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The beneficial live microbes of humans and animals are termed probiotics, and the chemical com-
pounds that improve the growth of probiotics are known as prebiotics. Paraprobiotics and postbiotics
refer to dead or inactivated living cells of probiotics and healthful metabolic products that are produced
by the living cells of probiotics, respectively. Although the healthful, functional, nutritional, and

immune benefits of probiotics and prebiotics are scientifically well established beyond a reasonable

doubt, their potential biological roles against COVID-19 infection still warrant further clinical and lab-

I;fg;‘:zgiss oratory investigation.
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1. Introduction

Historically, a probiotic, as a scientific term, indicates some
chemical compound produced by one of the protozoans that has
an ability to stimulate another, and the term has been applied
to the supplements that are added to animal feed to improve
the health of the animal through the beneficial effects on their
gut flora. The description of probiotics as “organisms and chemi-
cal supplements make to create a microbial balance in the
intestine” is completely inaccurate in scientific terms. In 1989,
Fuller revised the term probiotic and emphasized that probiotics
must be live microbial cells that have the biological activity to
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improve the microbial balance in the host intestine (AFRC, 1989).
This definition has gradually developed to involve specific benefi-
cial effects such as improving the host’s immune system (Isolauri
et al, 2004). Ilya Ilyich Mechnikov (discoverer of phagocytes)
hinted that live microbes have a biological role in improving
human health during his study about longevity. According to
the theory of Elie Metchnikoff, the manipulation in the micro-
biomes of animal and human gastrointestinal tract using benefi-
cial microbes cultivated in yogurt can enhance health and delay
aging (Mackowiak, 2013).

Over a century earlier, there were several scientific questions
concerning probiotics that still require interpretations and
answers. At a global level, the aspects of identification, production,
biological features, advantages, disadvantages, competition with
pathogens, passing through the gastrointestinal tract, colonization
of the intestinal area, nutritional value, and induction of immunity
system mechanisms have been well investigated by scientists.
Today, researchers are seeking to investigate the use of probiotics
to fight against the SARS-CoV-2 (COVID-19 infection) endemic and
pandemic (Infusino et al., 2020; He et al., 2020). This article is
aimed to review the scientific facts related to this topic.

2. What are probiotics, prebiotics, paraprobiotics, and
postbiotics?

In 2001, the joint FAO and WHO Expert Consultation agreed on
a specific definition of the probiotic, i.e., “live microorganisms
which when administered in adequate amounts confer a health
benefit on the host.” (Hotel and Cordoba, 2001). The beneficial live
microorganisms of the host are carried through dairy and nondiary
fermented products (Rivera-Espinoza and Gallardo-Navarro, 2010).
The selection of probiotics depends on biological (food safety and
functional aspects) and technical characteristics. The vital aspects
concerning the selection and production of probiotics include the
pathogenicity, resistance to antibiotics, viability and stability in
the gastrointestinal tract, beneficial modulations of the immune
system, antagonistic features, and genetic and physiological stabil-
ity (Saarela et al., 2000). The concept of prebiotics has been revis-
ited currently, leading to their definition as a most suitable
fermented component that provides the opportunity for particular
biological modifications, both in the constituents and/or perfor-
mance in the microbiota of the gastrointestinal tract that has
healthy benefits on the host (Roberfroid, 2007). Recently, the terms
paraprobiotics and postbiotics have emerged in some literature,
where the first term refers to dead or inactivated living cells of pro-
biotics, and the second term refers to healthful metabolic products
that are produced by the living cells of probiotics (Barros et al.,
2020). Fig. 1 summarizes the major differences among probiotics,
prebiotics, paraprobiotics, and postbiotics.

Healthful microbial
living cells

Chemical agents have the
ability to stimulate the
probiotics

Paraprobiotics

Dead or inactivated
probiotics

Beneficial metabolites of
probiotics

Fig. 1. The major differences among probiotics, prebiotics, paraprobiotics, and
postbiotics.
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3. The most important probiotics

Several microbes are used as probiotics, and several products
have been claimed to contain some of those microbes. The most
common types of probiotics belong to the genera Bifidobacterium,
Lactobacillus, and Saccharomyces, and the most common seven
types of probiotics include B. animalis subsp. animalis, B. animalis
subsp. lactis, B. longum, L. acidophilus, L. reuteri, L. casei, and S.
boulardii.

