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Introduction

Abstract

The Covid-19 pandemics laid stress on the significance of having a strong immune system
in coping with viral infections. Nutrition is important in the modulation of our immune
systems. Recent studies have shown that probiotics, most of which are lactic acid bacteria
(LAB) naturally present in fermented food products, can boost the immune system of their
host. Although responses are generally strain and dose dependent, in one way or another,
most LAB are capable of enhancing both the innate and the adaptive immune responses in
animal model systems. In addition to their ability of boosting the immune system, LAB
directly or indirectly by means of the fermentation process, can generate bioactive
metabolites having antiviral properties, such as peptides. LAB are shown to have antiviral
mechanisms that affect both upper respiratory tract and gastrointestinal viral infections.
Not only live cells but also heat-killed cells of probiotics (paraprobiotics) are shown to be
effective. These wide range of antiviral mechanisms suggest that the diversity of LAB in the
food product is likely to enhance the variety and strength of health benefits obtained from
fermented foods. Traditional fermented foods have significantly higher microbiodiversity
with respect to the LAB species, as compared to those produced by commercial cultures.
This is particularly valid for the Lactobacilli, where several species and strains have proven
to be antiviral probiotics and are natural inhabitants of fermented foods at the same time.
While drawing attention to the antiviral properties of both live and dead cells of LAB, this
review aims to underline the significance of supporting our health with the wealth of foods
that are rich in terms of their microbial diversity. Further scientific research must focus on
the several technical, biological, and clinical aspects of traditional fermentations.

locations other than the intestines, such as the pharynx

Probiotics are defined as ‘Live microorganisms
which when administered in adequate amounts confer
a health benefit on the host’ (FAO/WHO, 2006). The
early in vitro tests for the study of probiotic strains
included resistance to gastric acidity, bile acid
resistance, adherence to mucus and/or human
epithelial cells and cell lines, antimicrobial activity
against potentially pathogenic bacteria, ability to reduce
pathogen adhesion to surfaces, bile salt hydrolase
activity and resistance to spermicides (applicable to
probiotics for vaginal use) (FAO/WHO, 2006). These
criteria were based on the belief that probiotic strains
have to survive the harsh conditions of the stomach and
pass to the intestines at sufficient quantities, in order to
be effective. Yet, advances in research on probiotics
have shown that a probiotic organism may function at
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(Santagati et al., 2015) and by a wide range of
mechanisms which may be by direct contact with the
pathogen, or indirectly, for instance, by boosting the
host’s immune system. Accordingly, it was agreed that
probiotic organisms (single or in combination) should
provide convincing evidence regarding a certain health-
benefit by well-conducted studies in humans, including:
positive meta-analyses on specific strain(s) or strain
combinations on a diversity of clinical endpoints such as
infectious diarrhea, antibiotic-associated diarrhea,
irritable bowel syndrome and ulcerative colitis (AlFaleh
et al., 2011; Allen et al.,, 2010; Aponte et al., 2013;
Goldenberg et al., 2017; Ritchie & Romanuk, 2012), by
scientifically accepted assessment methods, well-
conducted RCTs (Randomized Controlled Trials) or
strong evidence from large observational studies (Hill et
al., 2014).
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In general, probiotic organisms are mostly lactic
acid bacteria that occur in fermented food products.
Health effects of probiotics are generally at the strain
level and in a dose-dependent manner. However, in
some countries, such as Canada certain species of
Bifidobacterium and Lactobacillus, when delivered in
food at a level of 1 x 109 colony forming units (CFU) per
serving, have been accepted as being probiotic, resulting
in a strain-independent assignment of some bacteria as
probiotics (Hill et al., 2014).

Despite of all the health benefits of probiotics, it is
now clear that the use of probiotics is not safe for all the
individuals, in particular those who are immunodeficient
(Kothari et al., 2019; Wagner & Balish, 1998). The
possibility that some probiotics might become
opportunistic pathogens is surely a disadvantage for the
consumption of live probiotics as supplements. Hence,
it is now suggested that the consumption of capsules
with live probiotics should be regarded as drug
consumption and should, therefore be much more
strictly regulated (Kothari et al., 2019). While the safety
of probiotics is being questioned, recent studies have
shown that even the dead cells of probiotics might have
health benefits, especially through the modulation of
the immune system (Taverniti & Guglielmetti, 2011).
Since the definition of probiotics requires that cells are
viable, a new term for the non-viable forms of probiotics
has been proposed as the ‘paraprobiotics’ (Taverniti &
Guglielmetti, 2011).

