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Background and aims: Probiotics can support the body’s systems in fighting viral infections. This review
is aimed to focus current knowledge about the use of probiotics as adjuvant therapy for COVID-19
patients.
Methods: We performed an extensive research using the PubMed-LitCovid, Cochrane Library, Embase
databases, and conducting manual searches on Google Scholar, Elsevier Connect, Web of Science about
this issue.
Results: We have found several papers reporting data about the potential role of probiotics as well as
contrasting experimental data about it.
Conclusions: Most data show good results demonstrating that probiotics can play a significant role in
fighting SARS-CoV-2 infection, also compared with their use in the past for various diseases. They seem
effective in lowering inflammatory status, moreover in patients with chronic comorbidities such as
cancer and diabetes, improving clinical outcomes.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

A beneficial association of microorganisms in the human body
was first established by D€oderlein in 1892. Then, bacteria from
fermented milk products have been tested for their health-
promoting properties by Metchnikoff in 1908. Much progress has
been made in microbiology with technological advances, especially
regarding genetic analysis. In 2001, the Nobel laureate Joshua
Lederberg introduced the term “microbiome”, including the entire
genetic patrimony of all living microorganisms in the human body
(gastrointestinal system, skin, respiratory system, urogenital sys-
tem etc.). Instead, the term “microbiota” refers to the specific and
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unique composition (genera/species) of this microbial population,
differs from one person to another, and influences human health
(Table 1) [1e3]. While the microbiota remains largely unchanged
throughout life and very similar between two individuals, micro-
biome constantly changes and differs significantly between in-
dividuals, even if they are homozygous twins. Hence, microbiome
has its own biological importance and should be studied as a part of
the entire human genome [1,2].

To understand the central relationship between microbes and
the human body many investigations have been made, particularly
for a better comprehension of its role in human health. In 2008, an
international project, the so called “Human Microbiome Project”,
was designed by the US National Institutes of Health (NIH) [1,3].

Humanmicrobiomemust be considered as a “metabolic system”

that interacts with the host and performsmany necessary functions
for human health. Continuous and reciprocal relationships
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Table 1
Main bacterial composition of the human microbiota in the various body areas. It is noted that the Bacteroides are present in airways, mouth and gastrointestinal tract, instead
Firmicutes is present in all.

Prevailing Bacteria

Body sites Phyla

Skin Actinobacteria, Firmicutes, Proteobacteria
Oral Bacteroides,Firmicutes,Fusobacteria,Proteobacteria
Airways Bacteroides, Firmicutes, Proteobacteria
Gastrointestinal Bacteroides, Firmicutes, Actinobacteria
Urogenital Firmicutes

L. Santacroce, F. Inchingolo, S. Topi et al. Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15 (2021) 295e301
(crosstalk) between the host and all the microbiota sites define
several axes, such as the gut/lung or gut/brain or gut/skin. For
instance, through the mesenteric lymphatic system, intact bacteria
and their metabolites enter the systemic circulation and influence
the pulmonary immune response (gut/lung axis). Through this way
intestinal metabolites, mainly produced by bacterial fermentation
of dietary fiber, such as short-chain fatty acids (SCFAs), significantly
influence local gut immunity but also distant organs. SCFAs derived
from gut are able to suppress lung inflammation [4e8]. Dendritic
cells (DCs), the antigen-presenting cells of the mammalian immune
system, stimulate T-cells subpopulations in mesenteric lymph
nodes and gut lymphatic tissue to produce regulatory cytokines.
After airways immune-stimulation, these T-cells move from the gut
to the respiratory system, providing protection and stimulating an
anti-inflammatory response In fact, gut microbiota rebalancing has
been shown to reduce ventilator-associated enteritis and pneu-
monia [4,7,9].

