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RESUMO

Nos ultimos anos, o protozoario parasitario Blastocystis spp., que habita o trato gastrointestinal
humano, comecgou a atrair cada vez mais atengcdo dos parasitologistas. Uma alta incidéncia de
contaminagao por blastocisto foi revelada em individuos de varios grupos populacionais. Neste artigo, os
resultados do estudo mostram altas taxas de invasdo de trabalhadores de fundicdo pelo protozoario
mencionado acima, caracterizado por condi¢gdes perigosas de trabalho, tanto de natureza fisica quanto
quimica. A capacidade dos protozoarios de habitar um nicho ecolégico especifico depende de suas
propriedades biolégicas; assim, fatores de persisténcia sdo de particular interesse. O artigo descreve o
potencial persistente do Blastocystis spp., habitando o intestino humano. As propriedades persistentes nos
procariontes sdo um fator fisiolégico significativo para a sua existéncia e determinam o mecanismo de
interacdo dos microrganismos que formam a microflora intestinal. Foi estudado o complexo de fatores de
persisténcia (ALA, ALFA e AHA) do Blastocystis spp. Foi encontrada uma correlagdo direta entre a atividade
persistente dos blastocistos e a gravidade dos distirbios da microbiocenose intestinal. O efeito de fatores
desestabilizadores da producdo que levam a reestruturacdo do bioma intestinal foi estabelecido,
contribuindo para a diminuicdo do grupo nativo de microrganismos e para o aumento da flora oportunista.
Os dados recebidos permitem utilizar as propriedades bioldgicas mais importantes da sobrevivéncia dos
microrganismos para estudar os mecanismos de formagao de microssimbiocenoses no biétopo do intestino
grosso e sao um pré-requisito tedérico para o desenvolvimento de um método de rastreamento do
diagnéstico de disbiose intestinal com base na determinagéo de ALA, ALFA e AHA de isolados clinicos de
blastocistos.

Palavras-chave: microbiocenose, parasitocenose, disturbios disbibticos, antilisocito, antilactoferrina.

ABSTRACT

In recent years, the parasitic protozoan Blastocystis spp., inhabiting in the human gastrointestinal
tract, has begun to attract more and more attention on the site of parasitologists. A high incidence of
blastocyst contamination was revealed in individuals of various population groups. In this paper, the results
of the study showing high rates of invasiveness of foundry workers by the above-mentioned protozoan,
characterized by hazardous working conditions of both physical and chemical nature. The ability of protozoa
to inhabit a particular ecological niche depends on their biological properties; thus, persistence factors are of
particular interest. The article describes the persistent potential of Blastocystis spp., inhabiting the human
intestines. Persistent properties in prokaryotes is a significant physiological factor for their existence and
determine the mechanism of interaction of microorganisms that form the intestinal microflora. The complex of
persistence factors (ALA, ALFA, and AHA) of Blastocystis spp. was studied. A direct correlation between the
persistent activity of the blastocysts and the severity of intestinal microbiocenosis disorders was found. The
effect of destabilizing production factors leading to the restructuring of the intestinal biome has been
established, contributing to a decrease in the indigenous group of microorganisms and an increase of
opportunistic flora. The received data allow using the most important biological properties of the survival of
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the microorganisms to study the mechanisms of microsymbiocenoses formation of in the biotope of the large
intestine and are a theoretical prerequisite for developing a method for screening diagnosis of intestinal
dysbiosis based on the determination of ALA, ALFA and AHA of clinical blastocyst isolates.

Keywords: microbiocenosis, parasitocenosis, dysbiotic disorders, antilysocyme, antilactoferrin.

AHHOTALUA

B nocnegHvwe rogbl Bce Gonbllee BHUMaHWE MNapasvTONoOroB CTan nNpuBrekaTb napasnTtuyeckun
npoctenwmn opraHuam Blastocystis spp., obuTaloWwMn B Xenyao4yHO-KULLIEYHOM TpakTe 4Yenoseka.
BbisiBrieHbl BbiCOKME NokasaTenu obcemMeHeHHOCTU GnacToumcT Yy NuL pasnuuHbIX rpynn HaceneHus. B
HacTosleln paboTe NpeacTaBneHbl pe3ynbTaTbl UCCREAOBaHUSA, PErucTpupylollMe BbICOKME noKa3aTenu
WHBAa3NPOBaHHOCTU [aHHbIMWM MPOCTEMWNMY paboumx FNMTENHOro NPOU3BOACTBA, XapaKTepusyoLmecs
ONacHbIMU YCINOBMAMKU Tpyda Kak U3MYECKOW, TaKk U XMMUYECKOW npupodbl. [lpn aTom cnocobHocTb
NPOCTENLLNX K 3aCENEHUI0 TON UMM MHOW IKONOTMYECKOW HULLIM 3aBUCUT OT Hamnu4ums y HUX GUonormyeckux
CBOWCTB, B 3TOM MflaHe HECOMHEHHbI WMHTEepec NPeAcTaBnsAlT (akTopbl nepcucteHumMn. B cratbe
npeacTaBneHa XapakTepucTMKa MepCUCTEHTHOro noTeHumana npoctenwero  Blastocystis  spp.,
HacensLLEero KWeYHNK YenoBeka. Hannume nepcmMcTeHTHbIX CBOMCTB Yy MPOKapuoT ABNSETCSA Ype3BblHaniHO
BaXXHbIM (PM3NOMOrMYECKUM acrnekToMm WX CyLecTBOBaHMA W onpedensieT MexaHusM B3avMOAENCTBUSA
MUKPOOPraHM3moB  (QOPMUPYIOLLUX  MUKPOMIOpY KULIEYHOro Tpakta. W3yyeH KoMmmnekc akTopos
nepcucteHumn (AJA, AITA n AA) npoctenwnx Blastocystis spp. OBHapyxeHa npamas KoppensunoHHas
3aBUCMMOCTb MEXAY NEePCUCTEHTHOW aKTUBHOCTLIO Bnactouuct un rnybuHOM HapyLleHui MukpobuoLeHosa
KMLLIEeYHUKa. YCTaHOBMEHO AelcTBMe AecTabunuanpytowmx ¢akTopoB NPOM3BOACTBA, KOTOpble BeayT K
nepecTpovike Kue4yHoro 6uoma, CnocoBCTBYIOT YMEHbLUEHWUIO WMHOUFEHHOW rpynnbl MUKPOOPraHM3MoB U
YBENUYEHNIO YCINOBHO-NATOreHHON nopbl. 3TU MaTepuansl MNO3BOMSAIT WUCMNOMNb30BaTb BaXHenwune
Buronornyeckme CBOMCTBA BbPKMBAHUS MUKPOOPraHW3MOB Afsl UCCNeAoBaHUA MEXaHN3MOB (hOpPMMPOBAHNS
MUWKPOCMMOMOLLEHO30B B OMOTOME TONICTOIO KULUEYHMKA U SBASKOTCA TEOPETUYECKOW NPeanoCbIIKON Ans
pa3paboTku cnocoba CKPUHWMHIOBOW AMAarHOCTMKU KULLIEYHOro Amcbuosa, OCHOBAHHOIO Ha onpeneneHvm
AJIA, AJTbA n ATA KNMHUYECKMX N30MsToB BnacTouuct.

