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METHODICAL APPROACHES OF ESTIMATION OF PROBIOTICS QUALITY AND
RATIONAL PRINCIPLESOF THEIR USAGE IN CLINICAL PRACTICE

L. Lazarenko, R. Bubnov, L. Babenko, O. Melnykova, M. Spivak

Ocmannim yacom npobiomuKy cmanu WUpoKo 8UKOPUCIOBY8AMU 8 AKOCMI 00NOMIdXCHOI mepanii npu 6azamvox
3aX60PIOBAHHAX, MAKUX AK KUWKOSI | YpO2eHIimanbHi ingeKyii, 3aX80PI0AHHA UWITYHKOBO-KUUKOB020 MPAKMY i
OUXANLHUX WATIAXIB, A MAKOC YPAICEHHS CY2n00i6 [ CNOTYUHOI MKAHUHU, 0esKi 6UU paky, anepeii, depmamo-
JIO2TYHI ma cMmomMamoo2iuti 3axeoproéantst. Tum He MeHut, 00 YUX nip HEMAae 36e0eHUX PeKOMeHOayil 3 6i000py
ma OYiHKU eheKmueHoCmi npoOIOMUYHUX UWMAMIE O/l PI3HUX KIIHIYHUX eunadkie. Tomy 6 danmiti pobomi namu
byna 3ibpana i npoananizosana inopmayis npo mMemoou OYiHKU AKOCMI nPOOIOMUKI6 I pO3pOOKY PAYIOHANbHUX
NPUHYUNIE 3ACMOCYB8AHHS NPOOIOMUKIE 8 KIIHIYHIL NpaKmuyi npu NiKy6anHi RAYIEHMI8 3 HAUOLIbUL NOWUD eHUMU
3axeoproeanHamu i ix npoginaxmuyi. Onucano OCHOGHI NPUHYUNU BNPOBAONCEHHS NOKPOKOBOI OYIHKU SAKOCHE
npooOioMUYHOI KyIbmypu 8 Xap4o8ux npooyKmax 8ionogioHo 00 HOpMAmusHux akmie Bcecsimnvoi opeanizayii
oxopoHu 300pos's, €sponeticokozo Cow3y, Yrpainu ma inwux kpain. IIpedcmagneni eumozu 0 OyinKu be3nexu
npoOGIOMUYHUX KYIbMYp, AKI KII0OUAIOMb MECMY8AHHA iX aKMUSHOCMI in Vitro ma in vivo HA pi3HUX eKcnepu-
MEHMATbHUX MOOENSX, A MAKONC BUBYEHHS IX mepanesmuyHoi e(peKmueHoCmi 6 KIIHIYHIL npakmuyi npu JiKy-
BAHHI NAYIEHMIE T NPOMSA2OM MPUBATO20 NePiody nicia npobiomuunoi mepanii. Taxooc 6 cmammi nagedeni oami
U000 MONCIUBUX NOOIUHUX eheKmis, PusuKie abo HU3bKOI eqheKmueHOCmi 3acmocy8anHs nPoOIOMuUKIs, sKi 3a-
Jedicams i0 IHOUBIOYAbHUX XAPAKMEPUCTNUK KOJICHO20 NAYIEHMA, KIILKICHO20 [ SIKICHO20 CKAA0Y KUUWKOGOL
Mikpobiomu, cmadii | majckocmi KIIHIYH020 nepedizy KOJNCHO20 KOHKPEMHO20 3axX80piosanHs. Buxoodsuu 3 yvo-
20, OyJIce BaJCIUBO BPAXOBYEAMU 6CI 0CODIUBOCHI Op2aHIZMY NayieHmie i 30upamu 6ci paHiuie HAKONUYEHI

3HAHHSA NPO BUKOPUCMAHHA NPOOIOMUKIE
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1. Introduction

The development of probiotics for the prevention
and treatment of the most common diseases, including
infectious-inflammatory processes, is an important area
of modern biotechnology, microbiology, immunology
and medicine [1, 2]. Probiotics have a wide range of bio-
logical activity: affect metabolism; improve the barrier
function of the gastrointestinal tract; normalize the quali-
tative and quantitative composition of microbiota of dif-
ferent human biotopes and the development of the in-
flammatory response of the organism; decrease intestinal
pH; reduce colonization and invasion by pathogens; in-
hibit the growth of opportunistic microorganisms and so
on [3, 4]. Probiotics (immunobiotics), that interact with
different recognition receptors (e.g. Toll-like), expressed
in non-immune and immune cells, have immunomodula-
tory efficacy, aimed at balancing the production of a
number of pro- and anti-inflammatory cytokines [5].