* Bifidobacterium spp. are Gram-positive, nonspore-forming,
anaerobic, frequently branched with bifid shape, nonmotile bacte-
ria. They inhabit mammals and have been frequently isolated from
the human gastrointestinal tract, breastfed infants’ faces, mouth,
vagina, and dental caries (Crociani et al., 1996; Gavini et al.,
2006; Hadadji et al., 2005). B. animalis subsp. animalis and B. ani-
malis subsp. lactis possess the ability to grow well on milk culture
and resistance to acidity and oxidative stress and exert several bio-
logical functions such as immunomodulation, adherence to human
epithelial cells, and improvement of intestinal barrier function. In
this regard, B. animalis subsp. lactis BB-12 strain and B. animalis
subsp. lactis DN-173 010 strain are the two commercial probiotic
strains that have been widely investigated (Quigley, 2017). These
strains can be distinguished using subspecies-specific biomarker
peaks observed in mass spectrometry, and tuf (elongation factor
Tu) and atpD (ATP synthase beta subunit) gene sequencing can also
be applied for the identification of these strains (Schumann and
Maier, 2014). The bacterium B. longum includes three biotypes that
were previously classified into the following three independent
species: B. infantis, B. suis, and B. longum. This reclassification was
based on the analysis of 16S RNA gene sequence, 16S-23S ITS
sequence, DNA-DNA hybridization, and HSP60 (heat shock protein
60) gene sequence (Mattarelli et al., 2008). It has been reported
that numerous strains of B. longum can colonize the intestine due
to their ability to resist bile salts and gastric acid in the gastroin-
testinal tract (Xiao et al., 2003). Moreover, a recent research
reported that some strains of B. longum can metabolize several
oligosaccharides to produce acetic acid (primary end product)
and lactic and formic acids (Ruiz-Aceituno et al., 2020).

* Lactobacillus spp. are Gram-positive bacteria that do not form
endospores and possess the ability to tolerate oxygen (or microaer-
ophilic bacteria). There are more than 200 species belonging to the
genus Lactobacillus, and several Lactobacillus species are known to
inhabit the human body, constituting a group of the most impor-
tant microbiota, and are considered as the most common probi-
otics that are added to several dairy and nondairy products.
Some Lactobacillus species can ferment sugar into lactic acid (ho-
mofermentation), and other species can also produce lactic acid
or alcohol (homofermentation) (Hammes and Vogel, 1995; Sun
et al., 2015). L. acidophilus strains metabolize sugar into lactic acid
(homofermentation) and can grow in low-pH environments. Based
on the oxygen requirement, these strains are classified as micro-
aerophilic bacteria (Baati et al., 2000). L. reuteri is identified as an
indigenous human intestinal microbiome and has also been iso-
lated from other mammals and food. This probiotic is a heterofer-
mentative bacterium with the ability to produce reuterin that
exhibits a broad-spectrum antimicrobial property (Britton, 2017;
Lee et al., 2017). The L. casei group has been reclassified genotypi-
cally and phenotypically to consist of the following three faculta-
tive heterofermentative bacterial species: L. casei, L. rhamnosus,
and L. paracasei. This group can produce several bioactive meta-
bolic compounds that are beneficial for humans and animals (Hill
et al., 2018).

*S. boulardii is an S. cerevisiae strain that has particular genome
characteristics such as chromosome IX trisomy and some distinc-
tive genes and also exerts a biological activity against numerous
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stomach and intestinal disorders and diarrhea associated with
antibiotics. This strain has distinctive physiological features such
as tolerance to differences in pH, temperature, and gastrointestinal
stresses such as enzymes, acids, and bile salts. It also has unique
adhesion proteins that function to obstruct pathogenic microbial
adhesion to the mucosal membrane in the stomach and the intes-
tine (Edwards-Ingram et al., 2007; Fietto et al., 2004; Khatri et al.,
2017; Tiago et al., 2012).

4. Coronavirus disease 2019 (COVID-19)

Coronaviruses (CoV) are a large family of viruses that have dis-
tinctive crown-like appendages on their surface. Human coron-
aviruses (CoV) were identified in the mid-1960 s, and currently
the following seven types of CoV have been identified as having
the ability to cause several mild, moderate, and severe symptoms:
229E (alpha), NL63 (alpha), 0C43 (beta, HKU1 (beta), MERS-CoV
(Middle East respiratory syndrome, or MERS), SARS-CoV (severe
acute respiratory syndrome, or SARS), and SARS-CoV-2 (COVID-
19) (https://www.cdc.gov/coronavirus/types.html, Page Ilast
reviewed on February 15, 2020). Based on the last update on July
22,2020, 03:00 GMT + 3, the number of confirmed cases and con-
firmed deaths caused by the novel coronavirus (COVID-19) globally

had reached 14,73,563 and 611,284, respectively (https://www.

