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Microbial interactions in Staphylococcus aureus—Candida albicans dual-species biofilms is a relevant
research topic given the significant contribution of these microorganisms to hospital-acquired infections.
Therefore, the purpose of our investigation was to study the interaction of opportunistic C. albicans and
S. aureus in vivo and in vitro, both with the participation of normal microflora and in mice with antibacterial
dysbiosis. The study of mentioned interactions was carried out on 100 white male mice weighing
approximately 18 grams in vivo and using smears prepared from the grown mixed cultures of C. albicans and
S. aureus and the Japan JEM 1400 transmission electron microscope for the purpose of electron microscopic
study of microorganisms in vitro. Healthy mice forming control groups and mice with antibiotic-induced
dysbiosis (after introduction of vancomycin, gentamicin, ampicillin) were divided into groups to create a
mono- and associative infection: I group was given 1x107 CFU of C. albicans, Il group — 1x10% CFU of
S. aureus, and Ill group — a mixture of specified concentrations of C. albicans and S. aureus in the same
proportion. Microorganisms causing monoinfection were being isolated from the body of animals treated with
antibiotics till the end of the experiments in large quantities unlike in case of the healthy mice. Co-inoculation
of these microbes in the same dose to animals (co-infection), which were injected with antibiotics, turned out
to be fatal for them, whereas an adhesive bond was seen between the cells of C. albicans vs. S. aureus in vitro.

As can be seen, such bacterial-fungal co-infection reduce substantially the effectiveness of antibiotic
therapy and the likelihood of successful treatment and can not be ignored when choosing the appropriate
treatment.
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CANDIDA ALBICANS TA STAPHYLOCOCCUS AUREUS KO-IH®EKIIISI Y MUILIEM ITICJIS
AHTUBIOTUKO-IHAYKOBAHOT O JUCBIO3Y

Mypaoosa C. A., I'ypoanoea C. @., I'adxciesa C. B., Aniee¢ M. I
AzepOaiikaHCKHI METUITUHCKAN YHUBepcuTeT, Byl. Camen Byprywn, 167, m. baky, AZ1022,
AzepOaiimkan

MikpoOHi B3aemoii B OioIUTliBKax IBOX BHIIB MikpoopraHizmis, Staphylococcus aureus i Candida
albicans, € akTyajJbHOIO TEMOIO JOCIHI/DKEHHs, BPaxOBYIOUM 3HAYHHI BHECOK OCTAaHHIX Y PO3BHUTOK
BHYTPIITHBOJIIKAPHSHUX iHQeKiH. ToMy MeTO Hamoro MJAOCHI/KEHHS CTaJ0 BHBYEHHS B3aEMOJIii
onopryHictiuHUX C. albicans i S. aureus in vivo Ta in Vvitro sIK 3a y4acTi0O HOPMaJIbHOI MIKpOQIIOpH, TaK 1y
MUIIIEH 3 aHTHOAaKTepianbHUM aucOio3oM. BuBUeHHs BHIleHaBEACHUX B3aeMoJid mpoBoawiy Ha 100 Ginmx
camIIIX MuIIeil Baroro 6ym3pko 18 rin vivo i in vitro 3 BUKOPHCTaHHSM Ma3KiB, OTPAMaHUX 3 BUPOIYBAHUX
s3mimanux KyiabTyp C. albicans i S. aureus, 1 AMMOHCHKOTO TPAHCMICIHHOTO €JIEKTPOHHOTO Mikpockomna JEM
1400 3 MeToI eJIEeKTPOHHO-MIKPOCKOIIYHOTO JOCTI/DKEHHS MIKpOOpraHi3MiB. 310pOBI MU, SKBI
chopMyrOBaIM KOHTPOJBHI TPYIH, 1 MHINI 3 BUKIMKAHUM aHTHOIOTHKaMHU aucOio30oM (TIiCisi BBEACHHS
BaHKOMINIMHY, TEHTAMIIHY, aMIIIWIiHY) Oyl PO3IiIeHi Ha TPYNH A CTBOPEHHS MOHO- 1 acoIliaTMBHOI
inQexuii: rpymi I BBoguau 1x107 KYO C. albicans, IT rpyni — 1x108 KYO S. aureus i III rpymi — cymim
3a3HaueHnX KoHmeHTtpauii C. albicans i S. aureus B Tiif ke mpomopirii. MikpoopraHi3Mu, MO CIPHIHHSIN
MOHOIH(]EKIIif0, BUAUIAIICA 3 OpraHi3My TBapHH, SKi OTPUMYBAJIH aHTHOIOTHKH 0 KiHISI €KCIIEPHIMEHTY B
BEJIMKHX KIJIBKOCTSX, HA BiIMiHY BiJ TaKuX y 3/10poBHUX MuIeil. CrilibHa 1HOKYJIAMIS IUX MIKpOOiB B Tiif Xxe
11031 TBapuHaM (KOiH(DEKIIis), SKUM BBOIMIA aHTHOIOTHKY, BUSBHIIACS JIJISI HUX (PAaTabHOIO, TOML 5K in Vitro
OyB OMITHHH KITiTHHHUH 3B'130K Mix kmitaaamu C. albicans vs. S. aureus.