So, the aim of the work was to collect and analyze
relevant information about estimation of probiotics’ qual-
ity and development of rational principles of probiotic
therapy usage in clinical practice during the treatment of
patients with the most common diseases and for their
prevention.

2. Proven benefits of using probiotics

The results of many clinical and experimental
studies have substantiated the feasibility of using safe
drugs of natural origin — probiotics, created on the basis

of commensal microbiota of the mucous membranes of
humans (especially different strains of lactobacilli
(LAB)), as well as for the prevention of infectious-
inflammatory and other diseases and increasing of clini-
cal efficacy of the individual complex treatment of pa-
tients. Nowadays probiotics are widely used in clinical
practice in the treatment of patients with acute intestinal
infections; diseases of the gastrointestinal tract (gastric
ulcer and 12 duodenal ulcer, pancreatitis, cholecystitis,
liver and biliary tract diseases, enteritis, viral hepatitis,
gastritis, colitis); respiratory tract (pneumonia, bronchi-
tis, etc.), urogenital system, also joints and connective
tissue lesions, some cancers, allergies, dermatological
and dental diseases, urolithiasis, etc. [1, 6, 7]. Probiotic
therapy is performed together with etiotropic therapy or
alone and is used in patients of all age groups, including
newborns. The scope of probiotics is constantly expand-
ing. Thus, the results of the meta-analysis showed the ef-
fectiveness of probiotic therapy in patients with type 2
diabetes [8, 9], irritable bowel syndrome [10], Helico-
bacter pylori-associated diseases [11], depressive states
[12], atopic dermatitis (in children) [13]. The results of
the meta-analysis showed that cellular immune response
in healthy elderly people was activated as a result of pro-
biotic therapy [14]. Probiotics are used to prevent post-
operative complications (pneumonia and sepsis), as well
as reduce the duration of antibiotic treatment and staying
in hospital [15]. Probiotic therapy has been effective in
sepsis preventing and colonization of the gastrointestinal
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tract by microscopic fungi of the Candida genus in pre-
term infants. The usage of probiotics reduced the se-
verity of necrotic enterocolitis and mortality in prema-
ture infants and facilitated the course of antibiotic-
induced diarrhea in critically ill children [16, 17]. Ac-
cording to the meta-analysis, the effectiveness of probi-
otic therapy has also been proven in various experi-
mental models in animals: experimental acute pancrea-
titis [18], necrotic enterocolitis [19], and obesity [20].
Probiotic strains of lactobacilli and bifidobacteria had
antibacterial, anti-inflammatory and immunomodulato-
ry effects in the experimental generalized staphylococ-
cal infection [21].

At the same time, some clinical and experimental
studies have shown a limited efficacy or even ineffec-
tiveness of probiotic therapy. Therefore, the use of pro-
biotics has been ineffective in gastrointestinal tract
dysbiosis [22], excessive bacterial growth in the small in-
testine [23], functional constipation in children [24],
schizophrenia [25], during the treatment of patients with
pneumonia in intensive care units [26]. Probiotics had no
therapeutic effect in the experimental model of crypto-
coccosis [27] and intestinal dysbiosis [22].

The low efficiency or inefficiency of probiotics,
first of all, is related to the fact that only a small number
of living probiotic microorganisms are engrafted in gut;
they do not integrate into biofilms and do not perform
their physiological functions. It is believed, that the op-
timal positive effect of probiotics depends on individual
characteristics of quantitative and qualitative composi-
tion of the gut microbiota and clinical manifestations of
each specific disease [28]. Therefore, to increase the ef-
fectiveness of probiotic therapy, it is advisable to create
probiotics, specific to each individual disease [29], and
also to implement in clinical practice rational schemes of
their personalized usage [30], taking into account the op-
timal dosage regimens and the duration of probiotic ther-
apy, depending on age, nature of the course and severity
of the pathological process of the patient, level of dysbi-
otic and immune disorders; as well as a rational way of
their introduction (oral, rectal, vaginal) [1]. It's important
to mean, that probiotics should be administered at least
two hours after antibiotics' administration in cases,
where probiotic therapy is carried out with etiotropic
therapy [2].

