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Abstract—The global probiotics industry has been undergoing major changes in recent years. Approaches to
finding and creating new probiotics, as well as a paradigm of their use in food, medicine, and pharmacology
are changing. The catalyst proved to be the increasing popularity and availability of omics technologies, in
particular, metagenomic studies of human and animal microbiomes. However, the efficiency and safety of
drugs based on probiotic strains, as well as their marketing rates, largely depend on the levels of legal and tech-
nical regulation in the field. The present review discusses the aspects of legal regulation in Russia, the Euro-
pean Union and the United States, along with the advantages and disadvantages of probiotics and postbiotics.
A consensus is emerging that postbiotics have a number of advantages over classical live probiotic cultures.
The review also focuses on the lactobacilli family, which includes the largest number of probiotic strains stud-
ied so far and still holds a leading position among probiotics. On the legislative front, Russia is often ahead of
its time with adopting such laws as the Federal Law No. 492-FZ on biosecurity, which defined the concept
of human and animal microbiota and set forth legislative guidelines for its preservation. The new field of

research referred to as microbiome nutrigenomics aims to achieve this goal.
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Probiotic bacteria have long been used by humans
as food components and, since the early 20th century,
as drug analogues. Their fundamental difference from
proper drugs lies in the fact that they have beneficial
effects on a macroorganism as a whole, with their
mechanisms of action and targets being unknown.
Probiotics are intended mainly for healthy people and
are used more for prevention than as a cure. In recent
years, the interest in probiotics has been steadily
increasing with the range of microorganisms con-
stantly expanding [1—5].

Omics technology has made it possible to study
both microbiota as a whole and individual bacteria at
the level of their genomes. A huge number of microbial
species have been identified, primarily the bacteria
that inhabit the integuments that are found inside the
human body, which made the pharmaceutical indus-
try note the potential of preparations based on living
probiotic organisms as means for treating various dis-
eases [8—14]. The research conducted in recent years
has demonstrated the enormous potential of probiot-
ics. They are able to affect various processes in the
human body, including increasing insulin sensitivity,
improving memory and cognitive abilities, reducing
anxiety and depression, and reducing the manifesta-
tion of allergic reactions. It should be stressed that the
manifestation of probiotic properties by bacteria is a

strain-specific phenomenon, which therefore requires
detailed study of not only certain species, but also spe-
cific strains.

However, the use of preparations based on probi-
otic microorganisms in medicine is hindered by diffi-
culties in their standardisation and development of
appropriate protocols that would ensure the beneficial
properties of microorganisms throughout the manu-
facturing process. The large number of terms (eubiot-
ics, prebiotics, probiotics synbiotics, parabiotics, post-
biotics) and their arbitrary use also complicates the
matter. Nevertheless, these kinds of drugs have been
named Live Biotherapeutic Products (LBPs) or
pharma-biotics, and the guidelines have been formu-
lated by the Food and Drug Administration (FDA) in
the United States and the European Directorate for
Drug Quality and Health (EDQM) [6, 7]. A consensus
is gradually emerging that it is more promising to
invest in postbiotics (inactivated microbial cells or
their metabolites), which are easier to control and
standardise, than in probiotics, which are based on live
bacterial cultures.

According to the state register of drugs, a number of
microbiota-normalising drugs have been registered in
the Russian Federation. Most of them contain Bifido-
bacteria and Lactobacilli [8]. In the Russian Federa-
tion, the registered microbiota-normalising medicines
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are mainly used as a follow-up after antibiotic therapy
as well as to treat allergic diseases, respiratory infec-
tions, and gastrointestinal disorders. This review dis-
cusses the legal regulation of probiotics, postbiotics,
and pharmabiotics in Russia and abroad. Special
attention is paid to lactobacilli as the bacteria most
commonly used as probiotics.

PROBIOTICS: USE AS DIETARY
SUPPLEMENTS AND MEDICINES
IN RUSSIA AND ABROAD

The term probiotic was coined in 1954 by Ferdi-
nand Vergin [9]. Currently, the International Scien-
tific Association for Probiotics and Prebiotics
(ISAPP) defines probiotics as living organisms that
when consumed in sufficient quantities are beneficial
to the health of their host [10].

Probiotics can be used as dietary supplements, as
components of functional foods and as medicines,
referred to as pharmabiotics or LBP. The term pharm-
abiotics was first used in 2002 by Colin Hill when he
studied probiotics under the supervision of Fergus
Shanahan [11]. As dietary supplements and medi-
cines, probiotics are used to prevent and treat gastro-
intestinal (GI) diseases (irritable bowel syndrome,
gastrointestinal disorders, Helicobacter pilori elimina-
tion, and inflammatory bowel diseases), allergies,
obesity, type 2 diabetes, nonalcoholic fatty liver dis-
ease, cancer side-effects, and nervous system disor-
ders and to modulate the immune system. Probiotics
help to maintain the normal microbiota composition,
strengthen the intestinal barrier, inhibit the growth of
pathogenic bacteria, stimulate proliferation and activ-
ity of innate and adaptive immunity components and
the synthesis of host enzymes involved in stress pro-
tection [12—15].