KniouyeBble crnoBa: MUKpOBUOUEHO3, napasumouyeHos3, ducbuomudeckue HapyuweHUs, aHmuau3oyuMHas,
aHmusiakmogheppuHoO8asi.

1. INTRODUCTION

The general transformation of the
influence of environmental conditions in modern
society is evident. A lot of abiotic and biotic
factors, including anthropogenic ones, affect
human health (Sharapov, 2012). The effects of
industrial environmental factors on the body
should not be ignored. Industries characterized
by hazardous working conditions can be
determined. This entirely concerns foundry. In a
foundry, harmful factors of both physical and
chemical nature are inherent (Soloviev, 2013).
Physical factors include vibration, noise, high
temperature, ultrasound, ionizing radiation;
chemical factors include the influence of
isocyanates, formaldehyde, tertiary amines such
as dimethylethylamine, triethylamine, silicon
dioxide, metal oxides. All of the above factors
produce favorable conditions for different
diseases (Lazarenkov and Khoreva, 2016).

Literature analysis showed that vibration
causes changes in cardiac activity, in the nervous
system, spasms of blood vessels, changes in the

joints, limiting their mobility (Turovets et al., 2015).
Studies of the noise effect on the human body
also revealed changes in the functioning of the
nervous and cardiovascular systems (Afanasova
et al., 2010). During the examination, workers
exposed to noise, often complain of irritability,
headaches, drowsiness, increased fatigue, poor
sleep, dizziness. Persons constantly in contact
with the noise of varying degrees and duration
revealed disturbances of thermoregulation,
increased pulse levels, and blood pressure
(Izmerova and Denisova, 2003). Chemical factors
inhibit hemopoiesis, disturbs metabolism, and
causes functional changes in the nervous system
and gastrointestinal tract (Denisov et al., 2010).

Studying the influence of environmental
factors on the human body is not a new problem.
However, the influence of the entire spectrum of
foundry factors on the microbiome of the worker's
body is still not completely studied. Intestinal flora
serves as an indicator of the microorganisms
state, and when exposed to destabilizing
environmental factors, its qualitative and
quantitative change occurs, indigenous flora
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decreases, and opportunistic pathogenic group
increase (Kuvaeva and Ladodo, 1991).

In the last decade, many authors have
shown the role of opportunistic microorganisms in
the occurrence of intestinal infections. The
epidemiological situation on parasitic diseases is
especially acute; more than 1.3 million patients
with various parasitoses are officially registered
annually in the country. However, the incidence
of parasitic infestations and their importance for
public health and the country as a whole remains
underestimated for a number of reasons. The
reasons for the preservation of such a situation
are the difficulties of specific diagnostics, lack of
a clear system for recording the incidence rate,
insufficient  knowledge  of doctors, and
misunderstanding of both doctors and the
population in the field of diagnosis and treatment
of parasitoses.

Blastocystis spp is the most widespread
among the parasitic microorganisms. (Abe, 2004;
Dogruman, 2009). According to the classification
of microorganisms, this protozoan belongs to the
kingdom of Stramenopiles (synonym Chromista,
Heterokonta), subdomain Chromobiota, subtype
Opalinata, class Blastocystea, order
Blastocystida, family Blastocystidae, genus
Blastocysts (Hameed, 2011).

The growing interest of scientists and
practical parasitologists in this protozoan is
explained by its spread in the world. It is found in
30-50% of the inhabitants of developing
countries and in 1.5-10% of developed countries
(Iguchi, 2007; Jones, 2009; Meloni et al., 2011).
Besides, blastocysts are often present in patients
with gastroenterological diseases, allergies. For
example, due to Horiki et al. (1999), in examining
a practically healthy population from Tokyo
(Japan), blastocysts were found in 7.4% of cases
(Horiki, 1999), and in similar studies in Perm,
performed by N. M. Koza et al. in 1997 - 2001,
the blastocystic invasion was revealed in 13.1%
of cases (Koza et al., 2002). In Omsk, according
to the results of population surveys in 1999 —
2001, the rate of Blastocystis hominis detection in
healthy persons was within 0.9 - 2.3%
(Starostina et al., 2002).

However, in clinical practice, laboratory
assistants often do not register blastocysts in the
test material. This is explained by the fact that the
pathogenic nature of protozoan remains
controversial, and, therefore, the registration of
the results is not mandatory, and also by
inadequate knowledge of laboratory assistants of
this object.

