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Article Info ABSTRACT:
The novel Corona virus SARS-CoV-2 virus causes the
Volume 6, Issue 11, July 2024 Coronavirus disease (COVID-19), first emerged at the end of
2019, quickly spread over the world and impacting millions of
Received: 23 May 2024 people by causing severe illness and enormous mortality. To yet,
no specific drugs have been developed to reduce the severity of
Accepted: 20 June 2024 the disease. Hence we must focus on alternative approaches to

. ) prevent or mitigate the impacts of disease. Probiotics have been
Published: 09 July 2024 reported to play important role in several activities in the health
doi:  10.33472/AFJBS.6.11.2024.1168-1179 benefits to the host. It also involve in the production of nitric oxide
(NO), which acts as a vasodilator, which is absolutely essential in
hypoxemia in Covid19 patients with acute respiratory distress
syndrome (ARDS). Nitric oxide also acts as antiviral agents and
suppresses the replication of several DNA and RNA viruses,
including Corona viruses. Psychobiotics, a group of
microorganisms with the potential to play significant role in
psychiatric diseases and will undoubtedly be required to address
potential mental stress problems during this pandemic in the
current situation. Probiotics may also help patients recover faster
from coronavirus by inhibiting or reducing the "cytokine storm,"
which damages the immune system's defenses and may contribute
to COVID-19 patient mortality. Probiotics have been
demonstrated to perform a wide range of important roles,
suggesting that they could be one of the most effective and
practical approaches for overcoming or decreasing the
consequences of Covidl9 disease. However, further research is
required prior to the implementation of probiotics in the Covid19
treatment.
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1. INTRODUCTION

A novel Corona virus, Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
virus was identified as the source of a cluster of pneumonia cases in Wuhan, China's Hubei
Province, at the end of 2019. It spread rapidly and causes epidemic throughout China,
subsequently to global pandemic (Mclntosh 2022). The World Health Organization (WHO) in
February 2020 declared the Coronavirus disease (COVID-19) as a pandemic disease (WHO
2020). The COVID-19 caused by corona virus was named as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Approximately 300 million COVID-19 cases have been
reported globally till date. According to the most recent data, there have been 328558243
confirmed cases of COVID-19 documented worldwide, with 5548696 deaths (ECDC 2022).
Several variant of the SARS-CoV-2 evolved over the time which causes various level of
disease severity. According to a recent report, the newly identified variant Omicron caused less
severe disease than the other previously described variants (Mclntosh 2022). COVID 19
disease is a major public health problem that affects human population worldwide through
severs illness and death as well. Not yet any particular drugs have been developed to prevent
the disease severity. However several countries are using several vaccines as a preventative
measure against the COVID 19. In India, a total of 1622607516 vaccine doses have been
administered till January 24, 2022 (GOI 2022). Despite this, most of the populations are getting
infection with COVID-19 after vaccination; additional viral variant with greater
transmissibility may evolve (Graham et al. 2021). Due to the lack of effective treatments and
vaccines, we must rely on alternative approaches to prevent or reduce the effects of disease.
Using the probiotics is one of the effective and realistic approaches to overcome or diminish
the effect of disease Covid 19. Probiotics is live microorganism, when ingested in appropriate
amounts; provide health benefits to the host (WHO/FAO 2014). Probiotic bacteria must be safe
for human consumption, be able to reach the intestines alive in large quantities, and provide
specific health benefits to the host. These bacteria have to maintain intestinal flora balance by
modifying the gut environment in a way that promotes the growth of friendly beneficial
bacteria while inhibiting the growth of detrimental disease-causing organisms. Lactobacillus,
Bifidobacteria, and the yeast Saccharomyces boulardii are some of the most often used
probiotic bacteria. In addition to being used as drugs, Probiotics are mostly used as probiotic
dairy products and fortified meals (Tiwari et al. 2012). Recently it has been proved that
probiotics provide numerous benefits to the host by alleviating lactose intolerance symptoms
(Alvarez-Olmos et al. 2021). They have also been shown to help in the prevention of acute
diarrhea, Rotaviral diarrhea, traveler's diarrhea, antibiotic-associated diarrhea (AAD), and
cancer recurrence, particularly bladder and colorectal cancers (Bengmark 2003; Blum et al.
2000 & 2002; Bottazzi 1983; D’Souza et al. 2002; DuPont & Ericsson 1993; Elliott et al. 2005).
The effect of the probiotics has also been evaluated in the blood pressure regulation, cholesterol
reduction, and obesity reduction in adults (Tiwari et al. 2012).

