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SUMMARY

Yeast-like fungi of the Candida genus are causative agents of the infectious lesions of the mucous membrane of the gastrointestinal, respiratory, urogenital tracts and
skin of mammals, sepsis, and disseminated infection in birds. The search and testing of multilevel algorithms for biofilm identification when exposed to chemothera-
peuticand disinfectant drugs for blocking the synthesis or destruction of the intercellular matrix in the development of superficial, deep and systemic candidiasis of
animals are relevant for developing and improving diagnostic and antiepidemic measures. It was established that the formation of biofilm heterogeneous structure
comprises multiple stages implementing the processes of intercellular communication due to the synthesis of a polymer matrix composites. Optical microscopy
revealed a three-dimensional structure of biofilms in the form of a dense network consisting of yeast cells, hyphal and pseudohyphalic forms surrounded by an
intercellular polymer matrix. Candida spp. pathogenicity factors contribute to infection of susceptible species due to adhesion, invasion, secretion of hydrolases,
and dimorphism. Formation of mono-species or poly-species biofilms of microorganisms, including Candida spp., causes the development of superficial, deep and
systemic candidiasis. Detection of a large amount of yeast and micellar phases in C. albicans and C. africana isolates was a differential sign of a significant degree
of colonization of the mucous membranes of the larynx, pharynx, and tonsils in case of localized and systemic lesions in pigs. The results of studies of the biofilm
heterogeneous structure and phenotypic signs of yeast-like fungi can be used in a comparative study of hiological characteristics and the identification of common
patterns and differential signs of microorganisms, optimization of mycological diagnostics, and also in the development of antimycotic drugs.
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PE3IOME

[llpox>kenogo6Hbie rpubbl pona Candida — Bo36yauUTENN MHOEKLMOHHOIA NATONOTMN CAM3NCTON 060MI0YKH KeNYAOYHO-KILIEYHOTO, AbIXaTeNbHOTO,
YPOTeHNTaNbHOr0 TPAKTOB I KON MIIEKOMUTAHOLLVX, CEMCICa U AUCCEMUHMPOBAHHOI MHGeKLMI NTIL,. [1n5 pa3paboTKu 11 COBEpLUIEHCTBOBAHMSA AUArHOCTAYECKIX
11 POTUBO3MU300TUYECKIX MEPONPUATMIA aKTYanbHOCTb NPEACTABAAIOT U3bICKAHME U anpobaLua MHOrOYPOBHEBbIX ANTOPUTMOB MHAMKALMM G1ONNEHOK Npy
BO3ZeViCTBUN XMMIOTEPANEBTUYECKMX 1 Ae3MHGULMPYIOLLINX NpenapaToB AnA 6MOKMPOBKM CMHTE3a UM Pa3pyLLEHIA MEXKIIETOUHOro MaTPUKCa Npu pasBUTIM
MOBEPXHOCTHBIX, FTYOOKUX 1 CUCTEMHBIX KaHANA030B XUBOTHBIX. YCTAaHOBNEHO, UTO GOPMUPOBAHME TeTePOreHHOI CTPYKTYpbl 6UONNEHOK NpeacTaBaseT
€060ii MHOXXECTBO TaNoB, PeAN3yHLLYMX MPOLECChI MEXKNETOUHOI KOMMYHMKALMIA 3a CYET CUHTE3a NONMMEPHOTo MaTpuKca. Mpu onTryeckoit MUKpockonuu
BbIABNIANACh TPEXMEpHaA CTPYKTYpa G1onneHoK B BUAE MNIOTHOIA CETH, COCTOALLIEI 13 APOXCKEBbIX KNETOK, FMAbHbIX U NCEBAOrUGANbHBIX GOPM, OKPYXKEHHbIX
MEXKIIETOUHBIM MONMMEPHBIM MaTPUKCOM. [Py MHOULMPOBAHMM BOCTPUMMUMBBIX BULOB 3THONOTMYECKas 3HAUMMOCTb GaKTOpoB naToreHHocT Candida spp.
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peanu3yeTca 3a CYET aAre3uni, NHBa3UM, CeKpeLMM rnaponas, Aumopdusma. DopmupoBaxie MOHOBHUIOBbIX WM NONMBUAOBbIX G1OMNIEHOK MUKPOOPraHI3MOB,
B TOM uncne u (andida spp., 06ycnoBAMBAIOT pa3BHUTIE MOBEPXHOCTHBIX, Y6OKYX 1 CUCTEMHBIX KaHAUE030B. MHAMKALWA B 6ONIbLIOM KONMYECTBE APOXKEBOI
n MuLennapHoii a3 y usonaros C. albicans v C. africana aBnanacb AudhepeHLManbHbIM NPU3HAKOM 3HAUUTENBHOIA CTENeHN KONOHN3ALMI CIU3UCTBIX
000/104€eK ropTaHy, IMOTKM 1 MUHAANMH NPY JOKaNbHbIX M CUCTEMHBIX NATONIOTAAX CBUHEN. Pe3ynbTaTbl MCCef0BaHMUii reTeporeHHoi CTPYKTypbl GrionneHok
1 GEHOTUNIYECKUX NPU3HAKOB APOKKENOA00HBIX FPUOOB MOTYT GbiTb MCMONb30BAHbI NPU CPABHUTENILHOM U3yYEHIM GUONOTMYECKIX CBOTICTB 1 BbIABNEHIN
06LLMX 3aKOHOMEPHOCTEi! 1 nddepeHLIManbHbIX MPU3HAKOB MUKPOOPraH3MOB, ONTUMU3ALIMM CXEMbI MUKONOTAYECKOI AUATHOCTUKM,  TaKXKe NPy pa3paboTke

