNTyBaTUCA A0 MIHNBUX YMOB
30BHIWHBOrO CcepefoBULLa. 3 MeTOK MnonepeaKeHHn
BMHWKHEHHA TOKCMYHOCTI ANA OpraHismy NoauvHW AnA
KOXHOMo OYHriunay Ta KOXHOro BUAY KynbTypu, Ae BiH
3aCTOCOBYETbCA, PO3PO6AEHO iHAMBIAYaNbHI 3HAYeEH-
HA MaKCMManbHO AOMYCTUMMX PiBHIB abo gonycTumoi
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3a/IMWKOBI KOHUEHTpaUii (y mr/Kr) B npoaykuii Ta ii no-
XiZIHWUX, Y TPYHTi Ta iHWMX BCTAaHOBAEHUX 06’eKTax [6].
OpHaK 3a/MWKOBA KiNbKiCTb QYHriLMAIB MOXKe noTpa-
NAATY B OPraHi3am I0ANHU Ta BYyTU TPUrepHUM pakTopom
0N BUHUKHEHHA PEe3UCTEHTHUX YMOBHO-MATOreHHUX
LWITaMiB MIKPOCKONIYHUX rPUBIB, WO aKTyasni3ye BaxKau-
Bi MUTAHHA eKoNoriYHol CTiMKOCTI, 340p0B’a Noael Ta
npoAoBOo/bYOI 6e3nekn. He BUKAOYEHO, LLLO CXOXKICTb Y
CTPYKTYPi MONEKY/N MiXK a30/bHUMM PYHTILMOAMM, SKi
OOMIHYIOTb Ha PUHKY Ci/ibCbKOTOCMOAAPChKUX NeCcTULLU-
4iB, i NpoOTUrpMbKOBMMM NpenapataMmv MoxKe Mpu3Bo-
antn 1o GopMyBaHHA nepexpecHoi cTiMKocTi rpmbis Ao
mMeanyHux npenapatie. CbOrogHi NoKasaHo, WO CTilKi
00 asonisB wWTamu rpubis, 3okpema A. fumigatus, 4acto
3yCTpivaloTbCA cepes, KNiHIYHWUX i30nATiB. Tak, Hanpu-
Knag, aocnigxeHHa B HigepnaHgax, BenvkobputaHii Ta
IHAjT NoKasanu, Wo BiA 4BOX TPETUH MALLIEHTIB, XBOPUX
Ha iHBA3WBHWI acneprinbo3, BUAINANUCL PE3UCTEHTHI
00 a3oniB 30yAHWMKKM, XOo4a B aHaMHe3i Tepania TaKux
XBOPWUX a30/1aMKn He nposogunacb [7]. B po3spisi gaHoi
npobnemu BaXKAMBO 4aTK BiANOBiAb HA KAOYOBE 3anu-
TaHHA — YM MOXKAnBe GOPMYBaAHHSA NepexXpecHoi pesuc-
TEHTHOCTI 4,0 aHTUMIKOTMKIB MeAUYHOr0 NPU3HAYeHHA Y
MiKpoOpraHiamis, aganToBaHnx 40 QyHriLMAHUX NecTu-
umais? Came Lbomy i NpUceBaYeHa gaHa poborTa.

Merta gocnigKeHHs.

3’AcyBaTM MOXAMBICTb GOpPMyBaHHA MNepexpecHol
PE3UCTEHTHOCTI A0 AaHTUMIKOTMKIB MegMUYHOro NpusHa-
YeHHA y WTamis rpnbis, afanToBaHMUX A0 BUCOKUX KOH-
LeHTpauin oyHriunais.

06’eKT i meTOoAMU AocCNnigKeHHS.

B poboTi BUMKOpUCTOBYBaNM KAiHiYHI i3onaTn Candi-
da albicans (C. albicans), Candida krusei (C. krusei) Ta
Candida glabrata (C. glabrata) 3 Konekuii KynbTyp Mi-
KpoopraHiamis Kadeapu mikpobionorii Ta napasutonorii
3 ocHoBamu imyHonorii HMY imeHi 0.0. boromonbuA Ta
bakTepionoriyHoi nabopatopii BHMY imeHi M.I. Mupo-
rosa. lgeHTudikauio i301b0BaHMX KyAbTyp rpmnbis 34iit-
CHIOBA/IM 3 BUKOPUCTaHHA Npunaay ana iaeHTudikauii ta
BM3HAYEHHA YYT/IMBOCTI MIKPOOPraHi3amiB A0 MPOTUMI-
KpobHux 3acobis — Vitek 2 compact 30.

JocnifrKeHHA YyTAMBOCTI KNiHIYHUX WwTamiB rpubis
poay Candida npoBogunu [0 Halbinbll MOWMPEHUX
OYHriUMAIB LWMPOKOro CNeKTpy A4ii, AKi BMKOPUCTOBY-
I0OTb B arpapHin nNpomMucnoBocTi: audpeHOoKOoHa3ony,
TebykoHaszony, ¢nytpiadony, nponikoHasony (noxigHi
1,2,4-Tpmasony) Ta imasaniny, npoxaopasy (noxigHi imi-
nasony). Yci gocnigHi dyHriuman 6ynm npeacrasneHi y
BUMNALI XIMIYHO YNCTUX TBEPAUX PEHOBMH NMOPOLLKOBUA-
HOT KOHCMCTEHLi, 32 BMHATKOM MpPOMNiKOHAa30/y, SKWUN
6yB B'A3KOO FYCTOI PigMHOI }KOBTOIO KOMbOPY.