Common health benefits of the probiotics:
Apart from the aforementioned roles, probiotics plays important role in a variety of many other
activities, including:

° Inflammation: Probiotics help in the reduction of systemic inflammation, which plays
a leading role for a variety of diseases (Lescheid 2014).
o Weight loss: Studies have found that certain strains of the Lactobacillus family L.

fermentum, L. amylovorus, L. rhamnosus can help you lose weight and belly fat (Jaclyn et al.
2013; Sanchez et al. 2014).
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o Depression and anxiety: The probiotic bacterial strains Bifidobacterium
longum and Lactobacillus helveticus have been found to reduce the anxiety and depression
symptoms in persons with clinical depression (Luna and Foster 2015).

o Blood cholesterol: Probiotics have been shown to reduce cholesterol levels through
bile salt hydrolase (an enzyme of probiotics) and cholesterol assimilation (Jiang et al., 2019;
Nagpal et al., 2012)

o Blood pressure: Probiotic bacteria may not only have metabolic pathways to lower
blood pressure, but they may also alter receptor expression to re-sensitize the body to
hypotensive signals. Several bacterial species of the Faecalibacterium, Clostridium,
Eubacterium, and Roseburia can produce butyrate, which has recently been described to help
lower blood pressure (Cookson 2021, Louis et al. 2017&2009).

o Immune function: Several probiotic strains have been shown to improve the body
immunity, potentially lowering the risk of infections such as the common cold (Ozen et al.
2015; King et al. 2014).

o Skin health: Oral probiotics have been shown to be effective for treating topical skin
problems such atopic dermatitis, acne, and rosacea, as well as other skin problems (Lolou et al
2019; Knackstedt et al. 2019).

o Anti-aging: There is evidence that probiotics have the potential to extend lifespan
through increasing the ability of cells to replicate themselves, though research is extremely
limited (Sivamaruthi et al. 2018).

o Obesity and Insulin Control: Researchers have found that infants with a high
Bifidobacterium number and a low Staphylococcus number are less likely to gain weight in
later stage of life (Kallioméki et al. 2008).

In addition, probiotics may effective in the Lactose Intolerance, Diarrhoea, Inflammatory
Bowel Disease (IBD), Irritable Bowel Syndrome (IBS), Constipation, Necrotizing
Enterocolitis (NEC), Colorectal Cancer, Allergic Diseases (Atopic Disease, Eczema and
Rhinitis and Asthma), Urinary Tract and Vaginal Infections, Cognitive Function and Mental
Health, neurological disorders, Inflammation of the Joints etc.

Sl.

No Probiotic bacterial genera Species involved

L. plantarum, L. paracasei, L. acidophilus, L.
1 Lactobacillus casel, L. rhamnosus, L. crispatus, L. gasseri, L.
reuteri, L. bulgaricus

2 Propionibacterium P. jensenii, P. freudenreichii
3 Peptostreptococcus P. productus
4 Bacillus B. coagulans, B. subtilis, B. laterosporus

L. lactis, L. reuteri, L. rhamnosus, L. casei, L.

5 Lactococeus acidophilus, L. curvatus, L. plantarum

6 Enterococcus E. faecium

7 Pediococcus P. acidilactici, P. pentosaceus

3 Streptococcus S. sanguis, S. oralis,sgl.i\rgirtiijés. thermophilus, S.
9 Bifidobacterium B. longum, B. catenulatum, B. breve, B.

animalis, B. bifidum
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10 Bacteroides B. uniformis
11 Akkermansia A. muciniphila
12 Saccharomyces S. boulardii

The microorganisms commonly used as probiotics

Probiotics, which are mainly bacteria, can be used as a complementary and alternative medicine
(CAM) to prevent and treat several diseases as well as to improve overall health (Alvarez-
Olmos et al. 2001). However, there is scarcity of evidence about the use of probiotics. For their
use, detailed scientific knowledge is required including their safety and proper application. It
has also been found that the impact of one probiotic species or strain does not always apply to
others (Bengmark et al. 2003).

Significance of probiotics in the COVID-19 pandemic

Apart from its application and use in a variety of common diseases, probiotics have also been
shown to have a significant role in the prevention and control of the covid 19 viral infection
through various mechanisms.