Probiotics act on the macroorganism by both intact
cells and cellular components and individual metabo-
lites. Their targets are diverse and include microbiota
bacteria, cellular receptors (including Toll-like recep-
tors), components of signal transduction systems,
intestinal epithelium and enteric nervous system cells
[16]. It has been suggested that probiotics may affect
biochemical and signalling pathways through epigene-
tic modifications such as DNA methylation, phosphory-
lation, biotinylation, histone acetylation, and RNA inter-
ference [17]. These mechanisms are involved in the epi-
genetic control of host cell responses, thereby regulating
various biochemical processes such as immunomodula-
tion, competitive exclusion, and epithelial cell barrier
function. In addition, these biochemical modifica-
tions may contribute to prevention of such diseases as
cancer and autoimmune disorders.

Probiotic efficiency is determined by the specific
bacterial strain used and the disease for the prevention
and treatment of which the probiotic is used rather
than by the general type of bacteria [18]. For maxi-
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mum efficiency, probiotic strains should be selected
from the same geographical region where they are
intended to be used.

The widely used terms prebiotic and synbiotic were
introduced in 1995 [19]. ISAPP currently defines pre-
biotics as nonliving food ingredients that support
health by modulating microbiota [20]. The term syn-
biotic refers to a mixture containing live microorgan-
isms and substrate(s) used selectively by microorgan-
isms, which has beneficial effects on the host [21].
Prebiotics can be used as an alternative to probiotics or
together with them to enhance the effect of the latter
as a component of synbiotics. The term autoprobiotics
is also used. These are produced by in vitro cultivation
of bacterial strains from individual human microbiota
to be further used as personalised drugs or as food
products [22].

The Status of Probiotics Abroad. In the United
States, probiotics can be given the status of a biologi-
cally active supplement (BAS), a food ingredient or a
live biotherapeutic products (LBP), which is a medi-
cine, depending on whether they are intended for use
by healthy or sick people, respectively (Fig. 1).

Most probiotics used as food ingredients in the
United States have not gone through the approval pro-
cess before being marketed because they fall under the
GRAS (Generally Regarded as Safe) program and are
recognised as completely harmless for human. GRAS
status is granted automatically to the substances that
have been used historically as food constituents before
January 1, 1958. The International Dairy Federation
(IDF) has established a list of organisms with a docu-
mented history of safe use as the components of food
products in their Bulletin No. 377 The Inventory of
Microorganisms with a Documented History of Use
in Food. [23].

Regarding the registration of food supplements in
the United States, under the Dietary Supplement Act
(DSHEA), food additives used before October 15,
1994, are automatically approved for production. The
Council for Responsible Nutrition (CRN) has com-
piled a list of approved supplements which were in use
before October 15, 1994. However, the list unfortu-
nately mentions only probiotic biological species with-
out naming specific strains. Strains isolated later than
15 October 1994 need to be registered as a new diet.
The strains isolated after October 15, 1994 should be
registered as a new dietary ingredient (NDI) [24]. The
registration of probiotics in the United States is regu-
lated by the Federal Food, Drug and Cosmetics Act
(abbreviated as FFDCA, FDCA or FD&C) [25].

The EFSA approved a list of bacterial species used
in food to which the principle of Qualified Presump-
tion of Safety (QPS) applies [26, 27]. This decision is
based on the research which showed that the safety of
bacterial strains as food components is primarily
dependent on the biological species they belong to.
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Fig. 1. The status of probiotics abroad.

It is worth noting that in most EU countries, Reg-
ulation No. 1924/2006 forbids probiotic labeling to
protect consumer rights. The reason for this is that the
use of the term probiotic on the label tells the con-
sumer that the product contains components that are
beneficial, which is not always scientifically proven.
Out of 400 applications for the registration of the ben-
eficial properties of probiotics filed with the EFSA,
only one was supported. According to the Article
No. 13.1, yogurts containing at least 10® colony-form-
ing units of L. delbrueckii subsp. bulgaricus and Strep-
tococcus thermophilus can be advertised as a product
that improves lactose absorption [28].

Registration of Probiotics as LBPs Abroad. In 2010,
the United States Food and Drug Administration
(FDA) was the first competent authority to propose to
consider the status of medicinal products containing
live microorganisms used to prevent or treat diseases
in humans. In 2016, FDA published guidelines for
LBP production. According to the FDA, a product
may be classified as an LBP if it contains living organ-
isms, may be used for prevention and treatment of a

specific disease or disorder in humans, and is not a
vaccine [29].