OnAa BU3HAYEHHA MiHIMANbHOI iHriOYOYOi KOHLEH-
Tpauii (MIK) ¢yHriumais BMKOPUCTOBYBaAM MeTOA, ce-
pifiHMX pO3BeAeHb NpenapaTiB y PiLKOMY MOKMBHOMY
cepefoBulLL aHTUMiIKpobHoro 3acoby (AM3) [8]. Poboui
PO34YMHM JOCAIAHUX NPEenapaTiB roTyBaiv B aCenTUYHUX
YMOBax LIAXOM PO3BeAEeHHA TOYHOI HaBaXKKM KpucTa-
NiYHUX nopowkis (andeHokoHasony, TebyKkoHasony,
dbnyatpiadony, imasaniny Ta npoxnopasy) saroto 800
mr (0,8 r) abo 0,8 mn pigkoro nponikoHasony B 9,2 mMn
AMCO. Hagani roTyBann ABOKpPaTHI MOCANiIAOBHI po3-
BeAEHHs PO34YMHiB GyHriuMAaiB B piakoMmy cepenoBuLi
AM3. Po3BefeHHA MOBTOPIOBA/IN A0 KiHLLEBOI KOHLEH-
Tpauii dyHriunay 9,7 mr/mn (ansa andeHokoHasony, Te-
bykoHaszony, dnytpiadony, imasaniny, npoxnopasy) abo

12,5 mr/mn (po3paxyHOK Macu Ta KOHLeHTpaLi nponi-
KOHA30/1y BMPAxOBYBa/IM 3 ypaxyBaHHAM FyCTUHU npe-
naparty). KiHueBa WibHICTb iIHOKYNATY KaHAWA, CTaHOBU-
™ 1x10*-5x10% KniTuH/mn.

[Onsa BM3HAYeHHA 3HAYeHb MiHIManbHOI QyHriLuna-
HOI KoHUeHTpauii (M®uK) Biabupanm npobu no 0,1 mn
3 NPObIpKM 3 KOHLUEHTPaLjie GYHriLMAHMX NpenapaTis
1,0xMIK, ycix npobipoK 3 BULLOI KOHLLEHTpaLielo Ta
nNpob6ipKK 3 NO3UTUBHUM KOHTpONeM. BuciBanu KoxHy
npoby Ha Yawku MeTpi 3 cepenosuiLem Cabypo, noTim
NOMILLLAaNN YalLKKM y TepmocTaT npu TemnepaTypi 35°C.
Pe3ynbTaTi ouiHIOBanM yepes 24 roa Ta MOBTOPHO Yepes
48 rop. Pe3ynbtaT BBaXkannM HeraTMBHMM MPWU HAABHO-
cTi 5 ab0 MeHLe KONMOHIM Ha YallKy, Lo eKBiBaseHTHO
99,9% 3arnbeni pocnigHoi KynbTypu. HalMHUKYY KOHLLEH-
Tpawito, NpW AKIN peecTpyBannCA HeraTUBHI pesynbTaTy
npuiimanm sk MOuK [8]. Jna BCTaHOBNEHHA MiKBUAO-
BUX BiAMIHHOCTEN y YyTaMBOCTI KaHAWUA, A0 GyHriumais
BMpPAxoByBa/n cepefHi 3HayeHHA M®uK ana sugais C.
albicans, C. krusei, C. glabrata.

[na BUBYEHHA MOMIMBOCTI GOPMYBaHHA nepexpec-
HOI CTIKOCTI 40 MPOTUTPUOKOBMX MpenapaTtiB meanu-
HOrO NPW3HAYeHHA Yy KaHauA, AKi 6ynm agantosaHi Ao
BMCOKMX KOHLLEHTPAL CiIbCbKOroCnogapcbkmnx yHri-
umais, NPoBeAeHO BU3HAYEHHA YyTAMBOCTI BUXIAHUX Ta
naca*koBaHux WTtamis rpubis pogy Candida no HanbinbL
NOLWMPEHNX B MEAMYHIN NPaKTULL aHTUPYHFaNbHUX Npe-
naparis — NOXiAHWX iMiga3ony, TPMA30ay Ta NOMIEHOBUX
aHTMbiOTKKIB. YyTAMBICTb BM3HAYanM 3rigHO cTaHAApPT-
HOI MeToAMKM, Wo 3a3HaveHa B CLSI M44-A2 (2018)
[9] 3 BUKOpMCTaHHAM cepeasoBua Mionepa-XiHToHa (3
fofaBaHHAM 2% riokosu Ta 0,5 pg/mn metuneHosol
CUHbKM) Ta CTaHZAPTHMX OMUCKiB 3 MiKoHa3onom (50 mr
Ha AWCK), KnoTpumasonom (10 mr Ha Amck), dayKoHa-
30/10M (25 Mr Ha AMCK), BOpikoHa3o/oM (1 mr Ha guck),
HicTaTMHOM (100 Opg Ha AWCK) BUpObHMLTBA.

Pe3ynbTat gocnigeHb Ta ix 06roBopeHHs.