It was established that blastocysts have a
significant effect on the formation of
microbiocenosis of the human intestine,
accompanied by a decrease in the seeding rate
of indigenous flora (bifidobacteria and lactobacilli),
and an increase of opportunistic flora. It was
shown that the disturbance of biocenotic relations
between pathogenic bacteria and normal
intestinal microflora is one of the factors affecting
the development of many diseases, especially
those with a chronic course. Experimental data
confrm a high incidence of blastocysts in
individuals with liver diseases, gastric ulcers, and
dermatoses (Krasnoperova, 2009).

The discovery of  microorganisms
belonging to the group of protozoa in the
intestinal biome does not always testify to their
role in the formation of the studied biotope, and it
is absolutely impossible to assess their
significance for a macroorganism experiencing
constant pressure from a complex of factors of an
unfavorable industrial environment, which
reduces the protective forces of the human body
and makes him vulnerable to various forms of the
disease.

Human normoflora provides non-specific
resistance of a macroorganism (Tsimmerman,
2014). Microorganisms colonizing the intestine
prevent contamination of the mucous membranes
of the digestive tract with opportunistic
microorganisms, using a large group of secreted
bacterial substances as a defense against the
pathogen. Conventionally pathogenic flora is
present in the intestines of healthy people as
additional or transient representatives in certain
quantitative and qualitative indicators (Blaser and
Falkow, 2014; Kuchumova, 2011).

Thus, in determining the etiological
significance of the conventionally pathogenic flora,
to which the group of parasitic protozoa
Blastocystis spp can be attributed, along with
their number, factors contributing to persistence
must be taken into account, which are considered
as a marker that determines the long-term
habitation of the pathogen in the host organism.
These traits include the ability of microorganisms
to degrade lysozyme - antilysocyme activity
(ALA), the ability to inactivate lactoferrin -
antilactoferrin (ALPA), and antihistamine (AHA)
activity.

The purpose of the study was to give a
comparative characteristic of the persistent
potential of parasitocenosis of the human
intestine, under the influence of a complex of
unfavorable factors in the working environment.
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To achieve this purpose, the following tasks were
set:

1. To study microbiocenosis
characteristics in human large intestine under the
influence of a complex of destabilizing factors of
the working environment.

2. To determine the occurrence of
protozoa Blastocystis spp.in the intestines in
norm and in dysbiosis.

3. To study Dblastocysts biological
properties using antilysocyme, antilactoferrin, and
antihistone activities as an example.

2. MATERIALS AND METHODS

A series of studies on the intestinal
microbiocenosis in persons working in the
foundry of the Armature Plant were performed at
the clinic of OJSC "Reinforcing Plant", the Helix
laboratory and the research laboratory
"Diagnostics" in St. Petersburg.

To assess the microbiocenosis, the
method of quantitative isolation of types and
variants of microorganisms that make up the
microbiocenosis according to the order of the
Ministry of Health of Russia of 09.06.2003 No.
231 "On approval of the industry standard
"Protocol for the management of patients.
Intestinal dysbiosis" (OST 91500.11.0004-2003)
was used.

Cultures grown on culture media were
subjected to group, generic, and species
identification.

The inoculation and incubation on solid
media for the isolation of lacto- and
bifidumbacteria was carried out in anaerostats
AE-01 (OJSC NIKI MLT, St. Petersburg) and
OXOID (England) wusing Anaerogaz gas-
generating packages. Anaerobic microorganisms
were identified using ANAEROTEST 23
(Lachema, Czech Republic). Identification of
opportunistic enterobacteria was carried out
using general identification schemes.
Identification of opportunistic enterobacteria was
performed following generally  accepted
identification schemes using PBDE (Diagnostic
Systems, Nizhny Novgorod), ENTEROTEST 24
(Lachema, Czech Republic), NEFERMtest
(Lachema, Czech Republic), and Giss mediums.
Yeast-like fungi, genus Candida, were revealed
by their ability to assimilate carbohydrates using
the API1 20C AUX system (bioMerieux, France).

To detect protozoa, including blastocysts,

both  traditional  parasitological  diagnostic
methods (microscopy of fecal smears) and
molecular biological methods (PCR) were used.
Microscopy of stool smears stained with Lugol
solution was carried out in compliance with all
requirements for the preparing of preparations
(Guidelines 4.2.735-99 "Parasitic methods of
helminthism and protozoal diseases laboratory
diagnostics" improved by the chief state sanitary
doctor of the Russian Federation)

Pavlova and Zierdt media were used to
obtain protozoa Blastocystis spp. cultures.
Persistence factors of microorganisms were
studied from 2015 to 2017 at the Institute of
Cellular and Intracellular Symbiosis of the Ural
Branch of the Russian Academy of Sciences,
Orenburg (IKVN Ural Branch of the Russian
Academy of Sciences).

Microorganisms persistence factors were
studied using research methods proposed by
O.V. Bukharin et al. To study microorganisms
antilysocyme activity (ALA) the photometric
method was used [23]. Blastocystis spp.test
culture was grown in a liquid nutrient medium, the
supernatant was separated and mixed with
lysozyme, while preparing a control. The test
sample and control were mixed with a
suspension of the Micrococcus lysodeikticus test
culture (strain No. 2665, L.A. Tarasevich GISK),
and antilysocyme activity was determined by the
optical density of the resulting mixtures,
characterized in that the control used a mixture of
nutrient broth with lysozyme, incubated the
supernatant with lysozyme, introduced the
incubated mixture into a pre-treated Trilon B test
culture and measuring the optical density of the
experimental sample and control in 2 and 4
hours, then calculated antilysocyme activity
according to the formula:

K = Vk-V.-Ci-(Mo4 - Mg2)
My - M2

where K is the coefficient of blastocysts
antilysocyme activity; Vk - the volume of the broth
culture of the studied strain; V. is the volume of
lysozyme solution in the initial concentration; Cy -
lysozyme concentration; Mos is the average
optical density of experimental wells with a broth
culture of the studied strain with lysozyme after 4
hours of incubation, units optical density; Mo is
the average optical density of experimental wells
with a broth culture of the studied strain with
lysozyme after 2 hours of incubation, units optical
density; Mks - the average value of the optical
density of control wells with a broth culture of the
studied strain without lysozyme after 4 hours of
incubation, units optical density; Mk. - the
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average optical density of the control wells with a
broth culture of the studied strain without
lysozyme after 2 hours of incubation, units optical
density; 100 - conversion factor.