In 2019, the European Directorate of Drug Quality
and Health (EDQM) published a monograph on
LBPs, thereby officially recognising them as a new
category of medicinal products for use in Europe [6].
Applications for drug registration as an LBP are often
discussed with competent authorities such as the
EDQM or FDA to clarify which tests should be carried
out for a particular product. All requirements for
development and use of live culture-based prepara-
tions have been detailed in an article describing the
preparation based on the Christensenella minuta strain
DSM 33407 suggested for the treatment of obesity and
metabolic syndrome [30].

The United States National Institutes of Health
(NIH) currently approve LBPs for the treatment of
gastrointestinal diseases and allergies, dental disor-
ders, diseases related to the gut-brain axis, and others
(see Table 1) [31].

In brief, to register a new LBP, a positive balance of
benefits and risks should be demonstrated (Fig. 2).

Table 1. A list of medical applications of LBPs according to the United States National Institutes of Health (NIH) [31]

Gastrointestinal diseases

Antibiotic-associated diarrhoea, Clostridioides difficile infection, constipation,
diarrhoea caused by anticancer therapy, diverticular disease, inflammatory
bowel disease, irritable bowel syndrome, traveller’s diarrhoea

Childhood illnesses

Infant colic, necrotising enterocolitis, neonatal sepsis

Dental diseases

Tooth decay, gum disease

Allergic diseases

Allergic rhinitis, asthma, atopic dermatitis, allergy prevention

The gut-brain axis and related diseases

Anxiety and stress, cognitive functions, depression, autism spectrum disorder,
schizophrenia, Parkinson’s disease, Alzheimer’s disease

Other illnesses

Inflammation of sebaceous glands, hepatic encephalopathy, upper respiratory
tract infections, urinary tract infections, genital tract diseases
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Table 2. A list of LBPs that are currently undergoing clinical trials

.. Clinical .
Medicinal product Target trial phase Product description
SER-109 Clostridium difficile I SER-109 is an aggregate of bacterial spores obtained from
infection the stool of healthy tested donors.
VE303 Clostridium difficile I1 VE303 is a live biotherapeutic product containing 8 strains
infection of human commensal bacteria produced in accordance with
the GMP requirements.
Blautix (MRx1234) | Irritable bowel all Lyophilised product of the patented Blautia hydrogenotro-
syndrome phica bacterium strain
LACTIN-V Bacterial vaginosis 11 LACTIN-V s a live biotherapeutic product for intravaginal
administration, containing the Lactobacillus crispatus strain
CTV-05
Xlal Obesity and metabolic | I Xlal is LBP containing a Christensenella minuta bacterium
syndrome strain

Proof of the positive benefit/risk balance should be
derived from reliable and validated preclinical and
clinical trials. The benefit/risk ratio is the basis of a
product registration application [32]. Clinical trials
are studies conducted in humans that aim aim to eval-
uated the safety and efficiency of medical, surgical, or
behavioural interventions. It is the key commonly
accepted methodology to determine whether a new
treatment, in the form of a new medicine, diet, or
medical device, is safe and efficient when used for
humans. Clinical trials are carried out in four stages.
The ultimate goal of a clinical trial is to test the new
treatment, find the right dosage, and identify side-
effects. If the medicine or any other kind of interven-
tion is demonstrated to be safe and efficient in the first
three phases of clinical trials, it may be approved for
the post-marketing phase IV clinical trials. Generally,
conducting the first three phases is sufficient to bring
a medicine/treatment onto the market.

There are currently no registered LBPs in the
United States. The first such drug may be SER-109,
which is based on the spores of Firmicutes bacteria
(lat. phylum Firmicutes) for the treatment of antibi-

Requirements imposed on LBPs

« Stability
o Safety

« Clinical efficiency

Benefit/risk ratio

Fig. 2. Requirements imposed on LBPs.

APPLIED BIOCHEMISTRY AND MICROBIOLOGY  Vol. 58

otic-associated diarrhoea caused by C. difficile [33].
There are a number of other LBPs in various stages of
clinical trials (Table 2) [34].

Regarding LBP registration in the FEuropean
Union (EU), the Directive No. 2001/83/EC issued by
the European Parliament and the EU Council named
On the Community Code on Medicinal Products for
Human Use defines any product designed to prevent
or treat diseases as a medicinal product and therefore
requires marketing authorisation from the competent
authorities before it can be commercialised. However,
even if the pharmaceutical regulatory framework is
established at the EU level, obtaining marketing
authorisation for LBPs remains a very challenging
task. Compared to the other medicinal products cur-
rently on the market, assessing the safety of LBPs rep-
resents a substantial problem due to their inherent spe-
cific properties as living organisms and their complex
mechanism of action. For example, LBPs themselves
should not enter the bloodstream like most drugs that
target distant organs, tissues, or receptors, but rather
exert their action through the direct interaction with
the host microbiota, which indirectly leads to distant
biological effects in the host.