The concept of paraprobiotics is important, not
only because it provides a safer alternative to the use of

viable microorganisms, but also because it raises the
guestion as to how appropriate it is to define probiotics
as ‘live microorganisms’. It further raises the question as
to the best form of probiotic consumption in terms of
safety and health benefits. Namely, is it better to use
high numbers of a few different viable microorganisms
as in the case of capsules, or is it better to have a greater
variety of different species at lower cell counts, as in the
case of fermented foods, which are also likely to be rich
in terms of paraprobiotics? Is it better to use
commercially cultured fermented food products or
traditional fermented foods that generally contain a
broader range of microbial cultures, etc. (Rezac et al.,
2018)? These questions need to be answered by further
research.

Antiviral Mechanisms

The importance of probiotics, most being lactic
acid bacteria (LAB), in both preventing and/or alleviating
the symptoms or the duration of viral diseases is of
growing importance (Al Kassaa, 2017). The reader is
referred to excellent recent reviews on the topic (Al
Kassaa et al., 2014; Kanauchi et al., 2018; Lehtoranta et
al., 2014; Sousa et al., 2020; Tapiovaara et al., 2016).

Viral infections are either upper respiratory tract
infections or viral gastroenteritis. Interestingly,
probiotics have mechanisms that can act on both groups
of viral infections. The antiviral mechanisms of probiotic
LAB are summarized in Figure 1.

These mechanisms can be classified into two
major categories: 1) Mechanisms related directly to the
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Figure 1. Summary of the various antiviral mechanisms of probiotics.
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organism itself and its cross-talk with the host and/or
contact with the virus. Such probiotic LAB may originate
from the food, or they may be supplemented in the form
of capsules. 2) Mechanisms related to the antiviral
metabolites generated in food products fermented by
LAB. In such cases, although the organism might be the
same, metabolites might differ due to differences in the
fermented food material, such as milk, cereals, legumes,
or vegetables. Based on this classification, only the first
group of antiviral mechanisms will function when
probiotics are consumed in the form of capsules,
whereas in the case of fermented foods, both
mechanisms will act together, including those related to
the existence of paraprobiotics (Kanauchi et al., 2018).

Regarding the site of antiviral action of probiotic
LAB, the intestines are often mentioned. However,
research indicates that intestines are not the only site of
antiviral action. The gastrointestinal (Gl) tract starts at
the mouth and ends at the anus. The mouth/nose is the
first part of the GI that comes in contact with the
environment. When probiotics are administered in the
form of tablets, they pass directly to the stomach.
However, when probiotic food products are consumed,
there is contact with the mouth. Based on research this
fact appears to be significant due to two reasons;
probiotics can colonize the tonsils and the pharynx for
several hours to several days, thereby exerting their
actions directly at the first contact site of the Gl. For
example, in a study conducted by Santagati et al. (2015),
nasal sprays of Streptococcus (S.) salivarius 24SMBc
were shown to have the capability of colonizing the
rhinopharynx tissues in 95% of subjects, aged 30-54
years, and persisted in 55% of the individuals even after
6 days. In another study, where Lactobacillus (Lb.)
plantarum DSM 9843 was administered to healthy
volunteers who either gargled or drank oatmeal gruel
with or without fruit juice, Lb. plantarum DSM 9843 was
found in tonsillar scrapings 4-8 h after intake,
suggesting an ability of these bacteria to adhere to
tonsillar cells (Stjernquist-Desatnik, 2000).

Accordingly, studies indicate that the antiviral
effect of probiotic LAB can be initiated in the mouth,
tonsils, and the pharynx. These observations are
important because they may suggest a greater
advantage of probiotic food consumption in the
prevention of URT viral infections as compared to
probiotics intake in the form of capsules, especially
regarding mechanisms that involve direct contact of the
probiotic organisms with the infectious viruses before
they can reach the lungs.

Among the various antiviral mechanisms, perhaps
the immune boosting effect of probiotic LAB is the most
important one. As opposed to bacterial infections,
viruses cannot be eliminated by the use of antibiotics.
Although medications target viral proteins/enzymes for
inactivation, most of these medications only have
limited effect in alleviating symptoms and some have
side-effects. At the end of the day, the most effective
antiviral mechanisms are those related to the

modulation of the host’s immune system. As we have all
seen in the case of Covid-19, those individuals with a
strong immune system could cope with the virus with
almost no symptoms at all, while those, especially the
elderly people, with weak immune systems ended up
having very severe symptomes.