MpoTturpnbKoBi npenapaty, nNoxigHi imigasony Ta
TPMasony, AK MeAUYHOro, Tak i HeMeAUYHOro Npu3Ha-
YeHHA, MaloTb OAHAKOBUM MexXaHi3m 3rybHoi Aii Ha
rpnBKoBI KNiTUHM, TOMy ByNno AOLINBHO BUBUMTU UM He
bopmMyeTbCA y WTaMiB, aganTOBaHUX A0 BUCOKUX KOH-
LeHTpaLin GyHriumais, nepexpecHoi pe3ancTeHTHOCTI A0
AHTUMIKOTMKIB MeAMYHOro npusHaveHHA. lopiBHANb-
HWI aHani3 AOCNIAXKYBAHUX CNOJYK NMOKa3aB CTPYKTYPHY
nogibHicTb dparmeHTiB Mosiekyn nectmumais (GyHrium-
[iB) Ta NiKapCbKUX NpoTUrpubKoBMX npenapartis [10].
Opi€eHTylouNCb Ha XiMiYHY nogibHicTb Hamu Byno Bigj-
6paHo ANA AOCNIAXKEHHA CXOXKi 3a 6yn0BOt0 QyHriLMAN i
NiKapCbKi NpenapaTu fK 3 Kiacy Tpnasonis, TakK i 3 Kiacy
imifgasonis: No ABa NiKapCbKi NpenapaTty 3 rpynu imiga-
30/1iB, @ CaMe — MiKOHa30/ (MaB HaibiNbLy XiMmiyHy no-
AibHicTb A0 GYHTiLMAHMX iMiga30niB) Ta KAOTPMMA30N
(HarimeHwW ximiyHO NogibHKMIA) Ta rpynu Tpuasonis (bay-
KOHa30/1 i BOpiKOHa30/), 06uasa Manun BUCOKY XiMiuHY
nogibHictb (puc. 1). Cnig BiAMITUTK, WO NOPIBHANbHI
[OCNiAXKeHHA XimiyHOi nogibHocTi dyHriumais Ta nikap-
CbKMX MpenapartiB NpoAeMOHCTPYBa/IM BiACYTHICTb rpynu
3 HU3KOM XiMiYHO cxoxicTio (puc. 1, 2). Kpim Toro, B
OOCNiAXEHHAX BUKOPWUCTOBYBA/IM i Npenapar imasanin,
AKUIA HANEXUTb 40 FPynu NONIEHOBUX aHTUMIKOTUKIB.

Pe3ynbTaT BM3HAYEHHA YYTIMBOCTI MIKPOOPraHis-
MiB A0 NPOTUTPUOKOBMX NpenapaTis AK 40 GopMyBaHHA
PEe3MCTEHTHOCTI, TaK i MO 3aKiHYEHHIO X Naca*KyBaHHA B
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PucyHoK 1 — CTpyKTypHa nogibHictb nectuuunais rpynu imigasonis
Ta NiKapCbKUX NPOTUrpMBKOBUX Npenaparis.
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PUCYHOK 2 — CTpYKTYpHa NogibHicTb nectuumais rpynu Tpuasonis
Ta NliKapCbKUX NPOTUrpMBKOBUX Npenaparis.
NOXKMBHUX CepeaoBuLax 3 GyHriunaamm npeacraBieHi

ANA KOXHOTO LWTamy OKpemo.

3a pesynbTatamu gUcKo-gudy3inHOro metoay WTam
C.albicans 1 BW3HAYeHWI AK BUCOKOYYTIMBUN A0 Ni-
KapCbKMX npenapatiB  ¢ayKoHa3ony, BOpiKOHa30”y,

YYTAIMBUIA [0 MIKOHA30/y, KNOTPUMA30AY Ta HIiCTaTUHY.
HasegeHi Ha puc. 3 gaHi A4EMOHCTPYIOTb NEBHI 3MiHU
YYT/IMBOCTI A0 aHTUMIKOTMKIB Y KAiHiYHMX wTtamis C.
albicans 1, AKi nacaxyBanun B NOXKMBHWUX CEPeOBULLAX 3
pi3HUMUM YHTiUMAAMMU. 3riGHO OTPMMAHUX Pe3ynbTaTiB
y wtamy, Skuin 6yB agantoBaHuin o ¢yHriumay ande-
HOKOHa30/y, BTPayanacb YyTIMBICTb A0 NiKapCbKMX Mpe-
napaTiB 3 rpynu Tpuasonis (bayKoHa30/y Ta BOPiIKOHA-
30/ly) Ta 3MEHLUYBasacb YyTAMBICTb 4O KAOTPUMA30ANY.
Y WTamis, afanTOBaHUX 0 BUCOKMUX KOHLLEHTpaLi GyH-
riunais imasaniny Ta npoxsopasy (noxigHux imigasony)
nepexpecHoi pe3anCTeHTHOCTI 40 MeAUYHUX aHTUMIKOTU-
KiB, NOXiAHWX TPMA30/ay Ta iMiga3ony, He BCTAaHOB/EHO,
HaBMaKW, HaMK 3adiKcOBaHO 36iNbLUEHHA 30H 3aTPUMKM
POCTYy B MOPIBHAHHI 3 BigNOBIAHMMWN BUXIAHUMWN AaHKU-
MM, WO CBigYMTb NPO 3POCTAaHHA YYTAMBOCTI 40 LMUX Ni-
KapCbKUX Mpenaparis.