In order to assess the safety of an LBP, it is not suf-
ficient to refer to the historical safe use of a certain
strain as a food product component. In the EU, post-
marketing surveillance is generally not required for
food products and food supplements. Hence, possible
side effects in sick people may not be reported. In
addition, in their 2011 report, the US Agency for
Healthcare Research and Quality concluded that
although the clinical trials for probiotics have not yet
shown any increased risks, the question of the safety of
interventional studies has no confident answer in the
modern literature. The issue is that safety and toxicol-
ogy data are mandatory for drugs, which is not the case
for food supplements.
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The EMA has not yet developed any requirements
for LBP registration since this organisation has not yet
dealt with live microorganisms and the issues associ-
ated with their standardisation. Among the require-
ments to be possibly introduced for LBP registration
could be counting live, dead, and active bacteria by
flow cytometry. Such a standard has already been
developed and certified by the ISO and included in the
European Pharmacopoeia. It is therefore hoped that
in the coming years, the EMA will continue develop-
ing, evaluating, and improving the existing procedures
for coordination of requirements imposed on LBPs. In
the absence of any formal regulation, national initia-
tives such as the one recently published in the Nether-
lands on the use of the term probiotic may be
expected. According to the ISAPP, the label of a pro-
biotic product should include the genus, species, and
strain for all the strains contained in the product;
ingredients/allergens; effect/recommended use; daily
dose; storage information; shelf life, and company
name/contact information [35].

The Status of Probiotics in the Russian Federation.
Probiotics are regulated by different legislation in the
Russian Federation, depending on whether they will
be registered as biologically active supplements (BAS)
or as a drug. However, it is important to understand
here that only a drug can be prescribed by a doctor as
a pharmacological treatment. Probiotics, BAS, can be
used for disease prevention. To take them as drugs is
prohibited by the Federal Law of the Russian Federa-
tion On the Supervision of Dietary Supplements
issued July 10, 2009. There is also a third group of pro-
biotic-containing preparations, which are functional
foods that contain live probiotic bacteria as their com-
ponents.

Registration of Probiotics as a BAS in Russia.
According to the Federal Service for Consumer Rights
Protection and Human Welfare Surveillance (Rospo-
trebnadzor), biologically active supplements are natu-
ral and/or identical to natural biologically active sub-
stances and probiotic microorganisms intended for
consumption with food or for inclusion in food prod-
ucts [36]. In order to register a probiotic as a BAS in
the Russian Federation, it is required to test the prod-
uct, undergo expert examination of documentation,
and issue a certificate of state registration. The testing
stage is primarily aimed at proving the product safety
and confirming compliance with the properties
declared in the associated documentation. Probiotics,
as dietary supplements, are also regulated by the
requirements for hygienic safety of food products,
which are formulated in the technical guidelines of the
Customs Union On food safety [37], which is a critical
requirement if the product is intended for sale in the
Russian Federation. There are microbiological stan-
dards that a BAS should meet to ensure product safety.
These standards are described in detail in the Uniform
Sanitary Epidemiological and Hygienic Requirements
to Goods Subject to Sanitary and Epidemiological
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Surveillance under the supervision of Rospotreb-
nadzor [37]. The final step is the state registration of a
dietary supplement, which implies listing the product
in the Unified Catalogue of State Registration Certif-
icates. This catalogue is supervised by Rospotreb-
nadzor. Prebiotics can only be registered as dietary
supplements.

Registration of Probiotics as Drugs in Russia. To
register a probiotic as a drug, it is necessary that the
drug meet the requirements of the Federal Law of the
Russian Federation No. 61-FZ On Medicine Circula-
tion [38]. The circulation of these medicinal products
is regulated by the Order of the Ministry of Healthcare
of the Russian Federation No. 403n issued July 11,
2017 On Approval of the Guidelines on Dispensing
Drugs for Medical Use, Including Immunobiological
Drugs, by Pharmacies and Private Entrepreneurs with
a License for Pharmaceutical Activity [39].