The immunomodulatory effect of probiotics, and
perhaps of most lactic acid bacteria present in
fermented food products, involves the following:
protection of epithelial cells by stimulating the
production of mucin and the secretion of mucus; biofilm
formation which probably saturates the receptors,
including viral receptors; activation of dendritic cells to
secrete proinflammatory cytokines, such as IL-6, I1L-12
and interferon (IFN)y; boosting the innate immune cells,
such as macrophages and natural killer (NK) cells that kill
viruses and virus-infected cells, produce interferon
IFNa, an antiviral cytokine; stimulating the
overexpression of innate immunity-related genes such
as Toll-like receptors (TLR7) (Al Kassaa, 2017; Pimentel-
Nunes et al., 2010). Some of these mechanisms occur in
the lungs, upon infection by respiratory viruses, while
the probiotics thrive in the gut (Al Kassaa, 2017). The
LAB are also known to enhance the adaptive immune
response, including lymphocyte proliferation and Gl
tract specific IgA production and others (Tsai et al.,
2012).

Another antiviral mechanism of probiotics is
related to the production bioactive peptides. These
peptides can be generated either by the probiotic
organism itself or generated by the enzymatic digestion
of proteins that are part of the food source; the latter is
relevant to all lactic acid bacteria that have the
capability of digesting food proteins with proteases.

Bioactive peptides are functional peptides
consisting of small peptide sequences, such as 2-20
amino acid residues, that have important roles in human
health (Hartmann & Meisel, 2007). Although milk and
dairy products are rich food sources in terms of
bioactive peptides, these peptides are also found in
most plants, various meat types, and eggs (Korhonen &
Pihlanto, 2006; Pihlanto & Korhonen, 2015). These
peptides originate from the hydrolysis of the native
proteins of the food source, and have been revealed to
have functional properties such as opioid, mineral-
binding, immunomodaulatory, antimicrobial,
antioxidant, antithrombotic, hypocholesterolemic,
anticarcinogenic, etc. (Korhonen & Pihlanto, 2006;
McClements et al., 2009; Meisel, 2005). They are either
formed by the activity of their native enzymes or by
microbial proteolytic enzymes. Especially in fermented
foods, proteolytic enzymes belonging to starter cultures
or natural microbiota are responsible for the formation
of bioactive peptides (Michaelidou, 2008; Szwajkowska
et al., 2011). Bioactive peptides with different lengths of
amino acids were obtained by the activity of bacterial
peptidases and proteases (Ardo et al., 2017). Moreover,
intracellular enzymes that are released as a result of
autolysis of dead bacterial cells may also play a role in
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the formation of bioactive peptides (Fan et al., 2019;
Jensen et al.,, 2009; Solieri et al., 2018). The latter
example suggests that the concept of paraprobiotics
may be significant in fermented food products,
particularly for those products undergoing storage in
brine or those kept under long periods of storage for
ripening, etc.

Although most studies on the functional properties
of bioactive peptides in fermented products have
focused on antibacterial peptides, there are some
studies on the antiviral properties of both proteins in
some foods and peptides formed by their enzymatic
hydrolysis. Mandal et al. (2016) have informed that
bioactive peptides generally bind to cell receptors of
host, inhibiting the attachment of viruses. Bioactive
peptides produced by the enzymatic activities of
probiotics can also show the antiviral effect by directly
binding to virus particles. Furthermore, bacteriocins,
which are peptides synthesized in the ribosomes of
bacteria, can have antiviral effects by aggregating of
virus particles, blocking the receptor sites where viruses
are attached in the host cell, or inhibiting key reactions
in the replication cycle of viruses (Todorov et al., 2010;
Wachsman et al., 2003).