1.1. Probiotic microbes and the production of nitric oxide (NO) for potential application
in COVID-19

COVID-19 disease is a respiratory tract infection that causes hypoxemia in patients with acute
respiratory distress syndrome (ARDS), a life-threatening situation of serious ill patients which
is characterized by poor oxygenation, pulmonary infiltrates, and onset acuity (Diamond et al.
2021). The supplement oxygen supply is not always sufficient for the oxygen starvation hence
an advance mechanism is require reversing the hypoxemia in COVID-19 that can provide the
facility for easy transport of oxygen from alveoli to blood. Based on the recent Clinical and
experimental study it has been evident that Inhaled Nitric Oxide (NO) plays significant role to
restore oxygenation by helping in the normalization of shunts and ventilation/perfusion
mismatches. Apart from the vasodilatation, Nitric Oxide plays important role in the suppression
of the replication of a respiratory corona virus that is unique to other vasodilators. Another in
vitro study found that nitric oxide may play a key role in the suppression of SARS-CoV-2;
virus causes COVID-19 (Kingsland 2020).

Nitric oxide (NO), a free radical that has been reported earlier to suppress the replication of
several DNA and RNA viruses, including coronaviruses, is a promising therapeutic compound
that is now being studied in clinical trials for COVID-19 (Lisi et al. 2021). R-107 and
COVINOX are two well-known NO-based prodrugs that are being tested in clinical trials
against COVID-19 (Mir et al. 2021).

However, its involvement in the immunological host response to viral infections is
complicated; depending on the type and concentration of the virus, it may be important for
pathogen control or harmful to the host. These findings revealed that Nitric Oxide may have
an important role in effective treatment of COVID-19, however urgent research is require into
the best ways to use it to restore pulmonary physiology (Mel 2020; Kingsland 2020).

The metabolic pathway for the synthesis of nitric oxide (NO) in eukaryotic cells is well-known
due to its role in a various important functions, including regional blood flow regulation
through vasodilation, relaxation of smooth muscle, secretory and immunological modulation
(Lisi et al. 2021; Levine et al. 2012; Luiking et al. 2010; Moncada et al. 1991). It has been
shown in Fig 1 that the synthesis of NO is stimulated during inflammation.
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Fig 1: Synthesis of NO is stimulated during inflammation

In addition to eukaryotic cells, Gut bacteria can also produce NO, however the exact
mechanism is unknown (Vermeiren et al. 2009). In the first approach, the bacterial nitric-oxide
(NO) synthases (bNOSs), which resemble to eukaryotic nitric-oxide (NO) synthases (eukNOS)
can synthesize microbial Nitric oxide synthesis from L-arginine.

The activities of bacterial Nitric oxide (bNO) have been reported in a group of gram-positive
bacteria, and genome sequencing data revealed genes coding for proteins that are similar to
eukNOS but are shorter (Gusarov et al. 2008; Johnson at al. 2008; Yarullina et al. 2006; Kuroda
et al. 2001; Takami et al. 2000). Bacillus anthracis, Bacillus subtilis, Deinococcus
radiodurans, and Streptomyces spp. were found to produce bacterial Nitric oxide (bNO) in
vivo, which was dependent on arginine (Gusarov et al. 2008; Johnson at al. 2008; Adak et al.
2002a &2002b). In addition to L-arginine, Nitrate and nitrite can be used as an N-source for
nitric oxide (NO) synthesis. Lactobacilli and bifidobacteria have also been found to produce a
significant amount of nitric oxide (NO) from nitrite (Sobko et al. 2005).

Researchers have reported that the significant role for inhaled NO in the clinical management
of COVID-19, however details information about the use of NO in treatment of acute
respiratory distress syndrome (ARDS) of limited. Several important gastrointestinal bacteria
have been reported to produce adequate amount of Nitric oxide (NO). These bacteria could be
used as probiotics to combat Covid 19 viruses following the clinical trial procedure. Probiotics
may act as defensive agents against COVID-19 infection by increasing nitric oxide production.
The successfully use of probiotics in the fight against COVID-19 will be a revolution in the
current Covid pandemic situation around the world.
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1.2. Psychobiotics and their importance in mental health during the COVID-19

The gut-brain axis, a bidirectional communication between the gut microbes and the central
nervous system, has recently been a significant topic for researchers (Clapp et al. 2017). This
axis connects the central and an enteric nervous system of the body, the latter of which is
responsible for digesting (Gunnars 2020). Certain gut microbes have been shown to influence
your brain via this axis in both health and disease. These microorganisms belong to a new
emerging field known as "psychobiotics" (Ochoa-Repéraz at al. 2016; Cheng et al. 2019;
Sarkar et al. 2016). According to research, psychobiotics may be use to help in the treatment
of several cognitive and neurological disorders such as Alzheimer's disease, autism, and
Parkinson's disease etc. (Hills et al. 2019).

