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ABSTRACT

The transmission of viruses between different animal species and humans can lead to the
emergence of new infectious diseases with unpredictable pathogenic potential. COVID-19, caused
by SARS-CoV-2, has had a significant impact on human health and the global economy. The
disease is characterized by symptoms such as dry cough, fatigue, muscle pain, fever, shortness of
breath, gastrointestinal discomfort, nausea, vomiting, and runny nose. With limited vaccine
accessibility for individuals between the ages of 18 and 45, exploring alternative therapies is
essential. This paper aims to elucidate the preventive and supportive therapeutic role of probiotics
in managing COVID-19. It discusses the specific mechanisms by which probiotics regulate the
balance of gut microbes, promote gut homeostasis, and exert regulatory effects on the mucosal
immune system, the gut-lung axis, and potential antiviral processes.

Keywords: Probiotics; COVID-19; gut-lung axis; pandemic; Psychobiotics; immunity.

1. INTRODUCTION

Over the past two decades, there has been an
increase in the frequency of virus occurrences
due to their rapid mutation. Various
factors contribute to the resurgence of viruses,
including a rise in immunocompromised
individuals, changes in the environment, limited
availability of antiviral agents, increased global
mobility, and genetic alterations of viruses
[1]. Respiratory diseases are among the
leading causes of death worldwide in both
developed and developing nations [2]. Acute
respiratory infections result in millions of deaths
each year.

The appearance of a new coronavirus identified
as SARS-CoV-2 in December 2019 in Wuhan,
China, led to the epidemic of COVID-19 [3]. Over
the past two years, this respiratory virus has
significantly impacted human health and the
global economy, with approximately 3.27 million
documented deaths and 165 million confirmed
cases globally as of the time of this writing. India
alone has reported 22.3 million cases and
235,000 deaths. SARS-CoV-2 belongs to the
Coronaviridae family and the subfamily
Coronavirinae, which includes viruses primarily
infecting birds and mammals [4]. The
characteristic ~ crown-like  appearance  of
coronaviruses is due to their large surface
spikes. Humans serve as hosts for
coronaviruses, along with other vertebrate
reservoirs such as bats, camels, mice, dogs, and
cats. It is believed that COVID-19 originated in
bats and was transmitted to humans through
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intermediate animal hosts, potentially including
pangolins [5].

Structurally, SARS-CoVs have three main
proteins in their viral envelopes [6,7]. The spike
glycoprotein (S) of SARS-CoV-2 interacts with
ACE2 receptors on cells, facilitating the binding
process [8]. The incubation period of COVID-19
ranges from one to fourteen days, according to
the World Health Organization [9]. While the
exact mode of transmission is not fully
understood, current global epidemics suggest
that the most common method is through surface
contact with droplets containing the virus,
followed by touching the nose, eyes, or mouth. It
is important to note that individuals who do not
exhibit any symptoms can still spread the
disease [10,11]. Other reported symptoms
include pneumonia, loss of smell, sore throat,
headache, and sneezing [5]. Most cases of
COVID-19 with mild symptoms resolve on their
own and result in full recovery [11]. However,
severe infections can result in multi-organ
dysfunction, acute respiratory distress syndrome,
cardiac and kidney damage, or septic shock,
requiring intensive care unit (ICU) admission.
The aim of the review paper is to study the
potential benefits of probiotics in managing
COVID-19.

2. PROBIOTICS AND THEIR USE
IMMUNOMODULATION

IN

Probiotics are defined as live microorganisms
that, when administered in adequate amounts,
confer a health benefit to the host [12]. Examples
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include Lactobacillus, Bifidobacterium,
Leuconostoc, Pediococcus, and Enterococcus.
Lactobacillus and Bifidobacterium are commonly
found in the gastrointestinal tracts of humans and
are frequently used and considered safe in
yogurt and other dairy products [13].
Immunomodulatory  substances  refer to
chemicals that can alter the body's immunity
(Table 1). They can modify or regulate the overall
functioning of the immune system [14]. Immune
modulators can be classified into two main
categories: immune stimulants, which enhance
the immune system, and immune suppressants,
which dampen or inhibit immune responses
[15].