Among the various metabolites of probiotics,
hydrogen peroxide and lactic acid produced by
Lactobacillus species were shown to play an important
role in their antiviral effects. Conti et al. (2009)
suggested that lactic acid and H20:2 could be responsible
for reducing intracellular events of herpes simplex virus
type 2 multiplication. Acidic pH < 4.5, which occurs due
to lactic acid production, disrupts herpes simplex virus
type 2 and leads to a reduction in attachment and
invasion of this virus (Tuyama et al., 2006). In addition,
exopolysaccharides (EPS) produced by probiotic
bacteria have been reported to have antiviral effects in
several studies (Arena et al., 2006; Kanmani et al., 2018;
Kim et al.,, 2018). The EPS are known to stimulate
immunologic system, to prevent the absorption and
penetration of viruses into host cell, and to inhibit
various retroviral reverse transcriptase (Arena et al.,
2006; Saadat et al., 2019). EPS produced by Lb.
delbrueckii OLL1073R-1 stimulated type |interferon
production (Kanmani et al., 2018). Also, EPS of Lb.
plantarum LRCC310 were presented to have an
inhibition effect against human rotavirus Wa strain in
vitro and they also were found to decrease the rotavirus
infection in mice models (Kim et al., 2018).

Antiviral Probiotic Lactic Acid Bacteria

Lactic acid bacteria (LAB) or probiotics can inhibit
viruses in a variety of ways. These include direct physical
interaction between viruses and bacteria, stimulation of
the host’s immune system, and the production of
antiviral substances with or without protein structure
(Al Kassaa et al., 2014). Direct interactions prevent
adsorption of the virus into cells. In some experimental
observations, it has been reported that various probiotic

bacteria inhibit some viruses by direct binding (Al Kassaa
et al.,, 2014; Boti¢ et al., 2007; Z. Wang et al., 2013).
Direct interactions between vesicular stomatitis virus
and probiotic bacteria including Bifidobacterium (B.)
breve DSM 20091, B. longum Q 46, Lb. reuteri DSM
12246, Lb. plantarum M1.1, Lb. paracasei F19, Lb.
paracasei Al14, and Lb. paracasei/rhamnosus Q 85 (Botic¢
et al., 2007), between influenza viruses and
Enterococcus (E.) faecium NCIMB 10415 (Z. Wang et al.,
2013), and herpes simplex type 2 and Lb. gasseri
CMUL57 (Al Kassaa et al., 2014) have been observed.

The substances such as lipoteichoic acid,
peptidoglycan, nucleic acids, and muramyl dipeptide
found in probiotics have a stimulating effect on the
immune system (Pimentel-Nunes et al., 2010). Probiotic
bacteria stimulate immune system by regulating T cells,
lymphoid cells, and T helper 17 cells by the recognition
of probiotics themselves or their metabolic products
(Kanauchi et al., 2018). It has been suggested that the
great majority of probiotic bacteria show inhibitory
activity against most important respiratory viruses with
their immunomodulatory systems (Lehtoranta et al.,
2014). Since these viruses attach to mucosal cells in the
respiratory tract, probiotics and their antimicrobial
agents cannot physically interact with the virus (Al
Kassaa, 2017). Therefore, probiotics eliminate these
viruses by stimulating the host's immune system.
Therefore, these microorganisms are also called
immunobiotics (Kitazawa et al., 2013).

Probiotic LAB and upper respiratory tract viruses

Among the probiotics, the antiviral effect of
Lactobacilli against respiratory viruses is most widely
examined. Fermented milk product containing Lb. casei
DN-114 001 strain has been reported to reduce
respiratory infections by causing an increase in
neutrophil, leukocyte, and natural killer cell counts in
humans (Guillemard et al., 2010). Moreover, yogurts
fermented with Lb. delbrueckii subsp. bulgaricus
OLL1073R-1 improved natural killer cell activity in
elderly individuals (Makino et al., 2010). In a study
performed on mice, Lb. plantarum L-137 strain was
observed to increase T-helper-1 (Th1l) production
against influenza virus (HIN1) (Maeda et al., 2009). It
was also determined that Lb. plantarum YU strain
suppressed the proliferation of the HIN1 virus in the
lungs of the mice by increasing the Thl immune
response (Kawashima et al., 2011).