AHTUMUNKOTUYECKIX NpenapaToB..

KnioueBble cnoa: MUKpocKonuyeckne FpMﬁbI, (andida Spp., 6VIOI'IJ1€HKI/I, ONTUYeCKadA NJI0THOCTb, MUKPOCKONKA, ¢EHOTMI1VN€(KI/I€ NPU3HaKK.
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INTRODUCTION

Of the numerous representatives of the genus Candida,
20 species were recognized as pathogenic for humans, of
which, primarily, C. albicans, C. tropicalis, C. krusei, C. kefyr,
C. glabrata, C. guilliermondii, C. parapsilosis [1, 2]. The etio-
logical structure of candidiasis in farm animals is represen-
ted by C. albicans and C. tropicalis species recovered from
the calves’ pancreas (48.07%) and rennet (75.0%), piglets’
stomach (88.26%), as well as the oral cavity, esophagus
and crop of young birds with pathological legions [3-5].
Clinical signs of the disease are observed in the early post-
natal period (up to 2 months of age) in particular, curd-
like patches were detected in the stratified squamous epi-
thelium of the digestive system (oral cavity, esophagus,
paunch, reticulum, omasom) of calves and lambs [3]. In
case of mastitis in cows, C. krusei (n = 14) and C. parapsilosis
(n = 6) were more often detected in milk samples, C. lipo-
lytica, C. lusitaniae, C. neoformans - less often [6]. Visceral
candidiasis of piglets, which occupies the 4" place in the
nosological profile of infectious lesions, reaches 13.36%
occurrence frequency [4]. 13 (68.42%) C. albicans and
6 (31.57%) C. africana microorganism cultures were re-
covered from tissues and organs of pigs with clinical signs
of candidiasis and identified [7]. In case of candidiasis in
silver-black foxes, dogs and cats, both minor lesions of the
skin and epidermic derivatives, as well as intense lesions in
the form of ulcers, hyperkeratosis and local alopecia are re-
ported [8]. Chickens and poults younger than one month
of age are the most susceptible to this disease. Subacute
or chronic candidiasis occurs in birds in the form of epide-
mic outbreaks. As a rule, it is characterized by formation
of intense patches of yellow-gray color, tightly attached to
the mucous membrane of the esophagus, crop, and when
removed, ulcerative foci are exposed [9, 10].

In case of chronic infectious lesions of farm animals,
direct correlations were established between the mor-
phological and densitometric characteristics of biofilms
and the effect of virulence factors of microorganisms,
including yeast-like fungi [11-14]. Candida spp. viru-
lence factors contribute to infection of susceptible spe-
cies due to synthesis of polymeric substances, transcrip-
tional control of adhesion, invasion, and secretion of toxins

[15-20]. Heteromorphic population growth promotes

the interaction between microorganisms of various taxo-
nomic groups, which leads to virulence and protection of
microbial biofilms from the immune response, as well as

from the effects of chemotherapeutic drugs and disinfec-
tants [21-24]. Candida spp. mRNA transport is inactivated

when the so-called She3 adapter is removed, the hyphae

become specifically defective, which is accompanied by
atypical growth and decrease in the ability to damage the

monolayer of epithelial cells due to a decrease in the pro-
duction of phospholipase B [25, 26]. The search and testing

of multilevel algorithms for biofilm identification when

exposed to chemotherapeutic and disinfectant drugs for
blocking the synthesis or destruction of the intercellular
matrix in the development of superficial, deep and syste-
mic candidiasis of animals are relevant for developing and

improving diagnostic and anti-epidemic measures.