Microorganisms  antilactoferrin  activity
(ALFA) of was studied according to the method
described O.V. Bukharin et al. [24]. The amount
of lactoferrin was determined by the method of
enzyme-linked immunosorbent assay using sets
of "Lactoferrin-strip”, CJSC "Vector - Best",
Novosibirsk. Test culture Blastocystis spp. was
grown on solid nutrient medium; a microbial
suspension was prepared from the grown agar
culture, mixed with lactoferrin, while preparing a
control., a liquid nutrient medium was added to
the control instead of a microbial suspension. The
test sample and control were incubated, the
supernatant was separated from the simple
blastocyst cells by centrifugation, determining the
concentration of lactoferrin in the experimental
and control samples by enzyme immunoassay
and then calculate ALfa according to the formula:
ALFA=Ck-Co,
where: ALFA - antilactoferrin activity, ng of
inactivated lactoferrin / ml supernatant; Ck is
lactoferrin concentration in the control, ng / ml;
Co - lactoferrin concentration of in the
experiment, ng / ml.

The antihistone activity of the studied
microorganisms was determined by the
photometric method [25]. To do it histone
preparation from bovine thymus manufactured by
Sigma (USA) in the form of a lyophilized powder
containing a total fraction of histones was used.
Test Blastocystis spp culture. grown in a liquid
nutrient medium, was treated with chloroform, the
culture fluid was separated, mixed with histone
solution, simultaneously preparing two control
samples. Isotonic NaCl solution was added in
Control 1, instead of histones solution, and in
control 2 liquid nutrient medium was added
instead of culture fluid. The experimental and
control samples were incubated, after incubation,
the meat-peptone broth and the Micrococcus
luteus test culture (GISK 211001) were added to
all samples, re-incubated, the optical density of
the suspensions was measured in the experiment
and controls, then antihistone activity was
calculated be the formular

( oDts —oDcl

*12.84mcg / ml
oDcl—-oDc2

where: oDts -optical density of the test sample;
oDc1 -optical density of control1; oDc2 — optical
density of control 2.

3. RESULTS AND DISCUSSION

The study was performed in 129 workers
of the enterprise aged from 25 to 55. The control
group consisted of 50 healthy m. persons.

Analysis of outpatient cards, record cards
with the results of periodic medical examinations
for the period from 2013 to 2017, revealed a
number of diseases in the studied group.
Vibration disease was on the first place (78.30 %
2.7%), diseases of the hearing organs were
registered in 43.20 + 3.2% of workers, diseases
of the nervous and cardiovascular systems in
3240 £ 3.4 % and 28.6 = 1.3%, respectively,
acute respiratory infections in the mean of 19.20
t+ 1.8%, diseases of the musculoskeletal system
in 8.40 £ 1.7%. A high percentage of digestive
organs diseases were registered, their rate was
62.30 £ 3.6% (80 persons).

The gastrointestinal tract plays a
significant role in the human body since the main
physiological processes occur there. Therefore,
the proper functioning of the human digestive
system serves as the basis for normal and full life
support. The question of the influence of
industrial and technical factors on the microbiome
of the human body, which actively performs many
functions that provide homeostasis, is still not
clear. So monitoring of human health under the
influence of unfavorable factors of the working
environment and their influence on the digestive
system of the body was performed.

In this connection, studied subjects were
divided into three groups, depending on the
duration of contact with destabilizing industrial
factors. The first group consisted of employees
working at the enterprise from 1 to 5 years - 26
persons (32.5 £ 2.7%, p <0.03), the second
included those who worked at the enterprise from
5 to 10 years - 32 people (40.0 £ 3.9%, p <0.05),
the third group consisted of employees working at
the enterprise 10-15 years and more - 22 persons
(27.5 £ 1.4%, p <0.03).

Diagnosis of the qualitative and
quantitative composition of the intestinal
microbiocenosis of the examined patients
showed disturbances on the part of normoflora.
Besides, a decrease in the occurrence of the
representatives of obligate microflora was shown:
bifidobacteria and propionic bacteria to 854 %
3.4%, 81.3 £ 3.1%, respectively (p < 0.05),
lactobacilli to 77.4% % 4.3 (p < 0.03), bacteroids
up to 87.5 = 3.9%, (p < 0.05), non-hemolytic E.
coli up to 68.3 £ 2.9%, (p < 0.05) . In the control
group, these figures were within the range of 98-
100% (p < 0.03). A decrease in the density of
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colonization was observed in these groups of
microorganisms, for example, for bifidobacteria, it
averaged log 6.4 £ 0.4 CFU/g, for lactobacilli and
bacteroids, log 7.0 + 0.1 CFU/g and log 8.5 £ 0.1
CFUlqg, respectively (p < 0.05).

Depending on the duration of work in the
foundry, the frequency and density of colonization
of obligate endoflora representatives varied
among workers of the 2nd group, reaching
maximum deviations from the normocenosis in
the examined from the 3rd group. The most
visible disorders in the obligate group of microbes
were noted among the workers with more than
ten years of work experience. The seeding rate in
relation to the bifidobacteria group was log 5.3 +
0.2 CFU/g, for lactobacilli log 6.2 £+ 0.1 CFU/g,
which is significantly lower than in the
comparison group. In the control group, the
seeding rate for bifidobacteria and lactobacilli
was Ig 10.5 + 0.3 CFU/g and log 9.9 + 0.4 CFU/qg,
respectively (p <0.05).