who.int/emergencies/diseases/novel-coronavirus-2019). The treat-
ment strategies that could be applied for coronavirus disease 2019
(COVID-19) include artificial ventilation and antiviral agents. In
addition to the universal attempts made to develop and produce
vaccines, the biological agents needed to treat the viral infection
using immunomodulation have received prime attention (Cao,
2020). Immunomodulation refers to alteration of the immune
response or the functional immune system by the action of a sub-
stance that affects the functioning of the immune system, which is
termed as an immunomodulator (Bondy and Pestka, 2000; Hubbell
et al., 2009).

5. Inmunomodulation by probiotics and prebiotics

Immunomodulation includes the natural and therapeutic pro-
cesses that are aimed at modifying the immune response (Gea-
Banacloche, 2006). The immunomodulatory techniques used cur-
rently are shown in Fig. 2. Immunomodulators can be classified
into the following two major groups: immunostimulants and
immunosuppressants that respectively function to stimulate and
suppress the animal immune system (Nair et al., 2019). It has been
reported that in the gastrointestinal tract of humans and animals,
peptidoglycan (released from the cell walls of both Gram-
positive and Gram-negative bacteria) and lipopolysaccharide (re-
leased from the cell wall of only Gram-negative bacteria) of the

Cytokine Viral vectors Naked DNA

Vaccination

§

Immunomodulatory techniques

Chemical immunomodulators Probiotics and prebiotics

Fig. 2. The most efficient immunomodulatory tools applied for modifying the
human immune response. The information is extracted from (Erickson and
Hubbard, 2000; Gea-Banacloche, 2006).
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intestinal bacterial flora could play a functionally significant role
in improving, conservation, and biological functions of the immune
system (Hamann et al., 1998).

6. Probiotics against the COVID-2019 pandemic

There is extensive research investigating the biological roles of
the gut microbiota in influencing lung disorders that include
asthma, chronic obstructive pulmonary disease, chronic bronchitis,
emphysema, lung cancer, pneumonia, pleural effusion, viral and
infection (Han et al., 2007). It is also recognized that viral infections
in the respiratory tract cause a disturbance in the gut microbiota
(Dhar and Mohanty, 2020). On May 8, 2020, (Baud et al., 2020)
listed the most important probiotics that could be related to
decreasing the burden of the COVID-19 pandemic, which included
L. casei, L. gasseri, B. longum, B. bifidum, L. rhamnosus, L. plantarum, B.
breve, Pediococcus pentosaceus, and Leuconostoc mesenteroides. All
these probiotics have been added to several products such as
DanActive/Actimel fermented drink (Danone), Tribion harmonis
(Merck), Shirota, Morinaga, and Medipharm (Baud et al., 2020). A
recent study conducted in China confirmed that COVID-19 infec-
tion affects the balance of natural microbiota in the human intes-
tine based on the observation of reduced counts of
Bifidobacterium spp. and Lactobacillus spp. in patients infected by
COVID-19 (Xu et al. (2020a)). In another recent study, the authors
reported that the proportion of patients with COVID-19 who suf-
fered from antibiotic-related diarrhea could reach 36% (Mak
et al., 2020). These studies indicate the urgent need to support
the balance of microbiota in patients with COVID-19 using some
probiotics (Mak et al., 2020; Xu et al., 2020a). In another recently
published retrospective study from Zhejiang province, China, the
authors found that most of the patients with relatively mild symp-
toms had received probiotics along with the established treatment
protocols, which included interferon-alpha inhalation, lopinavir,
ritonavir, and arbidol (Xu et al., 2020b). It has also been reported
that COVID-19 can cause severe hypoxemia and changes in the bal-
ance of gut microorganisms. On the other hand, a significant reduc-
tion of probiotics (Bifidobacterium spp., Lactobacillus spp., and
Eubacterium spp.) was found to significantly increase the number
of pathogens (such as Corynebacterium spp., Actinobacteria spp.,
and Ruthenibacterium spp.) (Yu et al., 2020). Ceccarelli et al.,
(2020) reported that COVID-19 can cause disorders in the human
stomach and intestines, however, there is no scientific evidence
about the role of COVID-19 in host-microbial flora disorders. Some
probiotics that belong to the genus of Lactobacillus and bifidobac-
terium biological activity to control the gastrointestinal dysbiosis
caused by the severe acute respiratory syndrome coronavirus 2
(Sundararaman et al., 2020).