The research is aimed at studying the morphometric
and densitometric characteristics of biofilms and pheno-
typic characteristics of reference strains and isolates of
Candida spp. yeast-like fungi.

MATERIALS AND METHODS

Strains. Biofilms and phenotypic characteristics were
tested using reference strains (ATCC): Candida albicans
ATCC 14053, C. parapsilosis ATCC 22019, C. tropicalis
ATCC 750, C. glabrata ATCC 66032 [27]. The isolates we
recovered were also used in the experiments: C. albicans
and C. africana - from pig lymph nodes in case of loca-
lized or systemic lesions; C. albicans and C. tropicalis from
vaginal mucus of dogs in the presence of clinical signs of
candidiasis, as well as C. humilis from compound feed for
cattle [7, 25].

Nutrient media. The microorganisms were cultured
for 24 hours at 37, 42, 45 °C using liquid and dense nutri-
ent media: cardiac broth (HiMedia, India), Sabouraud
(bioMerieux, France), HiCrome Candida Agar (HiMedia,
India). The presence of chlamydospores was taken into
account when inoculating a 24-hour culture of microor-
ganisms from Sabouraud’s culture medium on the rice
agar (API-System R.A.T,, France) and cultivated for 24 hours
at25°C.
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To assess the formation of germ tubes, the microorga-
nisms were cultured in 1.0 ml of meat-peptone broth (MPB)
with addition of cattle blood serum (FSUE NPO Microgen,
Russia) at 37 °C for 5 hours.

Phenotypic characteristics. The morphological, cultural,
and biochemical properties of microorganisms were stu-
died by conventional methods using differential diagnos-
tic media and test systems [1, 2].

For recording the enzymatic features, Candida spp. day-
old culture (optical density OD = 0.5 at a wavelength of
620 nm) was added to the wells of the HiCandida Identi-
fication Kit test system (HiMedia, India) and cultured for
48 hours at 22.5 °C.

Morphometric parameters of biofilms. Microorganisms
were cultured for 48 hours at 37 °C on coverslips placed in
Petri dishes with 20 ml of MPB and 5 ml of suspension of
18-hour cultures of microorganisms at a concentration of
105 CFU/ml.The preparations were fixed with a mixture of
alcohol and ether (1:1) for 10 min; they were stained with
a 0.5% methylene blue solution [12, 21].

The preparations were tested using optical microscopy
BIOMED MS-1 Stereo (Russia).

Densitometric characteristics. When cultured in a 96-
well plate (Medpolymer, Russia), the crystal violet binding
(HiMedia, India) reading was performed using an Immu-
nochem-2100 photometric analyzer (HTI, USA). The test
samples (optical density OD 580, wavelength 580 nm)
were added to the wells of the plates and cultured at 37 °C

C. tropicalis

Fig. 1. Morphology of yeast-like fungi.

for 48 hours. Then, the liquid was removed, the wells were
washed three times with 200 ul of phosphate-buffered
solution (pH 7.3). Fixation was performed using 150 pl of
96% ethanol for 15 min. Then the plate wells were dried for
20 min at 37 °Cand a 0.5% solution of crystalline violet was
added, and again placed in a thermostat at 37 °C. In 5 min,
the contents of the wells were removed, washed three
times with 200 pl of phosphate-buffered saline (pH 7.2)
and dried. The dye was eluted with 200 pl of 96% ethanol
for 30 min [16, 28, 29].

The data obtained during the experiment were
processed by the method of statistical analysis using
Student’s t-test, the results were considered reliable at
p <0.05.

RESULTS AND DISCUSSION

Candida spp. — gram-positive oval-based budding
microorganisms. The yeast phase of the tested species was
represented by relatively large round or oval budding cells
of 2.0-6.0 um in diameter, the micellar phase - by groups
of round small cells (blastospores) and hyphae.

The microorganisms C. albicans and C. humilis had round,
subspherical, elliptical cell shapes 2.0-3.0 x 3.0-5.0 um in
size.