The occurrence of opportunistic flora
increased depending on the duration of the
technogenic  factors of the  production
environment action. High colonization density
was observed for bacteria genus Enterococcus
spp., Proteus spp., Staphylococcus spp., and
fungi genus Candida spp. Their dissemination
rates were significantly higher in comparison with
the control group and amounted on average to 1g
10.2 + 0.3 CFU/g, log 2.6 £ 0.4 CFU/g, log 5.0 +
0.3 CFU/g and log 4.5 + 0.4 CFU/g, respectively
(p <0.05). In the control group, these figures were
as follows: log 2.5 + 0.3 CFU/g, 1g 0.9 + 0.4
CFU/g, 1g 2.3 £ 0.3 CFU/g and 1g 24 £ 0, 4
CFUl/g, respectively (p <0.05). The occurrence
and the density of colonization of opportunistic
microbes were directly dependent on the length
of service at the enterprise.

A significant increase in the content of
Escherichia coli with hemolytic activity should be
stressed. This indicates their high pathogenicity
compared with the control group.

At present, much attention is paid to the
importance of colonic dysbiosis in parasitoses.
So, besides representatives of the bacterial flora,
an assessment of the intestinal parasitocenosis
was performed in the subjects studied.
Blastocystis spp. (62.00 + 5.4%), Lamblia
intestinalis (36.72 + 3.2%) and Entamoeba coli
(16.34 + 1.3%) prevailed as to the frequency of
their occurrence.

Studies have shown that, depending on
the duration of work in the foundry, the detection
of blastocysts in the feces of workers increases

from 56.30 £ 4.6% in the first group to 85.63 £ 7.8%
in the third group.

A study of the biological properties of
Blastocystis spp., colonizing the mucous
membranes of the large intestine, will allow
developing new approaches to assessing the
participation of this pathogen in the development
of the pathological process, explain the possible
reason for the presence of blastocysts in the
studied biotope and determine the participation of
these protozoa in the formation of the intestinal
biome in the persons under study.

Blastocyst strains isolated from the
intestines of foundry workers were selected as a
material for the study. All the subjects were
divided into four groups depending on the
severity of dysbiotic disorders (Table 1).

To date, there is no universally accepted
classification of intestinal dysbiosis. Classification
Intestinal flora dysbiosis, proposed by G.
Kuznetsova (1972), was used in this work. It
includes 4 degrees of colonic dysbiosis severity:
stage | showed a decrease in the number of
bifidobacteria and lactobacilli, stage Il was
characterized by a pronounced increase and
subsequent predominance of colibacterial flora,
appearance of atypical and enzymatically
defective E. Coli, in stage Il high titers of optional
flora associations (staphylococci, streptococci,
clostridia, fungi of the genus Candida, etc.) were
registered while bifidobacteria and lactobacilli
decreased on this background and stage IV with
a predominance of Proteus or Pseudomonas
aeruginosa prevalence.

With an increase in work experience from
1 to 15 years or more, the factors of dysbiotic
manifestations increased, characterized by
quantitative  and qualitative  values  of
microorganisms underlying the determination of
dysbiosis of varying severity.

The studies performed allowed to
determine the quantitative composition of the
blastocyst strains isolated from the examined
individuals, depending on the degree of intestinal
dysbiosis(Table 1).

The greatest number of Blastocystis spp.
was found in individuals with dysbiotic changes of
the Il degree of severity - 28 strains (47.50 1.7%,
p <0.03).

The control group (50 people) consisted of
persons undergoing outpatient treatment and not
contacting the harmful factors of the working
environment. The data obtained above were
analyzed considering the questionnaire survey, in
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which the persons of the comparison group
participated. In persons from this group, dysbiosis
of varying severity was observed in 4.0 0.7%, p
<0.03, blastocyst invasion in 12.0 0.2%, p <0.03
(6 people).

The study of biological properties was
carried out on the example of ALA, ALPA, and
AGA activities, which are quite widely
represented in the group of opportunistic
bacteria. However, the study of these fraits in
Blastocystis spp., isolated in individuals exposed
to destabilizing factors of foundry and aggravated
by gastrointestinal diseases, was not yet carried
out.

The role of lysozyme in protecting the
macroorganism from infection is well known.
Antilysocyme activity is one of the factors that
increase the tolerance of microorganisms to the
action of human and animal serum lysozyme.
Some authors believe that antilysocyme activity
contributes to the long-term survival of
microorganisms in a macroorganism and can be
used in bacteriological laboratories to assess the
etiological role of isolated cultures.

Of the 62 studied blastocyst strains, 56
(89.28 + 5.7%) possessed the studied trait. To
analyze persistent characteristics of Blastocystis
spp. Three groups of protozoa were chosen: the
first included strains with a low ALA level - up to 2
Mg / ml inclusive, the second with a mean ALA
level of 3-4 ug / ml, and the third with a high ALA
level - 5 ug/ml or more. The proportion of strains
with low ALA values was 33.92 + 2.3% (19
strains), with mean ALA - 50.01 = 4.6% (28
strains) and 16.07.23 + 1.7% (9 strains) with high
ALA values (Table 2).

Table 3 shows that half of the blastocyst
strains (50.01 £ 4.6%) isolated from the workers
had average antilysocyme activity values within
the range of 3-4 ug/ml. The proportion of
Blastocystis spp. isolates with low and high
values of the studied trait were 33.92 + 2.3% and
16.07 + 1.7%, respectively.

The performed studies revealed a direct
dependence of the ALA blastocysts manifestation
on the severity of dysbiotic changes (Table 3).

Thus, blastocysts isolated in individuals
with grade | dysbiosis were characterized to a

greater extent by low ALA levels, which
amounted to 2.1 £ 0.02 mg/ml, while protozoa
strains with grade Ill and IV dysbiosis had

completely no low values of the studied trait.
Increased ALA levels in blastocysts were
observed with more pronounced factors of

intestinal dysbiotic disorders in workers. Among
the nine protozoa strains isolated in dysbiosis of
the IV degree of severity, two strains were
characterized by mean (2.3 + 0.02 mg/ml) and
seven strains (2.7 £ 0.05 mg/ml) high level of the
studied property.