The positive effects of probiotic bacteria on
immunology and overall health are well-
documented. They contribute to regulating the
bacterial ecosystem, modulating immune cells,
enhancing nutrient absorption, and maintaining
general well-being [16]. In a healthy gut, dendritic
cells (DCs) play a crucial role in maintaining
immunological balance. Immature DCs can lead
to T cell deletion or activation of regulatory T
cells [17]. The gut microbiome influences the
priming of these cells by dendritic cells. For
instance, L. reuteri and L. casei activate pro-
inflammatory Thl cells and promote the
production of IFN-gamma [18].

and native
monocytes,

viruses,
these

encounter
flora impacts

Monocytes
microbial

inducing the production of various cytokines as
they differentiate into tissue macrophages.
Macrophages release interleukins, which
stimulate CD4+ Th1 cells and natural killer cells
to produce IFN-gamma, crucial for virus
elimination [19]. Additionally, specific probiotic
strains like L. gasseri, S. bulgaricus, B. bifidum,
and L. acidophilus stimulate monocytes to
produce IFN-alpha [20]. S. thermophilus has also
been found to induce the necessary biomolecule
profiles for antiviral actions [21].

In the case of coronavirus, probiotic bacteria can
adhere to mucosal epithelial surfaces, creating a
steric hindrance that prevents viruses from
binding to host cell receptors such as
angiotensin-converting enzyme 2. The
colonization of these bacteria is crucial for
enhancing gut microbiota, reinforcing the
mucosal barrier, and managing dysbiosis and
diarrhea symptoms. Probiotic bacteria release
various substances like bacteriocins,
biosurfactants, lactic acid, hydrogen peroxide,
nitric oxide, and organic acids, some of which
may inhibit viral replication [22]. Additionally, the
release of intestinal mucins and secretory
antibodies like IgA from mucosal cells can help
neutralize the coronavirus. When the virus
attacks epithelial cells, probiotic bacteria play a
key role in antiviral immunity by modulating the
host's immune response, including the activation
of NK cells, balancing Th1/Th2-mediated
immunity, and triggering the production of

Table 1. Strains of probiotic bacteria and their mode of action in reducing the COVID infection

Probiotic bacteria Mode of action

Reference(s)

L. reuteri; L. casei;
Lactobacillus plantarum

Protection against upper respiratory tract infection; Jounai et al., [23]
TLR-dependent inflammatory response; Diminish

granulocyte and inflammatory-mediated tissue
damage; reduce virus recovery; Enhance defensin
expression and innate immunity

Lactobacillus rhamnosus

Protection against cold-like/flu symptoms;

Al Kassaa et al., [24]

Increase interferon-y and interleukin-2

Lactobacillus delbrueckii
abundance.

boost Bifidobacterium and Lactobacillus

Song et al., [25]

L. paracasei

Fight against cold viruses and boost immune

Kokubo et al., [26]

system; Elevate Antigen-Specific IgA production

and release

Enterococcus faecalis

Stabilize alveolar capillary cross

Ahren et al., [27]

Yeast (S. boulardii)

Reduce systemic and lung injury cytokines

Arai et al., [28]

Lactococcus sp.

Activating plasmacytoid dendritic cells enhances
lung immune response and induces anti-viral

Guillemard et al.,
[29]

response against respiratory viral infection.

Bifidobacterium infantis

IL-17 inhibitory effect

Karen et al., [30]

Bifidobacterium animalis

viral replication, anti-interleukin-17

Jounai et al., [23]

Bacillus subitilis

Competitively inhibits viral adherence

Al Kassaa et al., [24]
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inflammatory cytokines and specific antibodies
[22]. The activation of the immune system further
leads to the differentiation of CD8+ T-
lymphocytes into cytotoxic T-cells, which can
eliminate virus-infected cells. Simultaneously,
CD4+ T-cells differentiate into Thl cells that
activate phagocytosis through NK cells and
macrophages, promoting pathogen destruction.
They can also differentiate into Th2 cells, which
stimulate B-cell proliferation, leading to antibody
production that plays a key role in combating
coronavirus replication. Therefore, probiotic
bacteria may enhance immune responses and
contribute to maintaining immune balance during
coronavirus infections.