MigBULLEHHA YYTAMBOCTI A0 HICTaTUHY, BCiX BWMKO-
PUCTAHUX Yy AO0CANI4I NiKapCbKUX npenapaTis imigasonis
Ta daykoHasony cnoctepirann y wramy, afantoBaHOro
[0 BUCOKMX KOHLEHTPaL,in TebyKOHa30/y, a MafovyTiu-
BUIA Ao dyHriunay daytpiadony wram C. albicans 1 npo-
AB/NAB BUPAXKEHY YYTAMBICTb AK 40 aHTUMIKOTUKIB rpynu
Tpuasonis (bpaykoHa3ony Ta BOPiKOHA30/y), TaK i 40 imi-
[,3a30/1bHOTO @aHTUMIKOTMKa MiKoHasony. Jna pesncreHT-
HOro [0 NPOMiKOHA30/y WTaMy MOKa3HUKWU YyTIMBOCTI
Maiie He 3MiHIOBaINCh.

Ha nigctasi po3mipiB 30H 3aTpUMKM

C.albicans 1(Mx) | an 0 45

C. albdcans 1 (1*)

C.albicans 1 (T)

C.albicans 1 () | 4

® Hicratan = Mi L] 3on WAy L]

pPOCTY HABKONO AMCKIB 3 BignoBigHUMMU
NPOTUrPMBKOBMMM MpenapaTammn LWTam
C. albicans 77 6yB BU3Ha4YeHUI AK pesnc-
TEHTHUN [0 HicTaTMHY Ta dayKoHasony,
YyTANBUIA [0 BOPIKOHA30/y Ta KNOTPUMa-
30/1y, Mano YyT/IMBUIA MiKOHa30/y Ta No-
MiPHO-CTIMKWIA A0 HiCTaTUHY.

Y BCiX WTaMiB L€l rpynu, agantoBaHnx
[0 BUCOKMX po3 yHriumais, dopmysa-
Nacb YyTAMBICTb A0 GAYKOHa30ny, ofHaK
nonynauii, AKi nacaxyeanucb y cepea-
OBULLAX 3 TPUA3OAbHUMU YHTILMAAMMU
(andeHoKkoHa30M10M Ta NPOMNiIKOHA30/10M)

PucyHoK 3 — Yytausictb agantoBaHux o ¢yHriyumais wramis C. albicans 1 po aHTUMI-

KOTUKiIB MeAUYHOro NPU3Ha4YeHHA.

Mpumitkn: (4), (T), (P), (Mx) aganToBaHuit Ao gudeHoKoHasony, TebykoHasony, bayTpi-
adony, npoxnopasy, BignosigHo; (Mn*), (I*) wram i3 cdopmoBaHOO PE3UCTEHTHICTIO 40

nponikoHasony, imasaniny, BianosiaHoO.

BTPayanun CBOK YYT/IMBICTb A0 BOPIKOHA-
30/ly, TO6TO B AaHOMY BMMaAKy crnocTe-
pirann GbopmyBaHHA NMepexpecHoi pesnc-
TEeHTHOCTI. Manouytamsi go QyHriunagy
TebyKoHazony rpubu HabyBanu CTiAKOCTI

camicans 77 0) |

C. albicans 77 (Mn) _M

c.swicens 7707 |

00 iMiga3oniB: MiKOHA30/1y Ta KAOTPUMa-
30/y. YyTAKMBICTb 40 KNOTPMMA30y TAaKOXK
3HMXKYBanacb y LWTamy, aganToBaHOMY
[0 imigasonbHoro ¢yHriunay nponikoHa-
30y, OO4HAK YYTIMBICTb A0 MiKOHA30/1y
nigsuLLyBanachb y WTaMiB, Pe3UCTEHTHUX
[o oyHriumais 3 rpynu imigasonis, Wo
niaATBEPAKYIOTb AaHi, nNpeacTaBneHi Ha
puc. 4.

Cnig, TakoX BIiAMITMTM, WO Yy pesuc-
TeHTHoro pno oyHriumay dnytpiapony
wTtamy C. albicans 77 3pocTana YyTimBicTb
00 MNMONIEHOBOrO aHTUOIOTUKA HiCTaTUHY,
O HAK 3HWMXKYBANACb YYTAUBICTb A0 MiKO-

Hicramu s mH L} L

PucyHoK 4 — Yytausictb agantoBaHux Ao ¢yHriumais wramis C. albicans 77 po aHTUMI-

KOTUKiIB MeAUYHOro NPU3Ha4YeHHA.

Mpumitku: (T), (), (Mn), (Mx) agantoBaHmit go TebykoHasony, daytpiadony, nponikoHaso-
Ny, npoxaopasy, BignosigHo; (4*), (1*) wTam i3 cdopmoBaHOI Pe3UCTEHTHICTIO A0 Ande-

HOKOHa3o0/1y, imasaniny, BignosigHo.