Opposite to the healthy condition of eubiosis is the so called
dysbiosis. The altered bacterial balance causes the translocation of
cytokines, endotoxins and microbial metabolites in the general
circulation to other organs, such as the lung. Conversely, respiratory
inflammation (due to many causes, e.g., respiratory viral infections
due to SARS-CoV-2), causes local dysbiosis and, in turn, the trans-
location of microbial metabolites and toxins to other organs, such
as the gut (Fig. 1). Physiological changes in the human microbiota
Fig. 1. Gut/Lung axis: the hypothesis that the intestinal microbiota can modulate the imm
activation of nuclear factor kappa-light chain-enhancer (NFkb) and plasma cells with various
helper 1 (Th1) migrating later to the lung through the bloodstream. The bacterial metabolit
light-chain-enhancer of activated B cells (NFkB), reducing production of tumor necrosis fac
This will lead to the reduction of the inflammatory cytokines and lung immunomodulation. T
and lymphocytes migrate to the gut .
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with age leads to a “physiological dysbiosis”, with less diversifica-
tion in microbial composition, aggravated in case of comorbidity
(hypertension, diabetes, chronic inflammatory bowel diseases, etc.)
[9e11]. Therefore, to establish the condition of eubiosis, “good”
bacteria are required. The concept of probiotics as a food with
positive effects was firstly used by Parker RB in 1974 and then
recognized by the Food and Agriculture Organization (FAO), and
more recently by the Word Health Organization (WHO) [4,7,11].

On December 31, 2019, a novel Coronavirus strain was reported
in Wuhan, China, subsequently identified as a new Coronavirus
beta strain ß-CoV from Group 2B, with a genetic similarity of
approximately 70% to SARS-CoV. It was denominated “Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)”, which is the
cause of COVID-19, the pandemic ongoing till date. On December
20, 2020, more than 50-million SARS-Cov-2 infections have been
confirmed worldwide. Our efforts are to investigate alternative/
supporting therapeutic remedies in the fighting against this virus.
Particularly, we think that SARS-CoV-2 infection course could
influenced by many factors, including intestinal dysbiosis. In this
document we analyze available data on the association between
SARS-CoV-2 and human microbiota [12,13].
2. The SARS-CoV-2 action on microbiota

COVID-19 symptoms are on average non-specific, especially in
unological activity of the lung and vice versa: Lipopolysaccharides (LPSs) promote the
T cells, in particular regulatory T or suppressor T cells (Treg cells), T helper 17 (T-h17), T

es, in particular short chain fatty acids (SCFAs) act directly on the nuclear factor kappa-
tor alpha (TNF-a) and the downregulation of the pattern recognition receptors (PRRs).
hen, interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-a), interferon gamma (IFNg)
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children and young adults. Fever, body aches, nasal congestion, dry
cough and sore throat are the most frequent. About 5e10% of pa-
tients suffer from gastrointestinal symptoms (nausea, vomiting,
diarrhea, abdominal pain). Less frequent symptoms are hyposmia
or anosmia, ageusia, neurological symptoms (encephalopathy and
encephalitis), cerebrovascular events (ischemic stroke, intracere-
bral hemorrhages, and more), neuropsychiatric symptoms (psy-
chosis, dementia, affective disorders etc.) and skin manifestations
(maculo-papular or papulovesicular rash, urticarious lesions, livedo
reticularis) [14e17]. Furthermore, patients with oncologic and
metabolic disorders may experience worse clinical course.

SARS-CoV-2 pro-inflammatory response can cause a pulmonary
hyper-inflammatory scenario, leading to acute respiratory distress
syndrome (ARDS) and diffused alveolar destruction (DAD)
[15,18e20]. It damages bronchiolar structures and disrupts sur-
factant, the protective film produced by type II pneumocytes
[15,18,19]. The structural protein SARS-CoV-2 spike (S) binds the
angiotensin converting enzyme 2 receptor on human cells (ACE2),
using it as a “gateway” to penetrate the cell and to replicate. This
receptor is expressed on endothelial cells, on airways epithelial
cells, but also on intestinal cells. ACE2 is one of the central enzymes
in the renin-angiotensin system (RAS) that regulates blood pres-
sure, fluid and electrolyte balance, but also vascular local and sys-
temic resistances.

In the lungs, local RAS activation contributes to lung damage
throughout multiple mechanisms, such as increasing permeability
and causing alveolar epithelial alterations. The cascade starts with
the activation of the renin, which cleaves angiotensinogen gener-
ating angiotensin I (Ang-I, decapeptide hormone, inactive). The ACE
converts angiotensin I to angiotensin II (Ang II, an octapeptide
hormone, active). This exerts vasoactive effects by binding two
types of receptors, AT1 and AT2 [14,18,21]. ACE2 is present in the
gut, so this must make us aware of its possible involvement in the
pathophysiology of the disease. It physiologically contributes to
regulating amino acid transports. When its activity is altered, a
decrease in tryptophan occurs which leads to a reduction in the
activity of the mTOR (mammalian target of rapamycin) pathway,
causing an altered expression of antimicrobial peptides on Paneth’s
intestinal cells. This alteration modifies the composition of the in-
testinal microbiota, both qualitatively and quantitatively. In turn,
this influences the gut/lung crosstalk [14,18,21e24].