Today, probiotic-based drugs are considered as
immunobiological drugs. Usually they contain live
beneficial microorganisms for which the activity, for
example antagonistic activity against pathogenic and
opportunistic bacteria, must be proven. Such medici-
nal products should comply with the pharmacopoeial
requirements imposed on standard drug production
and the quality requirements for a particular pharma-
ceutical form [40]. There are several pharmacothera-
peutic groups that a probiotic drug may be included in;
the drug may be described as a probiotic, eubiotic,
antidiarrhoeal, or medical immunobiological product
and classified according to the Anatomotherapeutic
Chemical Classification (ATCC). Probiotic-based
drugs may have the following codes: Boulardii saccha-
romycetes (A07FA02), antidiarrhoeal microorgan-
isms (AO7FA), Lactobacilli (G01AX14), lactic acid-
producing microorganisms (A07FAO01), and lactic
acid-producing microorganisms in combination with
other drugs (AO7FAS51). However, it should be noted
that the term eubiotic, which refers to a preparation
containing one or more probiotic strains, is considered
to be obsolete [40].

In terms of legal regulation, probiotics in the Rus-
sian Federation are mainly used to treat gastroentero-
logical diseases and cannot be registered as drugs that
can be used to treat most of the diseases listed in
Table 1 and recognised by NIH [41]. Regarding the
levels of evidence, given that dietary supplements and
drugs can be registered without specifying the bacte-
rial strain they contain, there is no guarantee that the
strain included in the formulation will always exhibit
the properties declared by the manufacturer. Hence, it
is rather obvious that stricter legal control of probiotics
as drugs and dietary supplements is needed. The
results of the analysis of legal control of probiotics are
summarised in Table 3.

Functional food that contains prebiotics, probiot-
ics, and other active ingredients and is intended for
consumption by healthy people and is aimed at pre-
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venting diseases and maintaining human health is also
worth mentioning here. General requirements
imposed on probiotics, including dietary supple-
ments, drugs, and functional foods, are formulated by
the Federal Law on The Biological Safety in the Rus-
sian Federation [42]. The law was adopted by the State
Duma on December 24, 2020 and approved by the
Federation Council on December 25, 2020; the Law
aims at protecting the population of the Russian Fed-
eration from hazardous biological factors and environ-
mental protection, as well as at prevention of biologi-
cal threats and risk monitoring. The formulation of the
Law implies that it should be comprehensive. Here,
we will focus on the clauses concerning human micro-
biota. Article 1 defines microbiota as all microorgan-
ism communities (symbiotic, opportunistic, and/or
pathogenic) that inhabit the different parts of a living
organism with homogeneous living conditions. Article
8 specifies that biological threats include disruption of
the normal microbiota in humans, farm animals, and
plants, leading to the development and spread of
related diseases. Article 9 further states that preserva-
tion and restoration of normal microbiota in humans,
farm animals, and rare and endangered animal and
plant species is among the measures aimed at protect-
ing the population of the Russian Federation. Article
10 mentions that the design and production of food,
feed, and animal feed additives that are able to nor-
malise microbiota is one of the measures aimed at
controlling the spread of infectious and parasitic dis-
eases and for prevention and treatment of diseases
related to disruption of normal microbiota of humans,
farm animals, and plants; measures are to be imple-
mented to preserve or restore normal microbiota. Arti-
cle 10, paragraph 7 of the Law states that the aim of
preserving the biodiversity of human microbiota, with
the ultimate goal of protecting the population from
infectious diseases, is to: (1) provide for scientific
research in order to understand the role of microbiota
in maintaining human health; (2) develop approaches
for the diagnosis, prevention, and treatment of certain
diseases associated with microbiota disorders; and
(3) use the potential of human, animal, and plant
microbiota to develop new tools and biotechnologies,
including personalised food and drugs. The adoption
of the Federal Law No. 492-FZ On Biological Safety
in the Russian Federation highlights the importance of
studying human microbiota and maintaining its stabil-
ity and gives hope that the research in this field will be
further expanded.

POSTBIOTICS AND PARABIOTICS

Probiotics are live cultures, and for this reason they
can in some cases, for example, in immunocompro-
mised patients or in children, trigger pathological
inflammatory processes. When live microbial cells are
used, it is almost impossible to describe the precise
summarised mechanism of action for all the bacterial
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cell components, and it is thus impossible to exactly
predict the response of the macroorganism. In addi-
tion, standardisation of live cultures is challenging.
These issues have led to the idea of using postbiotics,
which are killed bacteria or their individual metabo-
lites [43]. The International Scientific Association for
Probiotics and Prebiotics (ISAPP) has defined a post-
biotic as a preparation of nonliving microorganisms
and/or their components that are beneficial to the
host [44].

However, this definition was not found to be satis-
factory by many researchers, as it refers both to killed
bacterial cells, which are a conglomerate of different
structures and metabolites, and to individual com-
pounds. It was proposed to use the term postbiotic to
refer to inactivated bacterial cells and their compo-
nents, and to use the term parabiotic to refer to the
individual compounds in probiotic bacteria [45].