Hasony. OTKe, Ha MiAcCTaBi aHanisy 4yT-
JIMBOCTI UMX ABOX LUTAMiB MOXHa JimLe
CTBEPAKYBATW, WO Yy PE3UCTEHTHUX L0
OMPEHOKOHA30/y LWITAMIB MOKe 3’'ABns-
TUCb NepexpecHa CTilKICTb A0 TPWa3onis,
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OfHaK y NnepeBarkHOI KisIbKOCTi afanToBa-
HWX KYNbTYyp 3pOCTAE YyTAMBICTb A0 dAyKO-
Ha3o/y Ta/abo BopikoHa3ony. AoanToBaHi
abo pesncTeHTHI wTamu Ao imigasonis
Manu 6inbl BUCOKY YyTAMBICTb A0 imiga-
30/1iB MEANYHOTO NPU3HAYEHHSA.

3a gaHUMK AUCKO-ANdY3iiHOro MeTo-
A4y focniaxKeHHa yytamsocTi wrtam C. kru-
sei B 6yB BM3HAYEHUIN AK PE3UCTEHTHUN
80 $nyKoHas3ony, BUCOKO YyTMBUI [0
BOPiIKOHA30/y, YYTAIMBUIA [0 KAOTpUMa-
30/ly, Majio YyTIMBUIA A0 MiIKOHa3oNy Ta
HiCTaTUHY. BcTaHOBNEHO, LLO Y PE3UCTEHT-
HUX Ao dyHriumais wramis C. krusei B 36e-
piranacb cTilKicTb go Aaii daykoHasony, a
y WTamMiB afanToBaHMX A0 BUCOKMX 403
andbeHokoHaszony, dayTtpiadony, imasani-
Ny iCTOTHO 3MeHLUYyBafacb YyTAMBICTb A0
BOpiKOHa30/y abo po3BMBanach A0 HbOro
CTiMKICTb, AK Y LWITaMiB, PE3UCTEHTHUX [0
iMasaniny, Wo niaTBEepAXKYHTb MOKA3HU-
KW, HaBeZeHi Ha puc. 5.

3a pe3synbTaTamu eKcnepumeHTab-
HUX pocnigKeHb 6yno BCTaHOBAEHO, WO
wTtam C. krusei B, axkuli HabyB pe3ncTeHT-
HicTb Ao dnyTpiadony, BTpayas YyTIMBICTb
00 imigasonis (MikoHasony Ta KAoTpUMa-
30/ly); BTpaTa YyTAMBOCTI A0 HiCTaTUHY
crocTepiranacb y pesncTeHTHUX A0 GyH-
riumay imasaniny KaHgmpg, uboro smay. Ha
BiAMIiHY Big, KniHiyHMx wrtamis C. albicans,
Yy [aHOro BUAY PE3UCTEHTHUX A0 OyHri-
LUMAiB KaHAMA He BUABNEHO 3POCTAHHA
YYT/IMBOCTI A0 Pi3HUX 3a XimiyHOlO Byao-
BOIO Tpyn MpOTUrpUBKOBUX NpenaparTis,
332 BWHATKOM HE3HAYHOro MiABULLEHHSA
YYTAMBOCTI A0 KAOTpMmasony y wramy C.
krusei B, sknit 6yB CTinKMM A0 yHriumMay
TebyKoHazony.

Ha nigctaBi oTpumaHux pesynbTaTis
BCTaHOB/IEHi NeBHi 0cobAMBOCTI CNekTpy
QHTUMIKPOOHOI  aKTUBHOCTI  MeaUYHUX
AHTMMIKOTUKIB Ha wTam C. glabrata 91 Ta
Ha Pe3UCTeHTHI A0 QyHriunais nonyaayi
LbOro wWTamy. 3a HaWWMKW AaHUMKU KNi-
HiYHWMI i30naT C. glabrata 91 6yB nomipHO
YYTIMBUM A0 MIKOHA30AYy, HiCTaTUHY, YyT-
JNIMBUM [0 KAOTpMMasony, GyKoHasony
Ta BOPiKOHA30/1y.

PesynbtaTv pocnigkeHb, npeactas-
NIeHi Ha puc. 6 Ta puc. 7, 4&eMOHCTPYHOTb
nenki ocobansocTi bionorivyHoi Aji aHTUMI-
KOTWKIB Ha wTamu C. glabrata 91, apanTo-
BaHi 40 yHriumais. Mpu BU3HAYEHHI Npo-
TUMIKPOOHOI Aii MiKOHa3ony Ha wWTamu,
afanToBaHi Ao AndeHoKoHasony Ta ima-
3a/iny, BiAMIYanM yTBOpeHHsA “noagiliHol
30HW” LEHTPasibHOI, MEHLLOTO AiameTpy,
e Bigmivyanu noBHy BiACYTHICTb POCTY, Ta
6iNbL LWMPOKOI 30HU, A PeECTPYBANUN [0-

CUTb CKYAHWI picT. Kpim Toro, pesncTeHTHi Ao andeHo-
KOHa30/y KaHauAau 36epirann 4yTamBicTb 40 TPWMA30NiB
npuv aHanisi pesynbratie Yepes 24 rognHu,
48 roAMH 30Ha 3aTPUMKM POCTY MOBHICTIO «3apocTa-
Nnay, WO, OYEBUAHO, MOXKe CBIZUMTM Npo GopmMyBaHHSA

C. krusei B (Nx}

C. krusel B (1}

€. krusel B {fIn*}

C. krusei B (®*)

!