In various pathological situations, such as that of SARS-Cov-2
infection, the loss of equilibrium between IL-10 and IL-17 has
been observed. In fact, one of the main pathogenic mechanisms
causing pulmonary acute damage is the “cytokine storm”. IL-6 is
one of the main pro-inflammatory markers in this sense
[9,18,24,25].

Since the presence of gastrointestinal symptoms, in many cases
in those with a severe prognosis, we can hypothesize that SARS-
Cov-2 interacts with the gut microbiota via the gut/lung axis.
Contemporary, we believe it could be responsible of neuropsychi-
atric and cutaneous manifestations through the gut/brain and gut/
skin, and skin/brain axes [8,12]. SCAFs are able to inhibit the myelin
synthesis in the prefrontal cortex, inhibiting the action of the
transcription factor Sox10 in oligodendrocytes. Myelin loss is
associated with anxiety, depression, and decreased sociability.
Perhaps this is a probable explanation for the neuropsychiatric
manifestations [18,26,27].

In the setting of COVID-19, it is also important to consider that
antibiotics and antivirals are often given to patients with SARS-Cov-
2 infection, which could result in further gut microbiota dysbiosis.
Therefore, dysregulated inflammation and intestinal dysbiosis is
caused not only by the infection itself. Indeed, comorbidities or the
patient’s agemay be the causes that lead to a greater severity of the
disease and poor results in therapy. This may be one of the reasons
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for the increased severity of COVID-19 due to the direct regulation
of crosstalk between the intestine, lung, brain, and skin, which
increases immune dysregulation. (Fig. 2) [14,28e30]. Therefore, all
this leads to the translocation of pathogenic organisms through the
intestinal mucosa and secondary bacterial infections. Consequently,
the increased inflammatory response leads to multi-organ
dysfunction with poor clinical outcome [14,23,31,32]. Indeed, in
the SARS-Cov-2 was observed, in several studies, that the intestinal
microbiome presented bacterial diversity. It is reported that there is
a higher number of opportunistic pathogenic population, such as
Actinomyces, Streptococcus, Rothia, Veillonella, Clostridium hathe-
wayi, Actinomyces viscosus, Bacteroides nordii and reduced Eubac-
terium ventriosum, Faecalibacterium, Lachnospiraceae. It is also
noted that the excessive presence of Coprobacillus, Clostridium
ramosum and Clostridium hathewayi related to the severity of the
prognosis. Instead, there is an inverse relationship between the
excessive presence of Faecalibacterium prausnitzii, acting as in-
flammatory activator, and the severity of the infection [31]. In other
studies, in the fecal microbiome was found that Lactobacillus, Bifi-
dobacterium, Streptococcus, Clostridium, Firmicutes, Corynebacte-
rium, Ruthenibacterium were over represented, and the
Lactobacillus, Bifidobacterium, Coprococcus, Parabacteroides, Rose-
buria, Faecalibacterium and Bacteroidetes were inferior [32,33]. Fir-
micutes has a potential influence on the intestinal ACE2 expression,
and Bacteroides dorei, Bacteroides thetaiotaomicron, Bacteroides
massiliensis and Bacteroides ovatus, have shown an inverse corre-
lation with the fecal load of SARS-Cov-2 and a protective effect
against inflammation [31,33,34].

Finally, the bidirectional link between intestinal microbiota and
the skin contributes to skin allostasis and homeostasis after an
inflammatory process also based on its role in innate and adaptive
immunity. It has been noted that pro-inflammatory cytokines
produced in excess further aggravate the barrier damage in the
intestine. This triggers in turn a vicious circle that leads to systemic
low-grade inflammation with also involvement of the skin and
development of pathologies such as acne, atopic dermatitis, and
psoriasis [1,8,35]. A SARS-Cov-2 patient also presents skin symp-
toms, as we have previously mentioned. The discovered alterations
of the gut microbiota in these patients could partly justify their
presence thanks to this immune process of gut/skin crosstalk, that
still are undergoing further studies [12e14].In fact, in alterations of
the composition of the intestinal microbiota there is an increase in
the production of free phenol and p-cresol, which are the final
product of the metabolism of aromatic amino acids by Clostridium
difficile. The passage of these substances into the bloodstream can
induce their accumulation in the skin with alteration of epidermal
differentiation and of the skin barrier, capable of causing skin
dehydration and alterations of keratinization. So, there is an alter-
ation of intestinal permeability induced by dysbiosis capable of
altering the relationship between Teff and Treg lymphocytes in the
intestine (and not only) with involvement of the skin [23,35,36].