In general, it appears that IFN-a takes a crucial role
in the antiviral immune response by triggering the
cytotoxic activity of NK cells (Kanauchi et al., 2018). For
example, Lb. acidophilus L-92 antiviral activity against
influenza A/PR/8/34 (HIN1) virus occurred by increasing
NK cell and the production of IFN-a in a mouse model
(Goto et al., 2013). Lb. rhamnosus Lr05 and Lr06 strains
provided a protective effect against human respiratory
virus strain A2 by stimulating the production of
interferon (IFN)-a, IFN-B, and interleukin (IL)-6
(Tomosada et al., 2013). In another study on mice
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model, Lb. brevis KB-290 also presented inhibition
activity towards influenza A/PR/8/34 virus by
stimulating immunoglobulin A (IgA) and IFN-a (Waki et
al., 2014). Lactococcus lactis JCM 5805 strain inactivated
influenza A/PR/8/34 virus by generating high amounts
of IFN-a in human (Sugimura et al., 2015). Lb.
gasseri TMC0356  reduced influenza  A/PR/8/34
symptoms in experimental mice by improving the
secretion of IgA, IFN-y, IL-12, and IL-6 (Kawase et al.,
2010). Lb. pentosus S-PT84 strain inhibited influenza
A/PR/8/34 virus by activating lung NK cells and
modulating the Th1/Th2 balance (Izumo et al., 2010). On
the other side, Lb. fermentum CJL-112 strain augmented
IL-2 and IFN-y cytokines against influenza A/NWS/33
(HIN1) virus (Yeo et al., 2014).

Studies on  Bifidobacteria have  shown
immunomodulation similar to those of Lactobacilli. B.
longum stimulated the production of interleukins (IL)
and IFN cytokines against influenza A/PR/8/34 virus
(lwabuchi et al., 2011). B. animalis subsp. lactis Bb12 in
breastfed infants was found to increase anti-poliovirus
specific IgA, but not anti-rotavirus specific IgA (Holscher
et al., 2012). Various probiotic strains can be used in
combination to provide a more effective antiviral
property.

Probiotic LAB and gastrointestinal viruses

It is known that probiotics decline the duration of
diarrhea caused by rotavirus. Probiotic application has
been revealed to be more effective at the beginning of
the diarrheal stage (Rosenfeldt et al., 2002). Probiotic
B. longum and Lb. acidophilus strains showed antiviral
activity against rotavirus in vitro and they reduced the
duration of diarrhea in pediatric patients (Lee et al.,
2015). In addition to this, it was determined that the
duration of rotavirus diarrhea decreased as a result of
giving the solution containing probiotic Lb. acidophilus,
Lb. rhamnosus, B. longum and Saccharomyces boulardii
strains orally to children under 2 years of age (Grandy et
al.,, 2010). Similarly, Lb. rhamnosus 19070-2 and Lb.
reuteri DSM 12246 reduced length of hospital stay
based on diarrhea (Rosenfeldt et al., 2002).

Cell-free supernatants of yogurt containing Lb.
acidophilus, Lb. rhamnosus, Lb. plantarum, S.
thermophilus and B. bifidum was found to be more
effective than that of MRS broth containing these strains
against enteroviruses (Choi et al., 2009). This inhibitory
effect probably occurred due to antiviral substances
produced by bacterial cells. Considering the result of this
study, the intake of probiotics with foods may be more
advantageous than taking them in capsules or tablets.

Antiviral proteinaceous compounds produced by
probiotic LAB

Bacteriocins are antibacterial peptides synthesized
by bacteria in their ribosome (Todorov et al., 2010). Al
Kassaa et al. (2014) have been asserted that some
bacteriocins have both antibacterial and antiviral

properties. Various bacteria including probiotics can
produce such antiviral peptides. In published studies,
subtilosin bacteriocin of Bacillus amyloliquefaciens,
bacteriocin of Lb. delbrueckii, TVAAPSVFIFPPSDEQLK
and
EAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSK
bacteriocins of Bacillus subtilis, bacteriocin of Lb.
bulgaricus 761 N, bacteriocin of E. mundtii ST4V,
pediocin-like bacteriocin of E. faecium and enterocin
AAR-71 of E. faecalis AAR-71 showed both antibacterial
and antiviral activities (Al Kassaa et al., 2014; Todorov
et al., 2005, 2010; Torres et al., 2013). Yang et al. (2017)
have also reported that the metabolic products
containing peptides of probiotic Lb. plantarum N4 strain
have antiviral effects. The metabolic products, including
acids, alcohols, peptides, esters, ketones, phenols, of
probiotic Lb. plantarum N4 strain, has been found to be
effective against gastroenteritis coronavirus (Yang et al.,
2017). A pediocin-like bacteriocin produced by E.
faecium ST5Ha strain has been reported to possess
antiviral effect against HSV-1 (Todorov et al., 2010). The
ECso value of this bacteriocin against HSV-1 was found to
be 50 pg/mL. It was determined that extracellular
extracts, possibly including bacteriocins, of Lb.
bulgaricus 761N strain showed antiviral activity against
hepatitis C virus (HCV) (El-Adawi et al.,, 2015). Lb.
delbrueckii subsp. bulgaricus 1043 was shown to be
effective on influenza virus (Serkedjieva et al., 2000). As
for bacteriocin of E. mundtii, it has inactivated herpes
simplex viruses (1 and 2), a polio virus, and a measles
virus depending on its dose (Todorov et al., 2005). The
highest inhibition of this bacteriocin was found to show
at a concentration of 400 pg/mL.