C. krusei 8 (T*)

C. krusei B (4°)

C. krusei B

-
3 =

i Hictatun B Mi B Knort [

PucyHoK 5 — Yytameictb agantoBaHux o ¢yHriumais wramis C. krusei B o aHTUMiKO-
TUKIB MeAUYHOro NPU3HAYEHHA.
Mpumitku: (4*) (T*), (®*), (Mn*), (I*) wTtam i3 cdbopmoBaHOO pe3ncTeHTHICTIO Ao ande-
HOKOHa3ony, TebykoHasony, daytpiadony, nponikoHasony, imasaniny, signosigHo; (Mx)
aanToBaHMI WTam A0 MPOXA0opasy.

C. glabrata 91 {Mx)

€. glabrata 91 (1)

€. glabrata 91 {Nn*)
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PUCyHOK 6 — YyTamsicTb agantoBaHux Ao ¢pyHriumais wramis C. glabrata 91
A0 aHTUMIKOTUKIB MeMYHOTOo NPU3HaYeHHA Yepes 24 rog,.
Npumitku: (T*), (Mn*) wram i3 cdopmoBaHO Pe3UCTEHTHICTIO A0 TebyKoHa3oAy, Nponi-
KoHa3oy, BignosigHo; (), (), (1), (Mx) aganToBaHmMit wWTam Ao avdeHokoHasony, GayTpi-
adony, imasaniny, npoxaopasy, BiANosiAHO; undpK, BUAINEHI NOMapaHYEBUM KObOPOM
— 30Ha MOBHICTIO 3apocTana nicna 48 rogunH iHKybauji.

C. glabrata 91 (Mx}

€. glabrata 91 (1)

C. glabrata 91 {Nn*)

C. glabrata 91 (&)

€. glabrata 91 (T*}

C. glabrata 91 (0}

C. glabrata 91

Hictavun 0 [ ] [ ] ]

PucyHok 7 — Yytamsictb agantoBaHux o ¢pyHriumais wramis C. glabrata 91 po aHTUMI-
KOTUKIB MeU4HOro NpusHaveHHn yepes 48 rog.

Npumitku: (T*), (Mn*) wram i3 cdopmoBaHO PE3UCTEHTHICTIO A0 TebyKoHa30Ay, Nponi-
KoHa3oy, BignosigHo; (), (), (1), (Mx) aganToBaHmit wWtam o avdeHokoHasony, GayTpi-
adony, imasaniny, npoxnopasy, BignosiaHo; undpu, BUAineHi NnoMapaHYeBUM KOIbOPOM
— 30Ha MOBHICTIO 3apocTana nicna 48 rogunH iHKybauji.

nepexpecHoi Pe3snCTeHTHOCTI y NOnyaALjii 3 NoBibHUM
pocTom. Cxoa ocobnusicTb Byna TaKoXK BCTaHOBAEHA
Y CTilAKOro go imasaniny wramy, ogHaK TiIbKM CTOCOBHO
BOpPiKOHa30/y. Kpim Toro, 3adikcoBaHO 3pOCTaHHSA YyT-
JIMBOCTi 10 NPOTUTPUOKOBUX NpenapaTisB y pe3ncTeHTHOI
00 oyHriunay daytpiadony C. glabrata, a TakoX NoKasa-

O4HaK 4yepes
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HO NiABULLEHHA YYTAUBOCTI A0 GYKOHA30AY Yy LWTaMiB,
AKi HabynM pe3ncTeHTHOCTI A0 GYHriLMAiIB NpPoniKoHa30-
Ny Ta imasaniny.

BucHoBKM.

OTKe 33 pesy/nbTaTaMu eKCnepumMeHTaIbHUX 0Ci-
OKEeHb MOXKHa 3p0OUTU BUCHOBOK, LWO KAiHIYHI i301ATH
Candida spp. nicna HabyTTa pesncTeHTHOCTI 40 ¢yH-
riumMais No pisHOMy pearyloTb Ha Ailo npenapaTis, AKi
BMKOPUCTAIOTLCA Y MEAMYHIA NPaKTUL ANA NiKyBaHHA
rpubKoBMX iHbEKLi. B oaHUX BMNaaKax, K A0 NpUKia-
ay 3 C. albicans 1, nicna apganTauii go ¢yHriumay gude-
HOKOHa3ony HabyBana pe3nCTEHTHICTb [0 TPWasonis
(bnykoHasony Ta BOpiKOHAa30/y Ta 3MeHLWyBana 4yT-
NMBICTb 40 KNOTpuMasony. BogHovac y wramis gaHoro
i301ATY, aflanTOBaHUX [0 BUCOKUX KOHLEHTpALih yH-
riunais imasaniny Ta npoxaopasy (noxiaHux imigasony)

nepexpecHoi Pe3sncTeHTHOCTI A0 MeAUYHUX AHTUMIKOTU-
KiB, MOXiZAHWX TPMA30ay Ta iMiga3ony, He BCTaHOBJIEHO,
HaBMaKW, Bigmiyanocb ii 3pocTaHHA. MNoaibHi 3aKoHo-
MipHOCTI 6ynn BigMmiveHi i B iHWKNX KNiHIYHMX i30N1ATiB —
36y HMKIB rpMbKOBUX iHDEKLA.