Sk 6aunMo, Taka OakTepiabHO-TPHOKOBA KOIH(EKITHS iCTOTHO 3HMXKYE e(DEeKTHUBHICTh aHTHOAKTEPiaIbHOT
Teparii i HMOBIpHICTh YCITIITHOTO JIIKYBaHHs, Ta HE MOXe OyTH MPOIrHOPOBAaHA NpHU BHUOOPi BiMIMOBITHOTO
JKyBaHHSI.

K/TIOYO0BI CJIOBA: C. albicans, S. aureus, KOJI0HI3aIlisl, B3aEMOIis
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CANDIDA ALBICANS M STAPHYLOCOCCUS AUREUS KO-UH®EKIIUSI
Y MBIIIEHN ITOCJIE AHTUBMOTHKO-UHAYIIUPOBAHHOI'O JUCBHUO3A

Mpypaoosa C. A., I'ypbanoea C. @., I'adscuesa C. B., Anuee M. I.
AszepbaiimKaHCKUI MeTUIMHCKUN yHUBepeuTeT, yi. Camen Bypryn, 167, r. baky, AZ1022,
Aszepbaiimkan

MukpoGHbIe B3aUMOJICHCTBHS B OMOIUICHKAX IBYX BHIOB MHKpOOpraHu3moB, Staphylococcus aureus u
Candida albicans, sBistoTCst aKTyaIbHON TEMOM MCCIISIOBAHNS, YYUTHIBAs 3HAYUTEIbHBIN BKIIA MOCTIEIHIX B
pa3BUTHE BHYTPHOONbHWUYHBIX HHpekiuil. [losToMy, Ienpl0 HAIero HCCICIOBAHUS CTaJ0 H3y4YCHHE
B3anMoieiicTBus onmopryHucTtHuecknx C. albicans m S. aureus in vivo W in Vvitro Kak ¢ yd9acTHeM
HOpPMAaJTbHOH MUKpPOQIIOPE, TaK M Yy MBIMEH ¢ amcOmo3oM. V3ydeHwe yHOMSHYTHIX B3aMMOACHCTBHIMA
npoBomu Ha 100 OedpIX cammax MBIIIeH BecoM OKoio 18 T in vivo # in Vitro ¢ HCIIOTB30BaHAEM Ma3KOB,
MOJYYCHHBIX W3 cMemaHHbX KyiabTyp C. albicans m S. aureus. ITpuroToBieHHBIE HpemapaThl W3yYalH MO
TPaHCMHUCCHOHHBIM 3JIEKTPOHHBIM MuKpockormoM JEM 1400 mpowmsBoxactBa SAnoHun. 3m0pOBBIC MBIIIN
KOHTPOJIBHBIX TPYIII, ¥ MBIIIU C BBI3BAaHHBIM aHTUOHMOTHKAMHU JUCOMO30M (TIOCIIE BBEICHHS BaHKOMMIIMHA,
TeHTAaMHIMHA, AMIUNWUIMHA) OBUIM pa3jelieHbl Ha TPYNNbl JUIA CO3JaHHS MOHO- W acCOLMAaTUBHOW
unpekuuu: rpynne I seogunu 1x107 KOE C. albicans, II rpynne — 1x108 KOE S. aureus u III rpynme — cMmech
yKazaHHBIX KoHIeHTpaimii C. albicans u S. aureus B To jxe mpomnopuuy. MUKPOOPraHH3MBI, BEI3BIBAIOLIHE
MOHOHMH(EKIIHIO, BBIJICSUIUCH U3 OPraHU3Ma JKHBOTHBIX, MONyYaBIINX aHTUOMOTHKH 10 KOHIA SKCIICPHMEHTA
B OOJIBIIMX KOJHMYECTBAX, B OTIIMYHE OT TAKOBBIX Y 3JOPOBBIX Mblmiell. COBMeCTHas MHOKYISALMSA ITHX
MHKPOOOB (KOMH(EKIHs) B TOH e 03¢ KHBOTHBIM, KOTOPHIM BBOJIMIM aHTHOWMOTHKH, OKa3aylach JUIl HHUX
(haTampHOM, TOrAA Kak in vitro OblTa 3aMedeHa KIeToYHas cBI3b Mex Iy kietkamu C. albicans vs. S. aureus.