Such an increase in the expression of
antilysocyme activity in different degrees of
dysbiosis is due to the fact that during biocenosis,
which is characterized by a high content of
opportunistic flora and a sharp decrease in
obligate representatives (IV degree of dysbiosis),
an inflammatory state of the intestinal mucosa is
observed, which is accompanied by the
increased  concentration of  endogenous
lysozyme, intensely secreted by exocrinocytes of
the colon in response to increased colonization of
the digestive tract by optional microorganisms. It
can be assumed that assimilating the ecological
niche of Blastocystis spp. they produce lysozyme,
necessary for the formation of biocenosis, which
can lead to a compensatory ALA increase in
representatives of the obligate group.

Thet antilactoferrin activity (ALFA) of
protozoa was studied. Data on ALFA prevalence
and severity in Blastocystis spp., isolated in
foundry workers, show that the studied protozoa
are highly able to inactivate lactoferrin.
Antilactoferin activity was revealed with a
frequency of 69.35 £ 3.7% (43 strains).

Prevalence of ALFA Blastocystis spp.
ranged from 65 to 289 ng/ml (Table 4).
Depending on the parameters of the studied
property, all the studied strains were divided into
three groups.

The first group of blastocyst cultures had
low values of the studied trait, which were in the
range of 65-161 + 22.2 ng/ml, the second -
means - 162-223 + 30.7 ng/ml and the third high -
224-289 * 49.3 ng/ml. An analysis of the
quantitative relations of the studied characteristic
showed that almost half of the blastocyst strains
were characterized by an average ALFA value
(45.51 £ 2.3%). 32.56 + 2.7% and 20.93 + 3.7%
of the studied strains showed, respectively, high
and low ALFA values.

As the studies showed, the number of
blastocyst strains with high persistent properties
had a low percentage of occurrence or was
completely absent in dysbiosis of | and Il degrees
of severity (Table 5). Thus, ALFA analysis
showed that protozoa strains isolated in those
examined with | degree of dysbiosis had neither
mean or high level of the studied trait. In this
group, only one strain of blastocysts was

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

1063



characterized by a low value (65-161 + 22.2
ng/ml) of the trait.

In the Ill degree of intestinal dysbiosis,
approximately there was the same number of
strains, both with mean and low values of the
trait. It should be noted that in significant
disturbances of the qualitative and quantitative
intestinal microflora composition, characterized
by an IV degree of dysbiosis, only blastocyst
strains were obtained in the experiment that
inactivated lactoferrin in high concentrations of
the studied persistent property in 11 isolates.

Of the 62 blastocyst strains, 32
Blastocystis spp.isolates, isolated from feces of
workers, with the pathology of the gastrointestinal
tract, had antihistone activity.

The values of antihistone activity ranged
from 1.3-12.8 ng/ml, and in mean, were 9.1+ 1.6
ng/ml. The results obtained in the experiment
allowed to divide all the studied blastocyst strains
into three groups (Table 6).

The determination of the AHA level
revealed in the vast majority of protozoa low
(1.3-5.3 £ 0.9) and mean (5.7-9.1 4.3 ng/ml)
values of the studied trait. Such cultures
accounted for 89.28 3.9% of the studied
blastocyst strains. The third group consisted of
blastocyst strains with high AHA values (9.2-12.8
4.6 ng/ml) (Table 7).

The number of blastocyst strains isolated
from feces of persons in contact with harmful
factors of the working environment without
obvious dysbiotic disturbances (I degree of
dysbiosis) showed the prevalence of protozoa
strains with a number of manifested AHA traits.
On the contrary, a high level of antihistone
activity was observed in blastocyst strains
isolated in individuals with dysbiotic changes of
moderate and high severity.

Thus, blastocyst strains isolated from
feces of individuals exposed to destabilizing
factors of the working environment are capable of
inactivating certain factors of the natural anti-
infection resistance of the microorganism (ALA,
ALFA, and AHA). The results of the study allowed
not only to reveal them but also to rank according
to the degree of their information content (Figure

1),

The antilysocyme trait is the main
persistent trait that determines the formation of
the intestinal microbiocenosis of a given biotope.
It was recorded with a frequency of 89.28 + 5.7%.
Isolated Blastocystis spp. strains possess high
values of the studied persistent characteristics

(ALA, ALFA, AHA) characterizing their persistent
activity.

These traits contribute to the
displacement of the dominant symbionts of the
intestinal flora by blastocysts, colonization of
mucous membranes by the protozoa studied, and
leads to the formation of special parasitocenosis.

Since Blastocystis spp. possess a wide
range of persistent symptoms, the question
raises on protozoal infection of the
macroorganism cell nucleus, and it is possible to
confirm this at the light microscopic level, make
an indirect assessment of the morbidity of the
population by the occurrence rate of protozoan
strains isolated from this contingent of the
examined individuals, and also use them to
diagnose and predict blastocystosis.

A study of the relationship between the
severity of dysbiotic changes and persistent
characteristics revealed an increase in the
persistent characteristics of blastocysts with an
increase in the severity of microecological
disturbances in the intestine. The revealed
relationship between persistent features of
protozoa and the severity of disturbances in the
intestinal microbiocenosis made it possible to
consider persistence factors as markers of the
dysbiotic process.

4. CONCLUSION

The study of the intestinal microbiome in
persons working in foundry conditions,
characterized by the complex effect of the
examined factors of physical and chemical nature
on the body, allowed to detect qualitative and
quantitative changes in the composition of the
normal flora of the large intestine. A decrease in
the occurrence of obligate  microflora
representatives and an increase in the
conditionally pathogenic group were registered.
Experimental data revealed four severity levels of
dysbiotic disorders in individuals of the examined
group, which were directly dependent on the
length of service at the enterprise. In persons
with an experience of 10-15 years or more, in
73.56 + 2.3% (p <0.05) of cases, there were
changes in intestinal dysbiosis of the 4th degree.
In the control group, no visible changes in the
composition of the obliterate representatives
were found (p <0.05).