7. Reducing the cytokine storm associated with COVID-19 using
probiotics

The cytokine storm is an offensive inflammatory response
resulting from COVID-19 infection in some patients, which is
caused due to the production of a large quantity of proinflamma-
tory cytokines (Huang et al., 2020; Ragab et al., 2020) (Fig. 3). This
cytokine storm can damage the lung, gastrointestinal tract, brain,
cardiovascular system, liver, kidney, microcirculation, and eyes
(Bhaskar et al., 2020). Extensive research suggests that probiotics
have the ability to regulate functional and mucosal immune cells
and epithelial cells in the human intestinal tract. Probiotics exert
functional roles in achieving and preserving the precise equilib-
rium between the necessary and unnecessary protective mecha-
nisms, including all the immune responses (innate and adaptive)
(Yan and Polk, 2011). According to Yan and Polk (2011), regulation
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COVID-19 infection

Reactive oxygen species (ROS) in epithelial cells

m Cell death

Nuclear factor
kappa-light-chain-
enhancer of
activated B cells

(NF-xB)

Synthesis of NLR
family pyrin domain-
containing 3

(NLRP3)

[Pathogen-
associated
molecular
patterns
(PAMPS)

N\

Pattern
recognition
receptors (PRR)
activation

Activated T cell

Macrophages

Neutrophils

Cytokine storm

Fig. 3. Cytokine storm resulting from SARS-CoV-2 infection. The data are extracted
from (Bhaskar et al., 2020).

of the immune response by probiotics is always performed through
several biological interactions as follows:

- direct interaction with epithelial cells in the intestinal tract
- interaction with dendritic cells

- interaction with follicle-associated epithelial cells

- -interaction with macrophages

- interaction with T and B lymphocytes

- interaction with gene expression

- interaction with signaling pathways (Yan and Polk, 2011)

A biological role of probiotics in fighting the cytokine storm
related to COIVD-19 can be deduced from the available theoretical
evidence concerning their role in regulating the immune response;
however, there still exists a need for clinical and laboratory evi-
dence (Akour, 2020; Baud et al., 2020; Mak et al., 2020). Therapeu-
tic and precautionary applications of Weissella cibaria (a Gram-
positive bacterial probiotic) and heat-killed W. cibaria in inflamma-
tory diseases have been evaluated by (Yu et al., 2019), wherein the
results indicated that W. cibaria possesses biological activity as an
anti-inflammatory agent, which is associated with the repression
of NF-xB. Another study conducted by (Schmitter et al., 2018) con-
cluded that some strains of L. paracasei and L. plantarum have the
potential capacity of reducing the immune inflammatory response.
The probiotic L. reuteri and some Lactobacillus strains can form bio-
films and produce some biological factors that possess anti-
inflammatory characteristics (Ayyanna et al., 2018; Jones and
Versalovic, 2009). In another recent study, it was mentioned that
one of the prophylactic methods that can reduce the impact of
COVID-19 on immunocompromised individuals is to improve
human immunity through probiotic supplementations (Dhar and
Mohanty, 2020).

In the event of a failure to produce a vaccine, it is believed that
the best approach to fight COVID-19 infection is by improving the
immune system using probiotics and prebiotics that have the

868

Saudi Journal of Biological Sciences 28 (2021) 865-869

potential to minimize the inflammation caused by COVID-19 infec-
tion (Conte and Toraldo, 2020). In August 2020, (Bottari et al.,
2020) reported that immune benefits of probiotics in COVID-19
infection could be obtained by developing mucosal immunity
through the stimulation of IgA secretion, improvement of the bio-
logical functions of phagocytosis and macrophages, and adjust-
ment of regulatory cells. Moreover, it has been reported that
there is scientific evidence to confirm the role of probiotics and
some nutrition elements (such as vitamins, trace elements, and
nutraceuticals) in enhancing the immune functions, which could
play a role in the obstruction and management of the viral infec-
tion caused by COVID-19 (Jayawardena et al., 2020).

8. Conclusion

The probiotics are live microbes which when administered in
acceptable quality and quantity amounts confer a health benefit
on the host. Coronavirus disease (COVID-19) is a contagious illness
caused by a recently identified coronavirus. This disease caused
health, economic, and social problems, and the number of cases
still continuously increasing. Although the healthful, functional,
nutritional, and immune benefits of probiotics and prebiotics are
unquestionable, including their roles in fighting some viral infec-
tions such as seasonal virus infections, their potential roles against
COVID-19 infection still warrant more clinical and laboratory
investigations.
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