Takas OaKTepHuaIbHO-TPUOKOBAS KOMH(]eKIHs CYyIIECTBEHHO CHIDKAeT 3¢ (EeKTHBHOCTD
AQHTHOAKTEPHAIBHOM TePallK U BEPOATHOCTh YCICIIHOTO JICYCHUS, U HE MOXKET ObITh IIPOMTHOPUPOBaHA MPH
BBIOOpE COOTBETCTBYIOLIETO JICUCHHSI.

K/JIFIOYEBBIE CJIOBA: C. albicans, S. aureus, kosioHu3anus, KOMHGEKIHs

case  of  immunosuppressive  animals,
INTRODUCTION C.albicans can cause an increase and
Beneficial or harmful interactions between  reproduction of highly virulent strains in
C. albicans i S. aureus for the host can both  populations of E.coli, S.aureus that are
develop in a healthy organism and in the case of  resistant to antibacterial drugs and their anti-
iliness [1-3]. Microbial communities are known lactoferrin and antilysocyme activity [15-16].
to be functionally diverse microorganisms Thus, microbial associates play a certain role
localized in certain places and long-lastingly in the pathogenesis of infectious diseases: the
interacting with each other. The  dynamics of the isolation of associates may
microorganisms included in these communities  change, their prolonged stay in the body (in
are in certain symbiotic relationships,  chronic form or as carriage) may also affect the
influencing the biological properties of each ineffectiveness of antibiotic therapy. All these
other, stimulating and/or inhibiting growth and  issues have not been studied enough, and their
reproduction  [4-6]. Such relationships  study is of practical importance, since they have
contribute to the worsening of the course of the  been of significance in the diagnosis and
disease by strengthening the virulence of the  treatment of associative infections.
causative agents of the disease in the human
body [7-9]. Specifically, exometabolites of OBJECTIVE
S. aureus affect the phospholipase activity of Purpose of the study was to research on the
C. albicans, thereby increasing their  interaction of opportunistic C. albicans and
aggressiveness, contribute to the development  S.aureus most frequently encountered in
of antibiotic resistance and activation of other infectious pathologies in vivo and in vitro
features [10-13]. At the same time, C. albicans  conditions, both with the participation of
also stimulate some bacterial infections [9, 14].  normal microflora, and in mice with antibiotic-
There is the scientific evidence of the diverse induced dysbacteriosis, and to study their
influence of C.albicans on the structural electron microscopic features.
mechanism of the population of the main
causative agents of nosocomial infections. In
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MATERIALS AND METHODS

The strains of C. albicans and S. aureus used
in the experiments were isolated from patients
who applied to the private laboratory of the
Department of Microbiology and Immunology
of the Azerbaijan Medical University, and then
were identified by morphological, cultural, and
enzymatic features. Suspensions of 48-h culture
of C. albicans in the amount of 1x10” CFU/ml
and 1x10° CFU/ml, and prepared from the 24-h
culture of S.aureus in the amount of 1x10®
CFU/ml and 1x10° CFU/ml were used in the
experiments.

In vivo experiments were carried out on 100
white male mice weighing approximately
18 grams. 0.20 t mg/ml vancomycin, 0.40
t mg/ml gentamicin, 0.50 t mg/ml ampicillin per
100 grams of weight were administered to mice
orally in a dose of 0.1 ml for 5 days. They were
used in order to prevent the possible influence
of normal microbiota of mice on C. albicans
and S. aureus. Healthy animals and mice with
antibiotic-induced dysbacteriosis were divided
into groups to create a mono- and associative
infection: I group was given 1x10" CFU of
C. albicans, Il group —1x108 CFU of S. aureus,

and Il group — a mixture of specified
concentrations of C. albicans and S .aureus in
the same proportion. C.albicans were

administered in the same amounts in the first
control group of healthy mice, S. aureus — in
another.