3. PROBIOTICS AND COVID-19

The beneficial impact of probiotics on ACE
enzymes has been extensively documented.
During the fermentation process, probiotics
release bioactive peptides that can inhibit the
active sites of ACE enzymes, leading to a
reduction in their activity (Fig. 1). Even after the
probiotic cells have died, their remnants continue
to possess ACE inhibitor properties. These
findings suggest that probiotics may have the
ability to block the respective receptors, which
serve as entry points for viruses targeting the
gastrointestinal tract. While Esler and Esler
[31] hold a different viewpoint, Fernandez-
Fernandez [32] proposed the use of medications
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as a potential therapeutic strategy against
COVID-19. According to Liu et al. [33], an ACE
blocker may help alleviate respiratory distress
syndrome.

Prebiotics, by promoting the growth and viability
of probiotics, may also impact COVID-19. By
blocking ACE activities, probiotics directly
influence gastrointestinal symptoms associated
with the virus. A comprehensive analysis of
twelve research studies investigating the effects
of prebiotic and probiotic supplementation on
influenza transmission has been performed [34].
Researchers concluded that incorporating these
into the diet could enhance hemagglutination
inhibition antibody titers following influenza
infection. Although there is currently no study on
probiotics in COVID-19, employing probiotics in
this context holds promising potential.

Several ongoing registered trials are currently
evaluating the effectiveness of probiotics in
treating COVID-19 patients. Some individuals
with COVID-19 have exhibited an imbalance in
their intestinal microbiota, specifically a
deficiency in certain beneficial probiotic species
like Bifidobacterium and Lactobacillus. To restore
microbial equilibrium in the gut and mitigate the
risk of infection, individuals may need quality
food security along with probiotics. This
imbalance could indicate a compromised
immune system [35].
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Fig. 1. Beneficial effects of probiotics in the alterations in the gut microbiota
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Dietary habits significantly impact the levels,
diversity, structure, and function of the
gastrointestinal (Gl) microbiota. A well-balanced
diet that includes probiotic-rich foods and
immune-provoking trace elements can alleviate
the effects of COVID-19. Fermented foods, which
are sources of probiotics, have shown potential
in preventing COVID-19. Previous studies
demonstrated a notable reduction in the
incidence of upper respiratory tract infections in
various populations consuming fermented milk
with probiotic strains [36]. Considering the
potential of these substances for treating and
preventing COVID-19, they may be a reasonable
choice. Therefore, it is reasonable to utilize
probiotics to enhance defenses during this
pandemic.

Earlier investigations have utilized probiotic
strains, showing unique potential for immunity.

levels of protection against influenza virus
infection [37]. When selecting the most effective
probiotic strains, it is crucial to consider both
human and animal research findings. To ensure
the effectiveness of probiotic treatments, it is
important to review specific studies assessing
the impact of different strains, doses, and the
potential for reducing the severity of COVID-19.

4. LIMITATIONS AND RISKS

While probiotics have shown potential benefits,
there are limitations and risks to consider. The
efficacy of probiotics in COVID-19 management
remains uncertain due to limited clinical trials and
potential variability in probiotic strains. Some
studies have reported conflicting results, and
there may be adverse effects or interactions with
other treatments. Probiotic strains differ in their
health effects and may not be universally