3. Key principles of probiotics assessment

Nowadays the key principles of probiotic assess-
ment in food are identified and a step-by-step estimation
of probiotics quality is recommended, using a proposed
scheme that provides testing of safety and efficacy of
probiotic cultures in vitro and in vivo. The main require-
ments for probiotics are safety; resistance to gastric juice,
bile, phenol, food enzymes and so on; antagonistic activi-
ty against pathogenic and opportunistic microorganisms;
high biosynthetic activity; immunomodulatory proper-
ties; natural resistance to antibiotics, especially those,
widely used in clinical practice; normalization of the
qualitative and quantitative composition of microbiota of
different biotopes; rapid reactivation of the biomass in
biotopes, etc. [1, 2]. Probiotics and functional food with
probiotic activity are generally considered as safe and
well tolerated. At the same time, the clinical effective-
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ness of probiotics was found to depend on factors, such
as their species and strain composition; the concentration
of cells of certain types of microorganisms; technologies
of their production; as well as the nature of microecolog-
ical disturbances in the macroorganism qualitative and
quantitative composition of microbiota of different bio-
topes; immune system state and features of clinical
course of pathological processes, etc. [1, 2]. An im-
portant requirement for probiotics is also their multifac-
torial effect [3].

The main criteria for the selection of probiotics
are their quality (qualitative and quantitative composition
of probiotic cultures, confirmed by microbiological anal-
ysis and genotyping), as well as efficiency and safety,
confirmed by the results of their use in clinical practice.
According to regulations from the World Health Organi-
zation (WHO) and the US Food and Drug Administration
(FDA), probiotics, above all, representatives of the gene-
ra Lactococcus and Lactobacillus, have the GRAS (Gen-
erally Regarded As Safe) status, that is, they are general-
ly safe. Lactobacilli have a long history of being used as
a probiotic with no identified human risk; they do not
show pathogenic or virulent properties, which are con-
sidered the best evidence of their safety. In this regard,
unrestricted use of probiotic cultures of lactobacilli in
food and pharmaceutical industries is permitted [31, 32].

The results of controlled clinical trials have shown
the safety of most probiotics, used for the treatment of
adult patients, children and newborns, and also diseases’
prevention [7, 33, 34]. However, today there are several
theoretical views regarding the safety of probiotic therapy:

1) the development of local or systemic infec-
tions, including bacteremia, fungemia, meningitis, endo-
carditis, etc. [7, 10];

2) the occurrence of metabolic and toxic disorders
(e.g. invasion of epithelial cells, degradation of the intes-
tinal layer of mucin, production of toxins, etc.);

3) transfer of plasmids, containing antibiotic re-
sistance genes and virulence factors in the gastrointesti-
nal microbiota, and as a result of the formation of new
clones of bacterial strains;

4) excessive stimulation of the immune system in
susceptible individuals [32, 35], which threatens human
health [36, 37].

The most common complications after probiotic
therapy occurred in critically ill patients in the ICU; pa-
tients, who underwent surgery; in critically ill children
[10]. Probiotics should be used with caution in patients
with severe immunodeficiency or in patients with cen-
tral venous catheters to avoid side effects such as sys-
temic infections [2]. In some clinical cases, probiotics
have caused bacteremia, fungemia, and sepsis in im-
munocompromised children [16]. It is important to
note, that cases of local and systemic infectious pro-
cesses, induced by lactobacilli and bifidobacteria are
extremely rare in adult patients. For example, infectious
endocarditis and bacteremia after probiotic therapy
were found in only 0.05-0.4 % of cases [38, 39]. Fol-
lowing the consumption of probiotic strains of lactobacil-
li and bifidobacteria in food, the risk of bacteremia is al-
so low [40]. Lactobacillemia due to the consumption of
fermented dairy products is extremely rare only in sensi-
tive individuals [41].