Infected mice were opened after 1, 3, 7, and
10 days according to generally accepted rules
by preparing a homogenate from visceral
organs (stomach, small and large intestine,
liver, spleen, kidney) and cultured on Saburo's
medium with gentamicin and egg-yolk salt
agar. The resulting colonies were counted based
on the weight of 1 gram.

The obtained figures were subjected to a
variation row, the average number of each row
(M) and the error (m) were calculated and
indicated in log10. The difference between the
indicators of the groups was established by
means of Mann-Whitney statistical accuracy
(p <0.05).

The in vitro experiments were carried out in
test tubes with sugar broth, where 0.1 ml from a
concentration of 1x10° CFU of C. albicans and
S.aureus were transferred and incubated at
37°C. Smears were prepared from the
suspension on the 1, 3, 5. 7, 11, and 15 days of
the experiment, and inoculated on solid nutrient
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media with sugar agar, Saburo medium. Smears
were prepared from the grown mixed cultures,
and then stained using the Gram method.

Concentrations of 1x10” and 108 CFU/ml
were used for the purpose of electron
microscopic study of microorganisms. The
mixture of microorganisms was kept at 37°C
for 48 hours, then centrifuged, and the blocks of
microorganisms were prepared using accepted
protocols. The obtained materials were then cut
with diamond knives in an EM UC 7 -LEICA
microtome into plates with a thickness of 60
nm. Sections were stained with uranyl acetate
and mercuric citrate. Ready-made preparations
were studied using the Japan JEM 1400
transmission electron microscope.

The studies were conducted in the Electron
Microscope Laboratory under the AMU headed
by Professor E. Gasymov (with financial
support from the Science Development
Foundation under the President of the Republic
of Azerbaijan. Grant No. EIF-2011-1 (3) -82 /
44/3-M-6).

RESULTS AND DISCUSSION

C. albicans and S. aureus were isolated only
from the digestive tract of both groups of
animals, injected with cultures of these
microorganisms. C. albicans was isolated from
the stomach of healthy mice in the amount of
2.81+0.19 CFU on the first day of the
experiment, on the second day — in the amount
of 240+0.98 CFU; 2.92 + 0.80 CFU were
isolated from animals that were given
antibiotics on the first day of the experiment,
2.83 £ 0.54 CFU — on the third day, 2.72 + 0.27
CFU — on the seventh day, and 2.64 + 0,45
CFU — on the tenth day (fig. 1 (1)).

C. albicans was found in the small intestine
of healthy animals only on the first day and on
the second day of the experiment in the amount
of 275+0.03 CFU and 23+0.45 CFU,
respectively. C. albicans isolated from the small
intestine of animals that were given antibiotics
in an amount of 2.96 = 0.27 CFU on the first
day, 2.94 + 0.80 CFU on the third day, , 2.88 +
0.15 CFU on the seventh day, and in the
amount of 2.78 = 0.35 CFU on the tenth day
(fig. 1 (2)).

C. albicans was found in the large intestine
of healthy mice on the first day in an amount of
2.56 £ 0.71 CFU, on the third day in an amount
of 2.51 £ 0.15 CFU, on the seventh day it was
detected only in the colon in an insignificant
amount (1, 6 + 0.45 CFU), and on the tenth day
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microbes were not detected at all. Fungi were
isolated from the colon in animals receiving
antibiotics on the first day of observation in the
amount of 2.86 = 0.54 CFU, on the third day —

2.90 £+ 0.05 CFU, on the seventh day — 2.92 +
0.18 CFU and on tenth day — in the amount of
2.88 +0.06 CFU.
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Fig. 1. Detection of C. albicans (CFU) in case of mono-infection in healthy mice (1) and in animals that
were administered antibiotics (2) in the stomach, small and large intestines
Abscissa: 1 — the first day, 2 — the third day, 3 — the seventh day, 4 — the tenth day. Ordinate: indicates CFU

S.aureus was found in the stomach of
healthy animals only on the first day of the
experiment (3.48 +0.43 CFU). In contrast,
microbes were excreted from animals that
were given antibiotics until the end of the
experiment (3.99 + 0.88 CFU on the first day,
3.96 + 0.71 CFU on the third day, 3.80 + 0.55
CFU on the seventh day, 3.62 + 0.25 CFU on
the tenth day) (fig. 2 (1)).