Postbiotics are inactivated microbial cells with or
without metabolites or cellular components (peptido-
glycans, teichoic acids, surface proteins, extracellular
vesicles, etc.) proven as safe and beneficial for the
host. Inactivation of live bacteria can be achieved by
different methods: thermal treatment, treatment with
chemicals (e.g., formalin), gamma or ultraviolet irra-
diation, and ultrasound treatment. Thermal treatment
remains the most popular method and involves a wide
range of time and temperature combinations to ensure
complete suppression of bacterial viability in the sus-
pension. Inactivation can also be achieved by using a
combination of tyndallization and freezing [46].
Injections, purified microbial metabolites, and vac-
cines go beyond the concept of postbiotics.

It is important to note that postbiotics, despite
being nonviable, are a promising alternative to probi-
otics and offer a number of pharmaceutical advantages
[47]. Heat-inactivated probiotics have demonstrated
the ability to counteract the adhesion of various
enteropathogens in the experimental model using
Caco-2 cells [48]. These data suggest that postbiotics
can be used to control diarrhoeal and foodborne
pathogens. In addition, heat-inactivated Lactobacilli
strains and cell-free cultural fluids were shown to exert
immunomodulatory, antioxidant (the ability to neu-
tralise free radicals) and anti-inflammatory effects in
experimental models [49—53].

Parabiotics have advantages over postbiotics: their
chemical structure is easily identifiable and a highly
purified product can therefore be obtained. It is also
easier to determine the dosage and shelf life time and
to standardise the manufacture process. Symbiotic
(probiotic) microbial strains produce various bioactive
molecules that are candidates for parabiotics. These
include enzymes, organic acids, glycoproteins, pep-
tides (obtained by hydrolysis of food proteins and
proper bacterial proteins), tryptophan and bile acid
metabolites, polyamines, secreted proteins, exopoly-
saccharides, amino acids (including gamma-amino-
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Table 4. Post-biotic and parabiotic medicinal products

659

Medicinal product Composition Product status

Hilac forte Aqueous substrate of metabolic products of Escherichia coli, Enterococcus faecalis, | Drug
Lactobacillus rhamnosus and Lactobacillus helveticus

Zacofalc Inulin and butyric acid BAS

Bactistatin Biologically active metabolites from the cell-free cultural liquid of the Bacillus sub-| BAS
tilis bacterium

Aktoflor-C A complex of amino acids and organic acids, the analogues of probiotic bacteria | BAS
metabolites

Pro-symbioflor E. coli and E. faecalis cell autolysate Drug

Helinorm Inactivated Lactobacillus reuteri bacteria BAS

butyric acid), short-chain fatty acids, polyphosphates,
vitamins, antioxidants, bacteriocins, tocopherols,
carotenoids, and many others [54—60]. The examples
of commercial postbiotic and parabiotic preparations
can be found in Table 4.

Postbiotics and parabiotics do not differ funda-
mentally in their mechanism of action from live probi-
otics. They modulate the intestinal microbiome, the
immune system, the nervous system, and also
strengthen the intestinal barrier and modulate metab-
olism. Unlike live probiotics, they don’t carry any risk
of bacterial translocation from the intestinal lumen
into the bloodstream in chronic and immunocompro-
mised patients, the possibility of acquisition and
transfer of antibiotic resistance genes, and the risks of
viability loss due to cell lysis [61].

To date, there is no regulatory frameworks either
for postbiotics as dietary supplements and, corre-
spondingly, for food products containing them, or for
postbiotics as drugs. Hence, postbiotics are controlled
in the same way as any other substance depending on
their scope of application. If it is a food product,
appropriate safety tests are required. If it is a drug,
clinical trials and proof of specific activity are
required. However, it is clear that postbiotics are easier
to register than LBPs. In Russia, postbiotics fall under
the definition of a probiotic; a probiotic registered as a
drug is identified as an immunobiological medicinal
product that contains live or inactivated apathogenic
microorganisms with antagonistic activity towards
pathogenic and opportunistic bacteria [40].

Considering the difficulties in creating drugs based
on living organisms, the shift towards prebiotics, post-
biotics, and parabiotics is real and inevitable [62, 63].

LACTOBACILLI-BASED PROBIOTICS

Lactobacilli have long been used to produce fer-
mented food products (FFP), according to some esti-
mates, since the 7th century B.C., which is the time
when the expansion of a sedentary life style and agrar-
ian culture took place [64]. FFPs appealed to our
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ancestors as a way of preserving food and sometimes
also as a way of eliminating toxicity [65, 66]. Today, a
wide variety of FPPs can be found in different coun-
tries, ranging from kimchi in Korea, sauerkraut in the
central Europe, chutney in India, natto in Japan, to
various local fermented dairy products, etc. Lactoba-
cilli have been regarded as a beneficial food supple-
ment since the discovery of Lactobacillus bulgaricus by
Dr. Stamen Grigorov [67] and the studies on its role in
human health and longevity carried out by the Russian
scientist I. Mechnikov [68].