The antiviral actions of the various peptides
derived by fermentations have been analysed. In a study
on casein-derived peptides, although positively or
negatively charged peptides from asz-, - and k-caseins
had no antiviral effects (Floris et al., 2003), lactoferrin, a
protein naturally found in milk, has been reported to
have both antibacterial and antiviral properties
(Farnaud & Evans, 2003; Pan et al., 2007). Additionally,
ADRDQYELL and EDLIWK peptides produced by the
enzymatic hydrolysis of lactoferrin showed antiviral
properties (Dziuba et al., 2009).

Lactoferrin and lactoferrin derived peptides were
also shown to present antiviral activity against HIV-1,
poliovirus, rotavirus, herpes simplex virus, hepatitis C, G,
and B viruses, and cytomegalovirus by increasing the
immunological reactions in the host (Farnaud & Evans,
2003; Pan et al., 2007; Szwajkowska et al., 2011).
Lactoferrin-derived ADRDQYELL and EDLIWK peptides
have been revealed to show antiviral activity against
herpes simplex virus type 1 (HSV1) (Siciliano et al.,
1999). Additionally, Kk-casein-derived
glycomacropeptide and lactoferrin, which are originated
from milk, have been reported to show activity against
influenza virus (Kawasaki et al, 1993). These
researchers attributed the inhibitory activity to sialic
acids in glycomacropeptide and lactoferrin.
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Immunomodulatory peptides can also act as
antiviral agents because they regulate or improve
immune responses. These biological active peptides
have been identified in various fermented foods such as
yogurt, cheese, fermented milk products (Fan et al.,
2019; Jin et al., 2016; Pisanu et al., 2015; Tonolo et al.,
2020). Pisanu et al. (2015) reported the presence of
immunomodulator peptides in sheep cheese including
YQEPVLGPVRGPFPI, YQEPVLGPVRGPFP,
QEPVLGPVRGPFPIL, QEPVLGPVRGPFPI,
QEPVLGPVRGPFP, QEPVLGPVRGPF, PVLGPVRGPFPIL,
PVLGPVRGPFP,  EPVLGPVRGPFPI,  EPVLGPVRGPFP,
EPVLGPVR, LGPVRGPFPI, GPVRGPFP, GPVRGPF,
DMPIQAFLLYQEPVLGPVR peptides from the C terminal
region of the B-casein and immunomodulator LNENLLR,
VLNENLLR, LNENLLRF peptides from the N terminal
region of the asi-casein. Besides, immunomodulator asi-
casein derived peptide LNENLLRF and B-casein derived
peptides GPVRGPFPI, EPVLGPVRGPFP,
QEPVLGPVRGPFP, YQEPVLGPVRGPFP were determined
in milk casein fermented by Lb. helveticus CICC6024. The
Qs1-casein derived isracidin peptide
(RPKHPIKHQGLPQEVLNENLLRF) is known to be an
immunomodulating peptide. This peptide has been
found in fermented milk products such as yogurt and
cheese (Fontenele et al., 2017; Gagnaire et al., 2011; Jin
etal., 2016). Therefore, fermented milk products appear
to be a good source to benefit from these peptides.

Paraprobiotics

Observations on the health benefits of non-viable
cells of probiotics has raised attention to a new concept
of utilizing dead cells (paraprobiotics), instead of viable
cells, as mentioned above. Results of studies comparing
the efficacy of paraprobiotics and probiotics on the
immune system are contradictory. Some studies have
reported that living cells provide a stronger immune
response as compared to dead cells (Cross et al., 2004;
Haller et al., 2000). In contrast, some authors have
asserted that the immuno-stimulatory effects of living
and dead cells were similar (Lopez et al., 2008; Ryan et
al., 2008). These differences may have occurred
depending on the strain type and inactivation method
used (Taverniti & Guglielmetti, 2011). In this context,
more detailed studies comparing different strains and
different inactivation methods are needed. Besides, the
interaction of different strains and inactivation methods
can be examined.