S.aureus was isolated from the small
intestine of healthy animals only on the first
day of the experiment (3.47 +0.25 CFU),
whereas it was found in animals that were
given antibiotics, on the first day in an

amount of 4.1 + 0.71 CFU, on the third day —
3.97 £ 1.12 CFU, on the seventh day — 3.90 +
0.83 CFU, and on the tenth day — 3.83 + 0.35
CFU (fig. 2 (2)).

Staphylococci were detected in the large
intestine of healthy animals only on the first
and second days of the experiment (2.92 +
0.05 CFU). In contrast, they were found in
animals that were given antibiotics, in an
amount of 4.02 + 0.84 CFU on the first day,
4.01 = 0.88 CFU on the third day, 3.92 = 0.91
CFU on the seventh day, and in the amount of
3.87 £0.81 CFU on the tenth day (fig.2 (3)).
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Fig. 2. Detection of S. aureus (CFU) in case of mono-infection in healthy mice (1) and in animals that
were administered antibiotics (2) in the stomach, small and large intestines
Abscissa: 1 — the first day, 2 — the third day, 3 — the seventh day, 4 — the tenth day. Ordinate: indicates CFU

Oral administration with intervals of C.
albicans and S. aureus simultaneously to
animals that were given antibiotics in the first
24 and 48 hours caused the death of 60 % and
100 % of the animals, respectively. The
microbial load of both types of
microorganisms in the organs of dead animals
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exceeded to a significant degree such load in
the control groups (p <0.05). Microbes were
found not only in the gastrointestinal tract of
animals, they also colonized the liver, spleen
and kidneys. The results of the experiments
are shown in table.
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Table
Microbial load in case of co-infection, caused by C. albicans
and S. aureus of white antibiotic-treated mice (log10)
| day Il day
C. albicans S. aureus C. albicans S. aureus
(CFU/qgr) (CFU/gr) (CFU/qgr) (CFU/gr)
Stomach 3,03+0,25 4,2 +0,55 3,12+0,13 4,29+ 0,80
Small intestine 3,06 0,17 4,06 + 0,69 3,08 £ 0,05 4,26 +0,76
Colon 3+0,13 4,07 +0,88 3,03+0,13 4,19 + 0,65
Liver 2,55+0,15 3,61+0,43 2,75+ 0,65 3,74+ 0,59
Spleen 2,51+0,17 3,48 +0,35 2,68 + 0,05 3,69+ 0,25
Kidney 2,61+0,35 3,62+ 0,65 2,83+0,07 3,60+0,35

The study of the relationship between
C. albicans vs. S. aureus in vitro showed once
again the existence of a relationship between
these two microorganisms that can be seen in
smears prepared at different times from a
mixture of microbes (fig. 3), where there is an
accumulation of  staphylococci  around
Candida fungi (fig.3,A). You can also

observe that staphylococci are distributed in

insignificant amounts in the field of view
where there are no cells of fungi. And
staphylococci are arranged in small clusters
and chains in places where cells of fungi are
not detected. (fig. 3, B). Thus, staphylococci
are more intense and with large groups,
forming a classical cluster of bunches, are
located around the cells of Candida fungi
(fig. 3, A-B).

Fig. 3. Smears prepared from the mixed cultures of C. albicans and S. aureus (Gram stain)

We provide electron microscopic
images for the purpose of introducing some
clarity on the relationship between these
microorganisms.

One can notice the attraction between the
cells of staphylococci and fungi in the figure
4, these attractions are hardly noticeable
(indicated by the arrow in figure 4.A) at the
beginning of the experiments, and more
clearly visible (fig.4B-C) as the cells
approach each other; the formation of bridges
between the cells (fig.4D-F) is also
noticeable. Thus, an adhesive bond is formed
between the cells of C. albicans vs. S. aureus.
Reproduction of staphylococci adhered to the
surface of fungal cells can also be viewed

19

(fig. 4 C). 2-3 cells of staphylococci can
accumulate on the surface of a single cell of
the fungus (fig. 4 F).