Lactobacilli are now widely used to develop probi-
otics [69, 70]. Discoveries in the field of human
microbiome in the last 2 decades have led to a deeper
and more focused study of lactobacilli as probiotics,
which has forced the pharmaceutical industry to note
to the potential of using drugs based on living probiotic
organisms to treat various diseases [71—77]. Omics
technologies have made it possible to study both
microbiota on the whole and individual bacteria at the
level of their genomes. DNA sequencing can be used
to determine the presence of drug resistance and
pathogenicity genes in microbes and to select strains
with useful genes for further study [78, 79].

The vast majority of probiotics contain Lactobacilli
strains. This can be accounted for by several facts.
Lactobacilli are permanent components of the human
microbiota and exhibit properties that are beneficial
and important for the macroorganism [80]. Lactoba-
cilli are part of many food products and have long been
used to produce fermented food [81]. Thirty-six Lac-
tobacilli species are approved as safe by the EFSA
(European Food Safety Authority) and 12 species
were given the status of GRAS (Generally Recognized
as Safe) by the FDA, which means they can be used as
both food and feed additives. In addition, lactobacilli
account for 43% of the total number of bacterial spe-
cies with proven beneficial properties [82].

Lactobacilli-based probiotics have anti-inflamma-
tory, immunomodulatory and antioxidant effects,
facilitate dental and periodontal health, reduce cho-
lesterol levels, and are used to combat obesity, cancer
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Table 5. Examples of live Lactobacillus strains that have completed Phase IV clinical trials

Medicinal product

Disease under testing/ microbiota
under study

Place of study

Lactobacillus reuteri DSM 17938

Antibiotic-associated diarrhoea

Istanbul, Turkey

Lactobacillus rhamnosus GG

Infectious disease of the digestive tract

St Louis, Missouri, United States

Lactobacillus acidophilus Rossel-52
and Lactobacillus rhamnosus Rosell-11

Flu-like disease

Jakarta, Indonesia

Lactobacillus reuteri DSM 17938

Antibiotic-associated diarrhoea

Warsaw, Poland

Lactobacillus plantarum 299v

Irritable bowel syndrome

Eastern Cape, South Africa

Lactobacillus paracasei subspecies
paracasei F19

Gastrointestinal symptoms

Naples, Italy

Lactobacillus casei rhamnosus Lcr35

Constipation

Warsaw, Poland

Lactobacillus reuteri DSM 17938

Functional constipation

Castellana Grotte, Bari, Italy

Lactobacillus rhamnosus GG

Gut microbiota, skin microbiota,
humoral immune responses, atopic
dermatitis

Turku, Finland

Lactobacillus casei Shirota

Respiratory tract infections

Antwerp, Belgium

Table 6. Lactobacillus-based medicinal products

Name Product composition Product status
Russian medicinal products
Acipol Lactobacillus acidophilus Drug
Acylact L. acidophilus Drug
Lactobacillus L. acidophilus Drug
Florin forte Bifidobacterium bifidum and Lactobacillus Drug
Normoflorin D Lactobacillus casei, B. bifidum, Bifidobacterium longum BAS
Hepafor B. bifidum, Lactobacillus fermentum Drug
Imported medicinal products
Linex Bifidobacterium infantis, L. acidophilius and Enterococcus faecium Drug
Linex forte L. acidophilus and Bifidobacterium animalis subsp. lactis Drug
Maxilac L. helveticus, L. rhamnosus, L. casei, Lactobacillus plantarum, BAS
B. longum, Bifidobacterium breve, B. bifidum, Lactococcus lactis,
Streptococcus thermophilus and oligofructose
Buck-Set Forte L. casei, L. plantarum, L. rhamnosus, B. bifidum, B. breve, B. longum, | BAS
L. acidophilus, L. lactis, S. thermophiles, B. infantis, Lactobacillus
delbrueckii ssp. bulgaricus, L. helveticus, Lactobacillus salivarius
and L. fermentum
Normobakt L. rhamnosus and fructooligosaccharides BAS
RioFlora Immuno Bifidobacterium, Lactobacillus, L. lactis and S. thermophilus BAS
Fluvir L. plantarum, L. rhamnosus, B. lactis and fructooligosaccharides BAS
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(antiproliferative and pro-apoptotic effects), diar-
rhoea, and mental and neurodegenerative diseases
[70, 77]. A large number of Lactobacillus strains have
completed phase IV clinical trials. Table 5 presents the
examples of such strains.