B uinomy npouec aganTtauii 4aHOi rpynu mikpoopra-
Hi3miB 00 YHriLMAHUX NpenapaTiB CynpoBOAKYyBaBCA
AK GOpPMYBaHHA NepexpecHoi Pe3nCTEHTHOCTI A0 Nikap-
CbKMX aHTUMIKOTUKIB, TaK i NiABULLEHHAM iX YYyTAMBOCTI.

MepcnekTMBM NOAANBLUNX [OCNIAMKEHD.

BcTaHOBMTW MNeBHi 3aKOHOMIpHOCTI abo Kopenauji
WOAO MPOTUMIKPOBOHOI aKTMBHOCTI aHTUMIKOTMKIB Ha
WTaMKN KaHAMA, Y AKX GOPMYETLCA PE3UCTEHTHICTb A0
bYHriUMAIB HEMEANYHOTO NPU3HAYEHHSA, A03BOAUTb NO-
Janblle BUBYEHHSA LbOTO NUTAHHA Ha bBinbl penpeseH-
TATUBHIW KiNbKOCTI WTamiB..
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OOCNIAXEHHA YYTIUBOCTI ABDANTOBAHUX OO0 ®YHriuualiB KAHOUA A0 NIKAPCbKUX NMPOTUTPUBKO-
BUX MPENAPATIB

lpuH30BCbKa A. A., Bo6up B. B.

Pestome. Mema: 3’acyBaT MOXANBICTb GOPMYBAHHA NEPEXPECHOT PE3UCTEHTHOCTI 0 aHTUMIKOTUKIB MeAUYHO-
ro NpM3HayYeHHA y Wrtamis rpubis, afanToBaHMX A0 BUCOKMX KOHLEHTPALiA GyHriLmais.

06’ekm i MemoOu. B poboTi BUKOpUCTOBYBanW KAniHiuHi isonatu C. albicans, C. krusei Ta C. glabrata 3 Konekuy,i
KY/ZIbTYp MiKpoopraHiamis Kadegpu mikpobionorii Ta napasutosorii 3 ocHoBamu imyHonorii HMY imeHri 0.0. boro-
Mmosibus Ta bakTepionoriyHoi nabopatopii BHMY imeHi M.I. Muporosa. [locnigKeHHA YyTIMBOCTI KAIHIYHUX WTamiB
rpubis poay Candida nposoamnu po: audbeHokoHasony, TebykoHasony, daytpiadony, nponikoHasony (noxigHi
1,2,4-Tpuasony) Ta imasaniny, npoxnopasy (noxiaHi imigasony).

[na susHaveHHA MIK byHriLmAiB BUKOPUCTOBYBaIM METOZ, CePiliHMX pO3BeAeHb NPenapaTiB y PiAKOMY MNOXKUB-
Homy cepenoBuLLi AM3. Poboui po3umHM A0CAiAHWUX NpenapaTiB roTyBaan B acenTUYHUX YMOBaX LUIAXOM pO3Be-
OEHHA TOYHOI HAaBaXKKM KPUCTANiYHMX MOPOLLKIB, HaAaNi roTyBasnM ABOKPATHI NOCNiIAOBHI pPO3BEAEHHA PO3YMHIB
¢byHriumais B pigkomy cepeaosuui AM3. Po3BeaeHHA NOBTOPOBaAM A0 KiHLEBOI KOHUEHTpaLii GyHriumay.

[Ons BU3HaueHHA 3HavyeHb MUK Bigbupanu npobu no 0,1 ma 3 NPobipKKN 3 KOHUEHTPALLIED QYHTILMAHUX Npe-
naparis 1,0xMIK, ycix npo6ipoK 3 BULLLOI KOHLEHTPALLED Ta NPOBIPKKN 3 MO3UTUBHUM KOHTPOJIEM. BMCiBann KOXKHY
npoby Ha 4Yawku MeTpi 3 cepegosuLem Cabypo, NOTIM NOMILLLAAN YaLLKK Y TepMmocTaT npu Temnepatypi 35°C. Pe-
3yNbTaTW OLiHIOBANM Yepes 24 rog Ta NOBTOPHO Yepes 48 rog,

[Ons BUBYEHHA MOXKAMBOCTI GOPMYBaHHS MepexpecHoi CTIMKOCTI 40 NPOTUrPUBKOBMX NpenapaTtie MeauyHoro
NPW3HAYEHHA Y KaHAMA, AKi 6yNM afanToBaHi L0 BUCOKMX KOHLLEHTPAL,i CiIbCbKOrocnogapcbKux GyHriLmais, npo-
BeAEeHO BM3HAUYEHHA YYTIMBOCTI BUXiAHWX Ta NacaxoBaHWUX WTamis rpubis pogy Candida oo Halibinblu NOWMPEHMX
B MEeAMYHIN NPaKTULi aHTUDYHTaNbHUX NpenapaTis — NoXiaAHWUX iMigasony, TprMasony Ta NosliEHOBUX aHTUBIOTHKIB.