Normal microflora of healthy organism
contributes to the elimination of pathogens
immediately after their introduction to the
large extent along with other protection
mechanisms. That is why, cultures of
C. albicans and S. aureus, orally administered
to healthy mice, were isolated from the
digestive tract only in the initial days of the
experiment. These microorganisms were also
isolated mainly from the digestive tract,
where the amount of host-gut microbiota was
gradually decreased, in animals with
antibiotic-induced dysbacteriosis. But the
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studied microorganisms in the body of these
mice were isolated in larger quantities unlike
the body of healthy animals, and moreover,
until the end of the experiment. However

their number gradually decreased by the tenth
day. Signs of the disease were observed from
the first days of the experiment in animals
that were injected with antibiotics.

Fig. 4. Electron-microscopic image of the relationship between cells
of C. albicans and S. aureus (arrows indicate adhesion)

Despite the significant decrease in normal
microflora that was observed in animals
administered with antibiotics, there was a
gradual restoration of the composition of the
microflora after cessation of the introduction
of antibiotics. Detection of C. albicans and
S.aureus for a long time (throughout the
experiment) in the digestive tract of animals
that were injected with antibiotics, in large
quantities (CFU), was due to a decrease in the
number of native microflora. The gradual
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restoration of normal microflora was
accompanied by a gradual decrease in these
microorganisms. Thus, signs of the disease
were observed in mono-infections caused by
C. albicans and S.aureus, both in healthy
animals and in those who were given
antibiotics, but no deaths were observed.
There were no signs of major changes in the
internal  organs. However, co-infection
induced by the Candida-Staphylococcus
association in animals with dysbiosis caused



by antibiotics was the most difficult —
accompanied by high rates of development
and a high degree of mortality. Namely,
100 % of the animals died within the first
48 hours during co-infection. An autopsy of
the dead animals showed an increase in the
guantity of both microorganisms in the
digestive tract, liver, kidney and spleen. Such
results show the marked synergistic effect
between C. albicans and S. aureus. Namely,
when staphylococci are the only source of
infection, a low percentage of dead animals
are present, and co-infection with C. albicans
at the same time increases the percentage of
dead animals and the microbial burden in the
internal organs, which coincides with the
results of similar studies [9, 17]. On the basis
of the data obtained, the causes of death of
the mice are the mutual reinforcement of the
physiological properties of the associates and
reduction of the nonspecific protective system
of the microorganism through the developed
dysbacteriosis on the other hand. Microbial
products have a synergistic effect in
association, influencing on the growth and
reproduction of bacteria, on the expression of
pathogenicity factors [18]. The main factor
ensuring the microbial pathogen's ability to
cause an infection with severe flow is the
amplification of the bacteria virulence under
the influence of fungi.

In vitro studies also allowed establishing
the dependence of staphylococci on Candida
fungi. The results obtained and electron-
microscopic images confirm the adhesive
interaction between the cells of C. albicans
and S. aureus, which led to an intensive
multiplication of staphylococci on the surface
of the fungi and formation of a multilayer
film. As can be seen, S. aureus forms a film
with the participation of C. albicans in the
absence of the ability to form separately a
film in the serum, and reproduce in the form
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of microcolonies based on the biofilm of
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The complex interaction between fungi
and staphylococci that arose under certain
conditions is due to the presence of certain
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are important for co-adhesion [21].

CONCLUSIONS

The obtained results showed that the
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ambiguous. Polymicrobial infection even
nowadays remains a significant predictor of
the patient's prognosis deterioration, reducing
the effectiveness of antibiotic therapy and
likelihood of successful treatment [22-23].
Various interactions arise under conditions of
mutual enhancement of virulence in the
animal organism, under conditions of
quantity and time. Therefore it is especially
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these data in case of the treatment of
polymicrobial aetiology infections. The
treatment strategy should not only be directed
against a single pathogen, but also aim to
destroy the microbial association.

PROSPECTS FOR FUTURE STUDIES

It remains relevant to study the effect of
various therapeutic approaches in order to
improve the effect on the fungus-bacterium
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the infection. Given the antibiotic resistance
of individual bacteria, which significantly
increases with cooperation with various
representatives of the fungal flora, it makes
sense to search for new methods of exposure,
along with medical management. Further
exploration of changes in the activity of
various pathogens during the co-infection
can make a significant contribution in this
direction.
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