Scientific Journal «ScienceRise:Biological Science»

Nel(22)2020

Also these side effects of probiotic therapy de-
pend on the taxonomic nature and biological properties
of the strains of probiotic cultures [1]. The safety of pro-
biotic cultures that are part of probiotics is controlled in
the United States in accordance with FDA requirements,
and in the European Union — the Food Safety Authority
(EFSA), International Organization for Standardization
(ISO), Food and Agriculture Organization (FAO), and
WHO. In Ukraine, the issue of quality and biosafety of
probiotics (food supplements) is regulated by such nor-
mative acts as the State Pharmacopoeia of Ukraine and
the Law of Ukraine “About Basic Principles and Re-
quirements for Food Safety and Quality”, which provides
usage of regulatory requirements of the USA and the Eu-
ropean Union. The main requirements for probiotics are
safety; resistance to gastric juice, bile, phenol, food en-
zymes, etc.; antagonistic activity against pathogenic and
opportunistic microorganisms; high biosynthetic activity;
immunomodulatory properties; natural resistance to anti-
biotics, especially those, widely used in clinical practice;
normalization of the qualitative and quantitative compo-
sition of microbiota of different biotopes; rapid reactiva-
tion of the biomass in biotopes and so on [1, 2].

The Guidelines for the Evaluation of Probiotics in
Food, adopted jointly by the FAO and WHO Working
Groups in 2002, set out key principles for evaluation of
probiotics in food [42].

A step-by-step assessment of the quality of probi-
otics is recommended by the standard scheme:

— identify the strain, using phenotypic and geno-
typic research methods (determine genus, species, strain)
and deposit it in an international collection of microor-
ganisms;

— investigate the functional properties in vitro and
in vivo, using animal models;

— estimate safety in vitro and in vivo, using animal
models as well as in clinical studies (Stage 1);

—conduct double-blind, randomized placebo-
controlled clinical trials (Stage 2); other independent
double-blind, randomized, placebo-controlled -clinical
trials are recommended to confirm positive results;

— compare the effectiveness of a probiotic to the
standard treatment (Stage 3);

—conduct prolonged observations after conduct-
ing probiotic therapy (Stage 4); determine their side ef-
fects.

Foods with probiotic properties (dietary supple-
ments) are not usually tested in Stage 3, which is for
comparison to the standard therapy. Important in evaluat-
ing of effectiveness of probiotic therapy are: improving
the quality of life and health of people; reducing the risk
of disease or reducing the rate of relapse; rapid recovery
from illness and the like. Each of these features should
correlate with a probiotic under study [42].

4. Evaluation of safety of probiotics

The main requirements for the safety of probiotics are:

1) their clear genus, species and strain identifica-
tion;

2) identification of non-pathogenicity for humans
and animals;

3) detection of plasmids, containing antibiotic re-
sistance genes and virulence factors;

4) evaluation of metabolic activity (e.g. produc-
tion of D-lactate, deconjugation of bile salts, etc.);

5) study of the ability of a, strain belonging to a
species known, to be a mammalian toxin producer or
hemolytic potential for the production of toxins (one of
the possible schemes for testing toxins was recommend-
ed by the EU Scientific Committee on Animal Nutrition
in 2000) and its hemolytic activity [37];

6) determination of immunotoxicity [42, 43];

7) detection of adverse side effects during probi-
otic testing in clinical trials and in long periods after pro-
biotic therapy (after entering the market) [44, 45]. Much
attention is paid to the genetic stability of probiotic cul-
tures, as well as the risk of their translocation into the pe-
ripheral blood and internal organs and tissues, for exam-
ple, due to the increased permeability of gastrointestinal
mucosa during inflammatory diseases [7].