The study of intestinal parasitocenosis of
the examined biotope showed the prevalence of
the protozoan group Blastocystis spp. (62.00 +
5.4%). The studies showed that, depending on
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the duration of work in the foundry, blastocysts in
the feces of workers increases from 56.30 + 4.6%
in the first group, where the duration of work
ranged from 1 year to 5 years, up to 85.63 %
7.8% in the examined, with experience of 10-15
years or more.

The studies performed allowed to
determine the quantitative composition of the
blastocyst strains isolated from the examined
individuals, depending on the degree of intestinal
dysbiosis.

The largest number of protozoa is
Blastocystis spp. found in the feces of individuals
with dysbiotic changes of the Il degree of severity
- 28 strains (47.50 1.7%, p <0.03). The data
obtained can be interpreted in the context of the
fact that the simplest blastocysts, together with a
community of other microorganisms, participate
in the formation of a special microbiocenosis of
the studied biotope, characterized by a decrease
in representatives of the obligate flora and a
significant increase in the optional one.

The data on a high level of severity of
persistent properties of strains of Blastocystis
spp. were obtained using ALA, ALFA, and AHA as
an example. The results of the study allowed not
only to detect them but also to rank according to
the degree of their information content. The
leading persistent trait that determines the
formation of the intestinal microbiocenosis of a
given biotope is their antilysocyme trait.

An increase in the persistent
characteristics of blastocysts with an increase in
the depth of microecological disturbances in the
intestine was established. The revealed
relationship between persistent features of
protozoa and the depth of disturbances in the
intestinal microbiocenosis made it possible to
consider persistence factors as markers of the
dysbiotic process.

5. REFERENCES

1. Abe, N. Molecular and phylogenetic
analysis of Blastocysts isolates from various
hosts. Vet Parasitol., 2004, 120(3), 235-242.

2. Afanasova O.E., Poteryaeva E.L.,
Vereshchagina G.N. The influence of working
conditions on the formation of arterial
hypertension in workers at high occupational
risk. Occupational medicine and industrial
ecology. 2010, 8, 19-22.

3. Blaser, M.J.; Falkow, S. Disappearing
Microbiota.  Clinical  pharmacology  and
therapy, 2014, 23(4), 7-15.

4. Bukharin, O.V. Method for determination
of antilysocyme activity of microorganisms.
Journal of Microbiology, 1984, 2, 27-39.

5. Bukharin, O. V.; Chernov, O. L.
Matyushina, S. B. A method for determining
the anticarnosine activity of microorganisms.
RF Patent No. 2132879, Patent holder
Institute of Cellular and Intracellular Symbiosis
of the Ural Branch of the Russian Academy of
Sciences, 1999, Bull. Number 19.

6. Bukharin, O. V.; Nemtseva, N. V.
Yatsenko-Stepanova, T.N. Assessment of the
relationship of symbionts of phytoplankton
community. Ecology, 2010, 1, 17-21.

7. Bukharin, O. V.; Perunova, N. B
Chaynikova, I. N.; lvanovam, E. V.; Smolyagin,
A. I. Anticytokine activity of microorganisms.
Journal of Microbiology, Epidemiology and
Immunobiology, 2011, 4, 56-61.

8. Denisov, E. |l.; Prokopenko, L. V.
Sivochalova, O. V.; Chelishcheva, M. Yu.;
Chesalin, P. V. Methodological issues of
identifying and preventing diseases associated
with work. Saint-Petersburg. Proceedings of
the All-Russian scientific-practical conf. with
international participation: "Modern problems
of hygienic science and occupational
medicine." Ufa, 2010.

9. Dogruman, A.; Adisen, E.; Kustimur, S.;
Gurer, M.A. The role of protozoan parasites in
etiology of urticarial. Turkiye Parazitol Derg.,
2009, 33(2), 136-1309.

10. Hameed, D. M.; Hassanin, O. M.; Zuel-
Fakkar, N. M. Association of Blastocystis
hominis genetic subtypes with urticarial.
Parasitol Res., 2011, 108(3), 553-560.

11. Horiki, N.; Kaneda. Y.; Maruyama, M.;
Fujita, Y.; Tachibana, H. Intestinal blockage by
carcinoma and Blastocystis hominis infection.
Am. J. Trop. Med. Hyg., 1999, 60(3), 400-402.

12. Iguchi, A.; Ebisu, A.; Nagata, S.; Saitou,
Y.; Yoshikawa, H.; Iwatani, S.; Kimata, |.
Infectivity of different genotypes of human
Blastocystis hominis isolates in chickens and
rats. Parasitol. Int., 2007, 56(2), 107-112.

13. lzmerov, N.F. Occupational health risks
for workers: Hand-in; lzmerov, N.F.; Denisov,
E. I, eds; Trent: Moscow, 2003, p. 430.

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

1065



14. Jones, M. S.; Whipps, C. M.; Ganac, R.
D.; Hudson, N. R. Boorom, K. Association of
Blastocystis subtype 3 and 1 with patients
from an Oregon community presenting with
chronic gastrointestinal iliness. Parasitol. Res.,
2009, 104(2), 341-345.

15. Koza, N. M.; Sergeevnin, V. |.; Gorban,
L.Ya. The spread of intestinal protozoa among
the population of a large city. Materials of VI
All-Russian Congress of Epidemiologists,
Microbiologists and Parasitologists; LLC
"Rosinex": Moscow, 2002, 1, 339-340.