COVID-19 infections lead to social isolation, mortality in family, friends, and relatives, and a
lack of effective drugs, all of which are stressful factors that causes feelings of loneliness,
hopelessness and anger, as well as short-term post-traumatic stress disorder in people (Ahmed
et al., 2020). Furthermore, epidemic spreads has overwhelmed health systems result in a lack
of beds and personal protective equipment, leads to development of anxiety and emotional
stress among medical professionals. Similarly, raising the death numbers, infection fears, a lack
of medical equipment, unavailability of effective medicine, a long period of lockdown as well
as frustration, depression, a longer quarantine period and financial loss, can all lead to
psychiatric problems in the normal population (Brooks et al., 2020; Réhr et al., 2020; Roy et
al., 2020). As a result, there is an immediate need to develop an effective strategy to reduce the
mental stress of the community caused by the Covid19 Infection.

Thus, psychotropic drugs would almost definitely be needed to treat potential mental stress
problems during this pandemic, although their use has several endocrine and metabolic side
effects. They are responsible for changes in gut microbiota composition and gastrointestinal
function, as well as causes hypertension, hyponatremia, hyperprolactinemia, hypothyroidism,
diabetes, sexual dysfunction, hyperparathyroidism, weight gain, weight loss, metabolic
syndrome, and dyslipidemia etc. (Bhuvaneswar, 2009, Cussotto et al., 2019). To overcome of
the severe side effects associated with the use of psychiatric drugs, a safe, more effective and
less side effect-prone therapy should be implemented. As shown in Fig 2.

Loneliness feelings,
COVID-19 Frustration, Depression,
Hopelessness , Anger, post-

X traumatic stress disorder
Y
al S

\
Psycholroplc
drugs
Probiotic drugs side effects
0990

Gut-brain axis Hypertension, Hyponatremia

Hyperprolactinemia, Hypothyroidism,
Diabetes, Sexual dysfunction,
Hyperparathyroidism, Weight gainfloss,
Manage mental Metabolic syndrome, Dyslipidemia
stress, loneliness,

griefetc.

Fig 2: Side effects associated with the use of psychiatric drugs
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It has been reported that several microorganisms have the ability to play important role in
psychiatric diseases, which has gained great attention in the current scientific communities.
The group of the bacteria which have potential therapeutic properties for the treatment of
psychiatric diseases is known as Psychobiotics (Dinan et al., 2013). Several bacteria have been
explored as potential psychotropic agents such as, Streptococcus thermophiles, Bacillus
coagulans, Bifidobacterium animalis, Bifidobacterium longum, Bifidobacterium
bifidum, Lactobacillus acidophilus, Lactobacillus bulgaricus, Lactobacillus plantarum,
Lactococcus lactis, Lactobacillus reuteri, Lactobacillus paracasei, Lactobacillus
rhamnosus, Lactobacillus helveticus, Clostridium butyricum, and others (Cheng et al.,
2019; Gualtieri et al., 2020; Vaghef-Mehrabany et al., 2020).

It has recently been suggested that supplementing with specific strains of probiotics rather than
taking psychiatric medications may be a better approach for some people to manage with the
mental stress, loneliness, and grief caused by the current COVID-19 pandemic (Araujo et al.
2020). Most current hot research topic is to determining which bacteria are involved and how
they are interacting with the brain (Carabotti et al. 2015).