Fermented Food Products and The Rising
Awareness on The Importance of Food
Microbiodiversity

In October 2013, an expert panel was convened by
the International Scientific Association for Probiotics
and Prebiotics (ISAPP) to discuss the field of probiotics.
Based on their proposal, there is evidence that supports
the beneficial relationship between some foods
containing live microbes, especially fermented dairy
products, and reduced risk of certain diseases, such as

type 2 diabetes (Hill et al., 2014). For example, one study
conducted on >6,500 individuals found (Soedamah-
Muthu et al., 2013) that yogurt consumers had reduced
levels of circulating triglycerides and glucose, as well as
reduced systolic blood pressure and insulin resistance,
compared with non-consumers (H. Wang et al., 2013).
However, the panel’s judgement was towards excluding
such food products from the list of probiotics and rather
using the term ‘live and active cultures’ instead of
‘probiotics’. This judgement was based on the fact that
although such fermented food products might
potentially have beneficial microbes, these cultures
often represent a diverse community that is not well-
defined in terms of strain composition and stability (Hill
et al., 2014).

Traditional fermented foods are rich in terms of
‘live and active cultures’. In other words, there are
several different microbial species surviving together in
the same environment (Dimidi et al, 2019). As
compared to fermented foods produced from
commercial probiotic and starter cultures, traditional
fermented foods offer an extremely high microbial
diversity. This microbiodiversity of natural fermented
foods is valuable, considering that most probiotics are
Lactobacilli that originate from these natural food
environments. Thus, having a higher number of
microbial species increases the likelihood of having
microorganisms and biochemical reactions with health
benefits. As the diversity of lactic acid bacteria
increases, it can be suggested that the variety of antiviral
as well as antibacterial and health promoting effects are
likely to increase, although this has yet to be
experimentally proven.

Fermented foods have been part of the Turkish
Tradition for thousands of years. The Word ‘Yogurt’ is
Turkish and is first mentioned in Divanl Liigati't-Tlirk
written by Kasgarli Mahmut in the 10th century and by
Balasagunlu Yusuf Hac Hacip in Kutadgu Bilig.
Traditionally yogurt is used in healing food poisoning,
diarrhea, and as an anti-toxin, in general. In Turkey,
yogurt is industrially produced by S. thermophilus and
Lactobacillus delbrueckii spp. bulgaricus cultures.
However, still many people produce yogurt at home by
traditional methods.

Kefir is another fermented dairy product
frequently produced at home. Not only fermented milk
products but also fermented vegetables are an
important part of the Turkish traditional kitchen. For
example, pickles from vegetables are routinely made at
homes, allowing food preservation. Olives are also part
of the widespread fermentation tradition.