Different strains of Lactobacillus offer distinct

effective against all

pathogens or in all

Table 2. Probiotics, their dosage and outcomes in the treatment of COVID-19

Probiotics Intervention Dose Outcomes Reference(s)
(CFU)
Lactobacillus 1 sachet/ once 1x10° Probiotic reduce the severity of Ahrén et al.,
plantarum daily/ 12 weeks the common cold [39]
Lactobacillus 1 sachet/ 12 1x10° Probiotics alleviate the symptoms Chong et al.,
plantarum weeks of upper respiratory tract infection  [40]
by enhancing immunomodulatory
properties
Lactobacillus 1 capsule/twice 1x 10 Probiotic improve influenza Davidson et al.,
rhamnosus daily/ 4 weeks vaccine immunogenicity [41]
Lactobacillus 1 capsule/day/ 2 3 x10° Probiotics boost influenza vaccine Fonollaet al.,
coryniformis weeks immunity and reduce respiratory  [42]
illness symptoms.
Lactobacillus 1 capsule/once  3x10°  Probiotics improve cold/flu Langkamp-
helveticus daily/ 6 weeks infection during acute stress Henken et al.,
[43]
Bifidobacteriu 1 sachet/ once 1x 10! Probiotics boost innate immunity, Namba et al.,
m longum daily/ 14 weeks reducing flu and fever symptoms.  [44]
Lactobacillus 1 tablet/ once 2 x 109  Probiotics minimise cold Shinkai et al.,
pentosus daily/ 20 weeks symptoms and boost mucosal [45]
immunity.
Lactobacillus 0.1 mL 10 x Probiotics reduce influenza-like Sugimura et al.,
lactis (JCM5805) 1010 illness via the enhancement of an  [46]
yoghurt per o.d IFN-a-mediated response to the
per 10 weeks influenza virus
Bifidobacteriu  1sachet/ 0.d/ 4 2x10° Probiotics boost nose innate Turner et al.,
m animalis 70 days immunity to reduce rhinovirus [471];
symptoms.
Lactobacillus 80 mL drinks/5d 6 x 10°  Probiotics reduce the symptoms Waki et al., [48];
brevis per wk/ 8 weeks of influenza
Lactobacillus 2 capsules/ d/ 24 1 x 10 Probiotics fight respiratory viruses Wang et al.,
rhamnosus weeks like influenza. [49]
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populations.  Adverse effects such as
gastrointestinal  disturbances or infections,
especially in immunocompromised individuals,
have been documented [38]. It is crucial to
balance the benefits with potential risks and to
conduct further research to address these
uncertainties.

5. CONCLUSION

Using probiotics as a complementary approach
alongside vaccines to combat COVID-19 should
be explored due to the potential antiviral effects
of probiotics and their metabolites. The available
evidence indicates that probiotics may primarily
benefit COVID-19 patients by positively
influencing their innate and adaptive immune
responses. The potential advantages of probiotic
administration include changes in the numbers
and functioning of regulatory cells, enhancement
of IgA production for improved mucosal
immunity, promotion of phagocytosis and
macrophage formation, and the stimulation of
dendritic cell maturation. These probiotic effects
are likely to have an impact on reducing systemic
inflammation. As the relationship between the gut
and lungs becomes increasingly apparent,
further research should be conducted to explore
the potential role of probiotics in mitigating the
effects of COVID-19. The research should
investigate whether probiotics directly interact
with the lungs or exert immunomodulatory effects
to reduce systemic inflammation. Given the
variability among probiotics, it is essential to
differentiate and identify the specific capabilities
of different strains of probiotic bacteria when
considering their potential use in managing
COVID-19 and associated comorbidities. This
level of specificity will enable the development of
a more targeted and tailored approach.
Furthermore, the molecular mechanisms of
probiotics could offer new insights into how they
help fight SARS-CoV-2 infection. With
advancements in bioinformatics and
computational studies, it is now possible to
uncover the molecular actions of probiotics
against SARS-CoV-2. Currently available data on
probiotics, human microbiota, health profiles, and
diet serve as valuable resources for research
related to probiotics and viruses, including
SARS-CoV-2. Researches can be further
enhanced by employing computational
approaches such as the microbiome-driven and
ensemble-driven docking methods. Therefore,
integrating  probiotic data  with  existing
computational tools could offer significant
advantages to ongoing COVID-19 research.
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