1.3. Probiotics and inhibiting effect on cytokine storm during COVID-19

Based on the several studies it has been confirmed that gut microbiota plays important role in
the COVID-19 infection. Hence it is important to improve the gut microbiota which can be
accomplished by probiotic supplements and diet which could be an effective approach for
fighting and treating COVID-19 infection (He et al. 2020). In the severely ill patients of the
COVID-19 excessive inflammatory cytokines ‘“cytokine storm” have been observed which
causes the damage defense of the body’s immune and maybe contributing to mortality (Tang
et al. 2020). As shown in fig 3

Fig 3: cytokine storm
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It has been proven that gut microbiota improves the immune system and reduces inflammation;
therefore it is likely that probiotics could speed up recovery from coronavirus by inhibiting or
restricting the "cytokine storm™ (Akour, 2020). COVID-19 infected person may experience
several other symptoms including diarrhea, abdominal pain, nausea, vomiting, loss of appetite
etc. and it is well know that probiotics plays important role in the treatment all of these
(Cholankeril et al. 2020).

Some researchers theorize that probiotics could help prevent the coronavirus by blocking the
angiotensin-converting enzyme (ACE) receptor where the SARS-CoV-2 pathogen enters the
body to invade gastrointestinal cells (Olaimat et al. 2020).

1.4. Probiotics and gut-lung axis responses

Another proposed link between COVID-19 and probiotics involves what is called the “gut-
lung axis”. This is a system of communication and interaction between the gut and lung tissues,
which occurs via microorganisms of the human microbiome (Enaud et al. 2020). Imbalances
of the intestinal flora are known to be related to lung diseases and respiratory tract infections.
Researchers suggest that correcting those imbalances may promote optimum lung health,
which might help guard against pathogens like SARS-CoV-2 (Shi et al. 2017, He et al. 2020).
Other research suggests that probiotic supplementation may promote antiviral activity in
general to improve immune, pulmonary, and anti-inflammatory response that might help clear
the SARS-CoV-2 infection. As shown in fig 4. (Baud et al. 2020, Infusino et al. 2020).

* Promote antiviral activity
* Improve immune,
« Pulmonary, and

ﬁ « AntiHinflammatory response
—

Gut-lung axis

* . " 0 ) 0

COVID-19 \\ 4

v Probiotic

Respiratory tract infections / lung diseases

Fig 4: Probiotic supplementation may promote antiviral activity in general to improve
immune system

One study advises caution, suggesting that not all probiotic strains will exert the same effects.
It questions whether probiotic supplementation can alter the content of the gut microbiome
enough to combat COVID-19. Research proposes that improving the gut microbiome through
probiotic supplementation and diet may help treat the SARS-CoV-2 infection that causes
COVID-19. Research is still in its early stages, and additional data and clinical trials are needed
prior to implement to treat and control the Covid 19.
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2. Conclusion

Due to the deadly covid situation in all over world, we need to think about the development of
such a product that can help to save the humans life. During this pandemic, the majorities of
people is isolated and have limited interaction with others, which can lead to
develop the sentiments of loneliness, anger, as well as severe mental stress. However, it have
been proved that the  some probiotic  stains including Streptococcus
thermophiles, Bifidobacterium animalis, Bifidobacterium  bifidum, Bifidobacterium
longum, Streptococcus thermophiles, Lactobacillus bulgaricus, Lactococcus
lactis, Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus

reuteri, Lactobacillus paracasei, Lactobacillus helveticus, Lactobacillus rhamnosus, Bacillus
coagulans, Clostridium butyricum, and others can suppress the mental stress at very below
level. Using the bacterial strains we need to promote for the development such kind of product
(psychobiotics) that can reduces the mental stress, which is important factor for the disturbance
of blood pressure, hyper thinking, depression etc.

Many essential functions of nitric oxide have been reported, including improved oxygenation,
blood clot inhibition, and antiviral properties. Nitric oxide forming activity have been reported
by many gastrointestinal bacteria such as Lactobacilli, bifidobacteria Bacillus subtilis, Bacillus
anthracis, Deinococcus radiodurans, and Streptomyces spp. Hypoxia is currently one of the
most serious issues, with a high rate of mortality in covid patients. If there is any chance of
developing probiotics using the reported bacteria, it could save a lot of lives.

Gut microbiome supplemented with probiotics and healthy diet might be an effective approach
to combat and treat an infection with the new coronavirus SARS-CoV-2. Probiotic
supplementation has been shown to boost immunological, pulmonary, and anti-inflammatory
responses, which may help clear the SARS-CoV-2 infection. If the immune system is strong,
the risks of infection are minimal, and probiotics can help to boost immunity. Therefore, it is
necessary to promote and generate awareness among the normal person about the importance
of consuming probiotics in daily life in order to reduce the effects of SARS-CoV-2 infection.
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