Lactobacilli are included in preparations registered
both as dietary supplements and as drugs. Examples of
such preparations are given in Table 6. The species
names of lactobacilli are given as they were used by the
authors of the cited articles and in the names of dietary
supplements and drugs, i.e., according to the old
nomenclature. In 2020, the genus Lactobacillus was
divided into 23 new genera with changed generic
names and unchanged species names [83].

sksksk

Today, we are well aware of the detrimental effects
of antibiotics on human microbiota and human
health. Over the past decade, the global scientific
community has been searching for and developing
alternative approaches and antibacterial agents that
could replace antibiotics [84—86]. Classical probiotics
were among them. The research carried out in recent
years has demonstrated that the consumption of pro-
biotics and postbiotics leads to significant changes in
the composition of intestinal microbiota at the spe-
cies, genus, and larger taxonomic unit levels and its
metabolic activity [87]. However, we often know
nothing or very little about the ability of a particular
strain to produce certain substances with antioxidant
or immunomodulatory activity, as well as about the
mechanisms of their action. For most bacteria used as
probiotics, there is no data on the presence of drug
resistance or pathogenicity genes in their genomes and
on their specific effects on the structure (colonisation)
of healthy human microbiota.

d, [ h

L. plantarum

L. helveticus

L. delbrueckii
subsp. bulgaricus
L. casei

[88, 89]

L. plantarum
L. rhamnosus
L. fermentum

[90, 91]
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Postbiotics and parabiotics, bacterial metabolites
and bacterial cell components are safer and more effi-
cient compared to probiotics. While the strains that
originate from the human body or from traditional
food (due to their potential safety for humans) are
used [66] to obtain live probiotic bacteria with postbi-
otics and parabiotics, the range of bacteria used to
obtain them can be expanded. Considering that fer-
mented dairy products of goat, cow, horse and bee ori-
gins are beneficial for human health, these animals
may be a promising source in the search for unique
bacterial strains with antioxidant and neuromodula-
tory activities for subsequent use as postbiotics and
parabiotics to obtain pharmaceutical substances and
functional foods (Fig. 3).

The COVID-19 pandemic and its consequences
that affected hundreds of millions of people require
urgent measures to rehabilitate the affected popula-
tion. Modern lactobacilli-based products with antiox-
idant and immunomodulatory properties are essential
for rehabilitation with their uses including as ingredi-
ents in functional foods.

An interdisciplinary consortium, the Nutrigenom-
ics of the Microbiome, has been established to develop
this field in Russia at the initiative of the Vavilov Insti-
tute of General Genetics of the Russian Academy of
Sciences. Nutrigenomics, which emerged 15—20 years
ago, is the branch of science that studies the impacts of
biologically active food supplements on human gene
expression and health. Intensive research on the
human microbiome and its role in food utilisation
today allows the concept of microbiome nutrigenom-
ics to take shape [95].

The aim of the consortium is to develop pharmaco-
logical ingredients that are beneficial for specific
groups of people, as well as the technologies that

)

L. plantarum
L. casei

L. plantarum
L. johnsonii

L. rhamnosus L. kunkeei
L. fermentum L. apis
[92—94] [95, 96]

Fig. 3. Nonconventional and promising sources of isolated lactobacilli strains for future use as postbiotics and ingredients for

pharmaceutical substances and functional foods.
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enable their production by taking advantage of such
technologies as metagenomics, comparative genom-
ics, transcriptomics, proteomics, and bioinformatics.
The bases for the creation and subsequent develop-
ment of Microbiome Nutrigenomics were the follow-
ing results:

— biologically active components of human micro-
biota were described as the objects of research with the
goal of developing personalised products: including
prebiotics, postbiotics, and autobiotics;

— a significant role for postbiotics, prebiotics, and
autobiotics in correcting gut microbiota composition
was demonstrated;

— the functional properties of microbiota compo-
nents were described including the immunomodula-
tory, antioxidant, and neuromodulatory properties;

- the global regulatory genes and cascade regula-
tory systems in the human body that respond to the
immunomodulatory, neuromodulatory, and antioxi-
dant activities of specific bacterial products were iden-
tified;

— human gut microbiota signatures of some dis-
eases have been identified [78, 97].

‘What is now needed is for the consortium members
to combine their efforts to carry out detailed research
in the framework of specific tasks and to translate
them into practical applications.

The post-COVID syndrome has affected hundreds
of million people worldwide. It has been clearly
demonstrated so far that many disease survivors show
changes in the composition of their gut microbiome
[dysbiosis], which correlate with various neurological,
cardiological, and immunological diseases [98—100].
It turns out that classical probiotics (dietary supple-
ments) are ineffective in correcting these disorders.
The set goal is to develop pharmabiotics with selective
properties that would be able to treat certain post-
COVID disorders. The gut microbiota now is a mate-
rial rather than a virtual organ that requires detailed
evidence-based study.
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