16. Krasnoperova, Yu.Yu. Characterization of
changes in the pathogenic potential of
symbiont microorganisms in protozoa-bacterial
associations: Ph.D. thesis. biol. Sciences,
Orenburg, 2009,

17. Kuchumova, S. Yu.; Poluektova, E. A;
Sheptulin, A. A.; lvashkin, V. T. Physiological
significance of intestinal microflora. Russian
Journal of Gastroenterology, Hepatology and
Coloproctology, 2011, 5, 17-27.

18. Kuvaeva, |. B.; Ladodo, K. S.
Microecological, and immune disorders in
children; Medicine: Moscow, 1991, p. 240.

19. Lazarenkov, A. M.; Khoreva, S. A.
Analysis of industrial factors of foundries.
Foundry and Metallurgy, 2016. Belarus:
proceedings of the 24th International Scientific
and Technical Conference (Minsk, October
19-21, 2016). Minsk: Publishing House of the
Belarusian National Technical University.
2016, 117-120.

20. Meloni, D.; Sanciu, G.; Poirier, P.; El
Alaoui, H.; Chabé, M.; Delhaes, L.; Dei-Cas,

E.; Delbac, F.; Luigi Fiori, P.; Di Cave, D
Viscogliosi, E. Molecular subtyping of
Blastocystis sp. isolates from symptomatic
patients in ltaly. Parasitol. Res., 2011, 109(3),
613-619.

21. Potaturkina-Nesterova, N.l.; Kvasova, N.
A.; Nesterov, A. S. Blastocyst invasion and
intestinal dysbiosis (monograph). Ulyanovsk:
Ulyanovsk State University Publishers, 2003.
P.221.

22. Sharapov, R. V. Transition from technical
to natural-technical systems. Mechanical
Engineering and Life Safety. 2012, 2 (12), 43-
46.

23. Soloviev, L. P. State of the monitoring
system of environmental and economic
systems. Mechanical Engineering and Life
Safety. 2013, 1, 15-19.

24. Starostina, O. Yu.; Zapariy, S. P,
Tolmacheva, A. M. The prevalence of parasitic
infestations in urban residents. Materials of
VIIlI All-Russia. Congress of Epidemiologists,
Microbiologists, and Parasitologists; Rosinex
LLC: Moscow, 2002, 1, 403-404.

25. Tsimmerman, Ya. S.; Tsimmerman, |. Ya.
Classification of gastroenterological diseases
and clinical syndromes, 4th ed., Perm, 2014.

26. Turovets, O. G. Organization of
production and enterprise management:
Textbook; Turovets, O.G.; Bukhalkov, M.l ;
Rodionov V. B., eds.; SIC INFRA-M: Moscow,
2015, p.506.

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

1066



%

ALFA

ALA

B blastocyst strains without the studied trait

B blastocyst strains with the studied trait

AHA

Fig. 1. Occurrence rate of ALA, ALFA, AHA in blastocyte strains

Table 1. Factors of dysbiotic disorders of the large intestine of workers invaded by

Blastocystis spp.
Degree of Number of Occurrence Number of
intestinal examined frequency of Blastocystis
dysbiosis (n) intestinal spp. strains
dysbiosis (%)
| 24 30.00% 2.2% 18
I 38 4750+ 1.7% 28
Il 11 13.75% 1.3% 9
v 7 8.75% 3.2% /
Total 80 100 62

Table 2. Indices of antilysocyme activity (ALA) in Blastocystis spp.

Number of strains

Occurrence rate

Groups with ALA (abs.) (%)

1 group

(low ALA values) 19 33.92+2.3
2 group

(mean ALA 28 50.01t4.6
values)

3 group

(high ALA values) 9 16,07+1,7
Total 56 100
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Table 3. The relationship of the degree of intestinal dysbiosis with the severity of the Blastocystis

spp.antilysocyme activity

Number Low ALA Mean High ALA
Degree of of level ALA level level
intestinal jjirt?‘ms (mg/ml) (mg/ml) (mg/ml)
dysbiosis ALA 2.1+0,02 2,3+0,02 2,7+0,05
(abs)
! 10 3 -
Il 11 i 6 5
Y 9 - 2 7
0 30.36 % 3571+ s o
b 100 >.6% 159 33.93% 5.6%

Table 4. Indicators of antilactoferrin activity (ALFA) in Blastocystis spp.

Number of strains with

Occurrence rate

Groups ALFA (abs) (%)

1 group

(low ALFA levels) 9 20.93+3.7
2 group

(mean ALFA levels) 20 45.51+2.3
3 group

(high ALFA levels) 14 32.56+2.7
Total 43 100

Table 5. The relationship of intestinal dysbiosis degree with the severity of Blastocystis

spp.antilactoferrin

nymber Low ALFA noan High ALFA
Degree of strains level level level
intestinal ith (ng/ml) nl (ng/ml)
dysbiosis wit (mg/ni)
ALFA 65- 162- 224-
(abs.) 161+22.2 223+30.7 289+49.3
I - 1 - -
Il 19 9 2 7
1l 13 - 6 7
v 11 - - 11
Bcero 43 10 8 25
0 23.25% 18.60 % n
Yo 100 54 36 58.15T 53
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Table 6. Parameters of antihistone activity (AHA) in Blastocystis spp.

Groups Number of strains with Occurrence rate
P AHA (abs.) (%)

1 group

(low ALFA levels) 20 62.50+2.1

2 group

(mean ALFA 8 25.00+1.2

levels)

3 group

(high ALFA levels) 4 12.5043.7

total 32 100

Table 7. The relationship of the intestinal dysbiosis degree with the manifestation of Blastocystis spp.
antihistone activity

Number Low AHA Mean High AHA
Intestinal of level AHA level level
dysbiosis st.rains (ng/ml) (ng/ml) (ng/ml)
degree "A";_tl'; 13- 57.91+ 9.2-12.8+
(abs) 5.310.9 4.3 4.6
I 15 12 3 -
Il 9 - 9 -
11 4 - 3 1
\i 4 - - 4
Bcero 32 12 15 5
0 37.50% 46.88 % I
Yo 100 53 07 15.63T 1.3
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