3. SARS-CoV-2 infection and the role of probiotics in
microbiota dysbiosis

Many evidences demonstrated significant effects of probiotics in
strengthen and modulate the immune system against diseases
[11,37e39]. In case of dysbiosis, probiotics contribute to repopulate
gut with “good” bacteria, avoiding pathogens proliferation and
establishing a condition of eubiosis [9,39].

The term probiotics include many species, such as Lactobacillus
spp. (L. acidophilus, L. casei, L. rhamnosus), Bifidobacterium spp
(B. bifidum, B. longum, B. lactis), Enterococcus spp (E. faecalis, E.
faecium), and Saccharomyces spp (S. boulardii, S. cerevisiae), Leuco-
nostoc, Pediococcus. The Lactobacillus spp. (L. rhamnosus) and



Fig. 2. The “immunity dysregulation dysbiosis cycle” (IDDC) hypothesis in SARS-CoV-2 patients: in the context of SARS-Cov-2 infection, it is important to consider the patient’s age,
comorbidities, malnutrition, superinfections, antibiotics and antivirals which could result in further microbiota dysbiosis. This will lead to direct dysregulation of the human
microbiota and of the intestinal, pulmonary, brain and skin axes. Consequently, immune dysregulation will increase leading to continuous increased microbiota dysbiosis and
immune dysregulation. All this can contribute to a severe prognosis for the patients.
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Bifidobacterium spp. (B. lactis HN019) are commonly taken by fer-
mented products, such as yogurts and cheeses. (Table 2)
[11,40e42]. The Lactobacillus spp. and Bifidobacterium spp. are the
main conventional probiotics that can really be used for the balance
of a diversified intestinal ecosystem in the fight against SARS-Cov-
2. The rationale for using probiotics to treat SARS-CoV-2 comes
from some experimental studies and indirect evidences. Probiotics,
such as Lactobacillus can, through an antiviral action, lead to a
condition of eubiosis in the intestinal microbiota and thus can
contribute an anti-inflammatory effect and to the prevention of
super-infections.

It is recommendable the use of probiotics, and their metabolites
SCFAs, to reinforce innate and adaptive immunity in SARS-CoV-2
patients, as an adjuvant strategy against complications. The
Table 2
Main probiotics strains Lactobacillus, Bifidobacterium and Streptoccocus spp. used as food
anti-inflammatory efficacy and immune-stimulatory effects in various diseases, such as
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rationale for this approach comes from different experimental ev-
idences [43e47]. Probiotics detain anti-inflammatory properties
during viral infections and contribute to prevent bacterial super-
infections. Butyrate, a probiotics’ metabolite, has been found in
the portal circulation. It binds a G protein coupled receptor (free
fatty acid receptor 2) on leucocytes, stimulating pulmonary mac-
rophages proliferation and dendritic cells translocation. In the
lungs, they contribute to stimulate a Th2 immune response.
Contemporary, probiotics show an immunomodulating role in the
cytokine storm (IL-1B, IL-6, IL-15, IL-15, IL-17 IFN-g, TNF-a)
[34,48e50].

Beneficial properties of probiotics in viral infections have been
documented in antibiotic-associated diarrhea, different gastroin-
testinal infections, but also in modulating inflammation during
and adjuvant therapy. The bacteriotherapy already in the past had demonstrated its
the viral ones. They are also easy to administer and usually have no side effects.