Probiotic cultures that are part of probiotics must
be identified at the generic and species level and have a
strain passport. Traditionally, lactic acid bacteria are
classified on the basis of morphological and cultural
characteristics and physiological and biochemical proper-
ties, such as morphology, glucose fermentation method,
growth at different temperatures, configuration of syn-
thesized lactic acid, spectrum of fermented carbohydrates
and so on. However, some species are difficult to discern
by these signs. Particularly there are L. acidophilus, L.
casei and L. paracasei, as well as some bifidobacteria
that are part of probiotics and lactic acid products, such
as yoghurts. Therefore, polymerase chain reaction (PCR),
analysis of the 16s RNA gene are used for the identifica-
tion of species or differentiation of probiotic strains, as
well as methods of molecular typing, such as gel electro-
phoresis in a pulsed field, repeated PCR and the determi-
nation of restriction fragment length polymorphism and
so on. Species or even name of genus may indicate
strain's safety and technical suitability for usage in probi-
otic products [46]. The identification of lactic acid bacte-
ria must combine the determination of morphological and
cultural traits and physiological and biochemical prop-
erties and genotypic signs [42], same as to eliminate
falsification and to periodically control identity of the
original strain and the production culture in the process
of cultivation, and also to exclude its heterogeneity.
Genetic characteristics of the strain should include data
regarding the absence of extrachromosomal hereditary
factors — plasmids, transposons, bacteriophages in a ge-
nome.

The assessment of the safety of probiotic cultures
is carried out in vitro and in vivo. According to the
Guidelines for the Evaluation of Probiotics in Foods,
adopted jointly by the FAO and WHO Working Groups
in 2002, in vitro tests are used to determine the resistance
of probiotic cultures to acids and bile; antimicrobial ac-
tivity against potentially pathogenic bacteria; bile acid
salt hydrolase activity; resistance to spermicides (for
probiotics that are administered vaginally), their adhesion
to the mucous membranes or epithelial cells of human
and cell lines, resistance to antibiotics and the like [42].
Lactic acid bacteria have proven to be resistant to many
antibiotics, but in many cases such resistance has not
been transmissible. At the same time, they were sensitive
to many of the main antibiotics, which used in clinical

27




Scientific Journal «ScienceRise:Biological Science»

Nel(22)2020

practice (e.g. vancomycin, metronidazole, fidaxomicin,
etc.) [31, 40, 47]. It is important to note, that the “classi-
cal” safety assessment approaches that apply to patho-
gens are not justified for determination of safety of
commensal lactobacilli and bifidobacteria. In particular,
during determination of the risk assessment for patho-
gens, their pathogenicity is usually a consequence of sev-
eral properties, including colonization and concerted vir-
ulence factors. Often factors such as adhesion are consid-
ered as virulence factors in the study of pathogens. How-
ever, adhesion to a mucous membrane and other coloni-
zation factors are important features for most commen-
sals [40].

For lactobacilli and bifidobacteria safe probi-
otic cultures screening it is proposed to study the pro-
duction of biogenic amines, nitrogen reductase; to de-
termine B-glucuronidase activity, thrombin induction,
thrombin dissolution under the influence of various
hydrolases, thrombocyte aggregation, adhesion to fi-
brinogen or fibronectin, and also mucin degradation
and hemolysis [40].

Animal models are widely used during the study
of probiotic cultures safety in vivo, different lines of im-
munodeficient animals (including gnotobionts) are most
often used [44]. The pathogenicity of probiotics, their
acute and chronic toxicity, as well as dermatonecroticity,
immunotoxicity, translocation to the peripheral blood and
internal organs are determined in experimental models

using at least 2 species (nonlinear or linear) or 2 lines of
one species. Clinical signs of respiratory intoxication
(difficulty in nasal breathing, change in frequency, depth
of breath, change in skin color), motor activity (decrease
or increase in spontaneous motor activity, drowsiness)
the vascular system, the gastrointestinal tract and so on
are detected during evaluation of acute and chronic tox-
icity of probiotic cultures. After probiotic therapy it is
necessary to investigate changes in biochemical and he-
matological parameters and detect histological changes
in the internal organs of animals [48]. The safety of pro-
biotics is confirmed by the absence of side effects during
the probiotic therapy in clinical practice and in the long
periods after it [42, 49].

5. Conclusion

The usage of the above methodical approaches to
estimate the quality of probiotic cultures in the develop-
ment of probiotics (immunobiotics) and the introduction
of rational schemes of probiotic therapy into clinical
practice will allow to increase the effectiveness of pre-
vention of the most common diseases and of the complex
personalized treatment of patients, as well as to avoid
side effects.
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