The Turkish consumer believes that home made
fermented foods are much healthier than the
industrially produced ones. Although this is not strictly
correct in terms of food hygiene, it is probably correct
from a probiotic point-of-view. Although traditional
fermented foods do not have a well-defined and
standard microbial population, in general, all are rich in
terms of their microbiodiversity. For example, for the
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production of yogurt, milk is fermented with chickpea or
by using herbs such as Galium aparine (Yogurt otu) etc.
When yogurt is made in this traditional manner, namely
by starting from natural resources of bacteria, the
resulting yogurt consists of different bacterial species
and is not limited by the two cultures, S. thermophilus
and Lb. bulgaricus, described by the Turkish Food Codex
(2009). In one study, Cebi and Aydin (2019) analysed
lactic acid bacteria from fermented chickpea.
Accordingly, Lactoccoccus lactis subsp. lactis was found
as the dominant species (90%), followed by Lb.
plantarum (6.7%) and Lb. brevis (3.3%). It was concluded
that the natural microflora of chickpea was suitable for
use in the preparation of sourdough. In another study,
Hancioglu-Sikili (2003) isolated Lb. plantarum, Lb.
pentosus, Lb. sanfrancisco, E. mundtii, E. gallinarum,
Pediococcus (P.) urinae-equi, Lb. viridencens, and S.
thermophilus species and Saccharomyces cerevisiae
from chickpea. Studies on another popular Turkish
fermented food product, namely Tarhana, has shown
that the bacterial population consisted of P. acidilactici
(27%), S. thermophilus (19%), Lb. fermentum (19%), E.
faecium (12%), P. pentosaceus (7%), Leuconostoc
pseudomesenteroides (5%), Weissella cibaria (4%), 2%
each of Lb. plantarum, Lb. delbrueckii spp. bulgaricus,
Leuconostoc citreum, 1% as Lb. paraplantarum and 0.5%
Lb. casei (Sengun et al., 2009). Kefir is yet another highly
popular fermented dairy product in Turkey. Various
studies have been conducted on the identification of
microorganisms from kefir grains by culture-dependent
and culture-independent techniques (Demir, 2020;
Dertli & Con, 2017; Kesmen & Kacmaz, 2011;
Nalbantoglu et al., 2014; Purutoglu et al., 2020; Tas et
al., 2012). Dertli and Con (2017) identified 15 different
bacterial species and 17 yeast and mold species from
kefir grains by culture-independent method and Lb.
kefiranofaciens was found to be the dominant kefir
associated bacterial strain. On the other hand,
Purutoglu et al. (2020) identified lactic acid bacteria and
yeast from kefir grains by culture-dependent method
and they have revealed that Lactococcus lactis strains
were dominant among them. Moreover, Kesmen and
Kacmaz (2011) determined Lactococcus
lactis , Leuconostoc mesenteroides and Lb. kefiri as
dominant strains in kefir grains analysed in culture-
dependent method, while Lb. kefiranofaciens was
dominant strain in culture-independent method.

It is possible to continue giving further examples,
however, the message is already very clear; Considering
the antiviral mechanisms, namely immunomodaulation,
antiviral metabolites, peptides, adherence and others,
traditional fermented foods are surely more likely to
provide health benefits due to their high microbial
diversity, as compared to the commercial industrial
products which are produced by a limited number of
well-defined probiotic or starter cultures. Although it
may not be possible to use the word ‘probiotic’ without
providing proof by clinical trials, a high
microbiodiversity, specifically of Lactobacilli increase

the likelihood of providing several health benefits. These
comparisons await further experimental analysis.

Conclusion

Both probiotic cultures and their metabolites in
fermented foods have been proven to have antiviral
activity both against upper respiratory tract and
gastrointestinal viral infections. Among the antiviral
mechanisms, most important ones appear to be their
capability of modulating immune response, the
production of antiviral metabolites and direct
interaction of cells and the virus particles. Probiotics,
when orally administered or introduced by nasal
spraying, have been shown to thrive in the mouth and
the nasopharynx and tonsils up to several days. This
suggests, consumption of food is advantageous by
initiating antiviral action from the beginning of the GI.
Not only viable cells but non-viable probiotic cells
(paraprobiotics) have also been shown to have health
benefits, including antiviral action. Paraprobiotics
provide a safer alternative to the administration of live
probiotics at high numbers. Such dead cells naturally
occur in fermented foods, especially upon long periods
of storage and ripening. By being a natural source of
paraprobiotics, diverse microbial species, mostly
Lactobacilli, and rich metabolites, traditional fermented
food products may be the hidden treasure of biological
health benefits, including antiviral activity but this yet to
be supported by experimental evidences.

Future Trends and Perspectives

There have been a vast number of publications up
to date on the health benefits of probiotic lactic acid
bacteria (LAB), including their antiviral activities,
however, these mechanisms are far from being fully
understood. The complex interrelationship of multiple
mechanisms arising from the presence of single or
combinations of LAB, viable or dead cells, consumption
of LAB in the form of tablets or as part of fermented
foods etc., influences the final cross-talk of bacterial and
host cells, as well as bacterial and viral interactions and
the presence/absence and action of viral antagonistic
chemicals. The enormous variety of viruses both
respiratory and gastrointestinal makes the whole story
even more complicated. The complex interplay of these
biological and biochemical components requires further
dedicated research for a clearer understanding of these
antiviral mechanisms. In the literature, in situ studies
with the antiviral properties of fermented food
metabolites, including peptides are inadequate and
should also be considered in future studies. Besides all
aforementioned viruses in the previous studies, the
antiviral effects of peptides on Covid-19, which is the
most troublesome virus of today, can be examined.
Finally, clinical tests analyzing the antiviral and other
health benefits of traditional food products with a rich
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variety of LAB are few, if any, in the literature, and
should be of concern in future studies.
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