Pe3ynbmamu. 3pobneHo aprymeHToBaHe NPUNYLLEHHS, WO KAiHiYHi i301aTK rpnbis poay Candida, ski B npoueci
aganTauii Ao ¢yHriumMais Habyan Pe3nCTeHTHOCTI A0 AaHUX NpenapaTiB, MOXKyTb GOpMyBaTM NepexpecHy pesuc-
TEHTHICTb 40 MeAWYHMUX aHTUMIKOTMKIB 3 rpynn TpUasonis Ta imigasonis. BogHouyac oTpUMaHi AaHi TaKOXK CBigYaTb
npo Te, WO Naca*KyBaHHA rpubis y cepenosuiLLax 3 GyHriLUMAaMM MOXKe NPU3BOAUTM A0 3pOCTaHHA YYTAMBOCTI A0-
CRigXeHMX MiKpoopraHiamis 4o NpoTUrpMbKoBMx npenaparTis. Lie 3ymostoe HeobxiaHICTb GOpMyBaHHA HOBMX Nifa-
XOZiB 4,0 MOHITOPUHTY Ta KOHTPOJIIO 3@ BUKOPUCTAHHAM QYHTILMAIB Y CiNbCbKOMY rOCnofapcTsi i iHWmnx chepax, wob
YHUKHYTU PO3BUTKY PE3UCTEHTHOCTI Y rPUBIB, AKA MOXKe YCKNAAHUTU NiKyBaHHA rpMOKOBUX 3aXBOPOBaHb Yy Meauy-
Hil npakTuui. OTpMMaHi pe3ynbTaTv BaXKAMBI A1A PO3POOKM HOBUX CTPATETiN NiKyBaHHA rpMHKOBUX 3aXBOPIOBAHb Ta
KOHTPO/I10 32 BUKOPUCTAHHAM aHTUMIKOTMKIB B MEAUYHIM NPaKTUL i CiIbCbKOrOCNOAapCbKOMY CEKTOPI.
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BucHogKu. B uinomy npouec aganTauii 4aHoi rpynun mikpoopraHiamis 4o GpyHriuMaHMUX npenapariB CynpoBOAKY-
BaBcA AK GOPMYBaHHA NepexpecHoi Pe3UCTEHTHOCTI 40 NiKAPCbKUX aHTUMIKOTUKIB, TaK i NiABULLEHHAM iX YyTANBO-
CTi.

Knto4oBi cnioBa: aHTUMIKPOOHA pe3nCTEHTHICTb, GYHTiLMAN, MIKPOCKONIYHI rpubu, KaHANA03M, TPUOKOBI IHPEK-
uii, azonbHi npenapaty, C. albicans, C. krusei Ta C. Glabrata.

STUDY OF THE SENSITIVITY OF CANDIDA ADAPTED TO FUNGICIDES TO MEDICAL ANTIFUNGAL DRUGS

Hrynzovska A. A., Bobyr V. V.

Abstract. Objective: to investigate the potential for developing cross-resistance to medical antifungals in fungal
strains adapted to high concentrations of fungicides.

Object and Methods. The study utilized clinical isolates of C. albicans, C. krusei, and C. glabrata from the
microorganism culture collection of the Department of Microbiology and Parasitology with Fundamentals of
Immunology at Bogomolets National Medical University and the bacteriological laboratory of Vinnytsia National
Medical University named after M.I. Pirogov. The sensitivity of clinical Candida strains was tested against
difenoconazole, tebuconazole, flutriafol, propiconazole (1,2,4-triazole derivatives), and imazalil, prochloraz
(imidazole derivatives).

The Minimum Inhibitory Concentration (MIC) of fungicides was determined using the serial dilution method
in liquid AMZ nutrient medium. Working solutions of the test substances were prepared under aseptic conditions
by diluting precise amounts of crystalline powders, followed by preparing twofold serial dilutions of the fungicide
solutions in AMZ liquid medium, continuing the dilutions to the final fungicide concentration.

To determine the Minimum Fungicidal Concentration (MFC) values, samples of 0.1 ml were taken from the tube
with the fungicide concentration of 1.0xMIC, all tubes with higher concentrations, and the positive control tube.
Each sample was plated onto Petri dishes with Sabouraud agar and incubated at 35°C. Results were evaluated after
24 hours and again after 48 hours.

To study the possibility of developing cross-resistance to medical antifungal drugs in Candida strains adapted to
high concentrations of agricultural fungicides, the sensitivity of the original and passaged Candida strains to the most
commonly used antifungal drugs in medical practice—imidazole, triazole derivatives, and polyene antibiotics—was
assessed.

Results. It is reasonably hypothesized that clinical isolates of Candida species,, which developed resistance to
these preparations during the adaptation process, can form cross-resistance to medical antifungals from the triazole
and imidazole groups. At the same time, the obtained data also indicate that the passage of fungi in environments
with fungicides can lead to an increase in the sensitivity of the studied microorganisms to antifungal drugs. This
necessitates the development of new approaches to monitoring and controlling the use of fungicides in agriculture
and other sectors to avoid the development of fungal resistance, which can complicate the treatment of fungal
diseases in medical practice. The obtained results are important for developing new strategies for the treatment of
fungal diseases and for controlling the use of antifungals in medical practice and the agricultural sector.

Conclusions. Overall, the adaptation process of this group of microorganisms to fungicidal preparations was
accompanied by the development of both cross-resistance to medical antifungals and an increase in their sensitivity.

Key words: antimicrobial resistance, fungicides, microscopic fungi, candidiasis, fungal infections, azole
preparations, C. albicans, C. krusei, and C. Glabrata
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