The C. parapsilosis and C. tropicalis cells of
1.7-2.0 X 3.0-4.0 um in size had an elliptical elongated
shape; mycelium with groups of round small cells -
blastospores — was also detected (Fig. 1).

h

B £

C. humilis

Growth at 25 °C for 24 h in Sabouraud medium. Methylene blue staining, oc. 10, ob. 100, immersion.

Puc. 1. Mopgonozus 0poxxeno0ob6Hblx 2pubos.

Pocm npu 25 °C 24 4 Ha cpede Cabypo. OkpawiugaHue MemusieHo8bIM CUHUM, OK. 10, 06. 100, uMmmepcus.
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Detection of a large number of yeast and micellar phases
in C. albicans and C. africana isolates recovered from pig
lymph nodes was a differential sign of a significant degree
of colonization of the larynx, pharynx, and tonsils mucous
membranes in case of localized and systemic lesions.

The population immobilization of the mature three-
dimensional biofilm architectonics, in accordance with the
cultivation conditions, was accompanied by co-aggrega-
tion between yeast and micellar forms combined by an
exocellular matrix, the presence of long branched hyphal
forms forming dense pseudomycelial structures. In their
central part microcolonies had a more pronounced matrix,
therefore, yeast forms and mycelium were not detected.
In the peripheral part of biofilms, as a rule, the exocellular
matrix gradually thinned, individual yeast cells and micel-
lar forms were detected (Fig. 2).

When evaluating densitometric caracteristics of the
microorganism culture, it was found that after 48 hours  Fig. 2. Morphology of yeast-like fungi C. tropicalis.
of C. albicans (ATCC 14053) and C. africana cultivation  Growth at 37 °C for 48 h in Sabouraud medium.
recovered from the lymph nodes of piglets, the abso-  Methylene blue staining, oc. 10, ob. 100, immersion.

lute optical density values (OD,) were in the range from o, 5 v10ph05102u5 dposmenodobrbix 2puboe C. tropicalis.
0423 £0.11 to 0.510 £ 0.19, and the intensity of biofilm 5/, npu 37 °C 48 4 Ha cpede Cabypo. Okpawuearue

formation (ID) was 2 03-04. _ MemuseHo8bIM CUHUM, OK. 10, 06. 100, uMmepcus.
C. albicans and C. tropicalis microorganisms (ATCC 750)

isolated from dog vaginal mucus discharge, as well as

C. glabrata (ATCC 66032), C. parapsilosis (ATCC 22019) C. humilis isolated from cattle feed demonstrated OD
demonstrated OD, values ranging from 0.331 £ 0.10 to  in the range from 0.208 + 0.06 to 0.288 + 0.11, and the
0.350 £ 0.08, biofilm formation intensity /D > 0.2-0.3. intensity of biofilm formation ID = 0.1-0.2 (Table 1).

Table 1

Densitometric parameters of Candida spp. biofilm formation

Tabnuua 1

lleHcuTomeTpuyeckue nokasarenu GpopmupoBanua 6uonnexok Candida spp.

Optical density (n=3)
Microorganism species
0D.* A (0D~ 0D, )** Intensity (ID)***

Reference strains

C tropicalis, ATCC750 0.342£0.13 0.244+0.22

C glabrata, ATCC 66032 0.288 £0.11 0.130+0.20

Isolates

C.dficana 0510019 04124028
(piglets’ lympnode)

C tropicalis ‘ 03312010 021320.19
(dogs'vaginal mucus discharge)

*0D, — optical density of the sample (onTuyeckas nnoTHocTb 06pasiia);

** 0D, — optical density of the control sample (onTuueckas NOTHOCTb KOHTPOAA);

**¥ |D — intensity: the difference between the optical density of the test sample (ODs) and control sample (0Dc)
(MHTEHCUBHOCTb: PA3HOCTH ONTUUECKOI NOTHOCTH Uccneayemoro obpasua (OD) v kontpons (OD,).
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Table 2
Phenotypic characteristics of Candida spp.

Tabnuuya 2
OeHoTunuyeckue npusHaku Candida spp.

Distinctive features in 48 hours of cultivation

Microorganism species Sabouraud medium

HiCrome Candida Agar
Reference strains
C. albicans, ATCC 14053 + + + Green colour of the colony
C. tropicalis, ATCC 750 + 3 + Blue colour of the colony
C. parapsilosis, ATCC 22019 + + - Pale-pink colour of the colony
C. glabrata, ATCC 66032 + + + Cream colour of the colony
Isolates

¢ ‘alblcalns + + + Green colour of the colony
(piglets’ lympnode)
5 albl,cans. . + + + Green colour of the colony
(dogs'vaginal mucus discharge)
C. africana

— + + - Green colour of the colony
(piglets’ lympnode)
g troelcall's . + + + Blue colour of the colony
(dogs'vaginal mucus discharge)
C humilis .
(compound feed) + + + Lilac colour of the colony

«+» — species characteristic growth is observed (npucyTcTBIe XapakTepHoro Ans BUAa pocTa);
«—» — species characteristic growth is not observed (oTcyTcTBYE XapaKTepHOro AnA BUAA pocTa).

The reference strains and isolates of yeast-like fungi  processes due to the synthesis of a polymer matrix. The
Candida spp., regardless of the recovery source, demon-  results of studying biofilm heterogeneous structure as well
strated growth characteristic of the species, which is quite  as phenotypic characteristics and virulence factors of the
informative in terms of sediment, film and the degree of = microorganisms expand the boundaries of general and
medium turbidity. Taking into account the microorganism  special mycology, and the applied aspects - the identifi-
temperature tolerance, the distinctive feature of C. afri-  cation of common patterns and differential characteristics
cana and C. parapsilosis species was the absence of growth  of saprophytes, potentially pathogenic and pathogenic
on Sabouraud medium at 45 °C (Table 2). microorganisms - have potential for optimization of the

HiCrome Candida Agar contains chloramphenicol, infectious lesion diagnostics and the development of an-
which inhibits the growth of concomitant microorganisms.  timycotic preparations.

The presence of chromogenic substrates makes it possible

to differentiate Candida spp. colonies, which differed in CONCLUSION

size, shape, color and consistency. At the same time, the When studying the morphometric parameters of Can-
C. albicans and C. africana species formed similar green  dida spp. fungi reference strain and isolate biofilms the
colonies on this medium. three-dimensional structure of biofilms was detected

A diagnostic test for the presence of germ tubes, the  in the form of a dense network consisting of yeast cells,
precursors of true hyphae, makes it possible to differenti-  hyphal and pseudohyphal forms surrounded by an inter-
ate fungi in 5 hours of microorganism cultivation in MPB  cellular polymer matrix. Detection of a large number of
at 37 °C with the addition of cattle blood serum.The tested  yeast and micellar phases in C. albicans and C. africana
types of microorganisms were able to grow in the pres- isolates was a differential characteristics of a significant
ence of cycloheximide, no urease activity was observed.  degree of colonization of the larynx, pharynx, and ton-
C. africana, unlike other species, fermented sucrose and  sils mucous membranes in case of localized and systemic
raffinose and did not ferment maltose, C. humilis and  lesions of pigs.

C. glabrata species did not ferment galactose and xylose,
C. parapsilosis did not ferment trehalose (Table 3). REFERENCES
In general, the formation of a heterogeneous structure 1. Moroz A. F, Snegireva A. E. Methodical recommendations. Fungi
. . . . . of the genus Candida (methods of isolation, identification at the species
of Candida spp. fungi reference strain and isolate biofilms

level and determination of sensitivity to antifungal drugs) [Metodiches-
represents many stages of intercellular communication  kie rekomendacii. Griby roda Candida (metody vydeleniya, identifikacii
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Table 3
Differential diagnostic characteristics of Candida spp.

Tabnuua 3
InpdepeHunanbHo-guarHocTuueckue npusnaku Candida spp.

Carbonhydrates

Species

Melibiosis

Suchrose
Galactose
Cellobiose
Inositol
Trehalose

Reference strains

C. albicans, ATCC 14053

C. parapsilosis, ATCC 22019

Isolates
C. albicans
(piglets'lympnode) B - - + + + - - + _ _ +
(. africana
(piglets'lympnode) B - - - + + - - + _ i i
C. humilis
(compound feed) - - - + - + - - + _ _ i

«+» — positive test result (nonoxwTenbHblil Tect);
«—» — negative test result (oTpuLaTenbHbIi TecT).

na vidovom urovne i opredelenie chuvstvitel'nosti k protivogribkovym
preparatam)]: approved by the Director of NIIEM, after N. F. Gamalei RAMS
20.04.2009. M.; 2009; 58 p. Available at: http://www.himedialabs.ru/down-
load/fungal.pdf. (in Russian)

2. Sutton D, Fothergill A., Rinaldi M. Identifier of pathogenic and op-
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trans. from English K. L. Tarasova, Yu. N. Kovaleva; ed. by I. R. Dorozhkova.
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ka-meri-borbi.php. (in Russian)
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