Fig. 3. The various bacteria strains with the two different action ability. In general, probiotics can (a) compete with pathogens for sites of attachment to the mucosa; (b) modulate
and strengthen the expression of genes that code for the proteins of the junctions themselves; (c) produce low molecular weight organic acids (lactic acid and acetic acid) and
bacteriocins (proteinaceous or peptidic toxins for some pathogenic bacteria) and (d) modulate the immune system for the benefit of the persons or patients, mainly through the
increase of antibodies level and inhibitory effects on inflammatory interleukins.
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high and low airways infections and sepsis, both in children and
adults. The administration of multilayered probiotics tablets
(L. paracasei, L. plantarum, L. acidophilus, L. delbrueckii, B. longum, B.
infantis, B. breve, S. salivarius) to children admitted to the intensive
care unit (ICU) with severe sepsis was useful to increase anti-
inflammatory cytokines (TGF-ß1, IL-10) and to decrease pro-
inflammatory cytokines levels (TNF-a, IL-6, IL-12p70, IL-17)
[14,29,51]. The administration of more than twenty probiotics has
demonstrated to improve anti-inflammatory interleukins levels
and anti-viral antibodies production, reducing the viral load
[51e54]. For instance, Lactobacillus delbrueckii ssp. bulgaricus
OLL1073R-1 and L. plantarum L-137 reduced the viral load of
influenza and influenza H1N1 (modified strain) viruses in infected
mices, respectively. On the other hand, the administration of
Enterococcus faecalis FK-23 in HCV patients reduced liver enzymes,
but without reducing the viral load [44,55].

In COVID-19 patients, probiotics could help to restore the altered
gut microbiota, contributing to a healthy gut-lung axis. They could
also reduce pathogens translocation through the intestinal mucosa,
avoiding overlapping infections.

Hence, the immunomodulatory effects of probiotics could be
relevant to prevent major complications in COVID-19 patients, such
as ARDS with DAD and multi-organ dysfunction syndrome (MOF).
Moreover, probiotics could interfere with the virus entry into the
host cells and with its replication. Bifidobacterium animalis inhibits
coronaviruses replication with an anti-interleukin effect. Lactoba-
cillus casei ATCC 39392 stimulates IL-17 expression during coro-
navirus gastroenteritis. Some hypotheses have indicated that oral
administration of Streptococcus salivarius K12 strain, through a still
not perfectly clear molecular mechanism, reduce IL-8 plasma
concentrations and increase interferon-g salivary levels. Corona-
viruses can also be vulnerable to probiotics, and in experimental
models they have shown that Enterococcus faecium NCIMB 10415
increases nitric oxide (NO), and this leads to increased expression of
IL-6 and IL-8. Instead, E. faecium HDRf1 is able to modify pro-
inflammatory cytokines levels (TNF-a, IL-1, IL-6, IL-8, IL-12, IL-17)
[18,56,57].

Two meta-analyses of twelve and thirteen randomized
controlled trials, demonstrated clinical benefits of Lactobacillus and
Bifidobacterium administration in mechanically ventilated patients
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in ICU, showing a lower incidence of upper respiratory tract in-
fections and ventilator-associated pneumonia. Another study
showed a better prognosis in 28 of 70 symptomatic patients taking
probiotics (L. acidophilus DSM 32241, L. helveticus DSM 32242,
L. paracasei DSM 32243, L. plantarum DSM 32244, L. brevis DSM
27961, B. lactis DSM 32246, B. lactis DSM 32247, 2400 billion bac-
teria per day), reducing the risk of admission in ICU. All these ac-
tions would be useful in reducing SARS-CoV-2 dissemination in the
respiratory tract and gut, reinforcing both anti-inflammatory re-
sponses and immune defenses (Fig. 3) [14,32,47].
4. Conclusions

The SARS-CoV-2 pandemic made patient’s management diffi-
cult, especially regarding therapy. Different factors (age, comor-
bidities, therapeutics, etc.) dysregulate the four communication
axes of the gut/lung, gut/brain, and gut/skin and skin/brain
microbiota, leading to microbial imbalance in those patients. We
can define this new hypothesis as the “immunity dysregulation
dysbiosis cycle” (IDDC). The proven efficacy of probiotics was
already demonstrated in the past in various diseases, including the
viral ones, specially their anti-inflammatory and immune-
stimulatory effects. Immunomodulatory benefits are particularly
relevant for people at risk of developing SARS-CoV-2 severe dis-
ease. In this case, they exhibit excessive inflammatory responses
and complications, especially in case of comorbidities. Moreover,
probiotics are available and not expensive, easy to administer
orally, without side effects or therapeutic interferences. Hence, they
are a potential therapeutic strategy that must considered in sup-
porting moderate and severe cases of SARS-CoV-2. Some authors
also recommend their administration in mechanically ventilated
patients and in advance for a better prognosis and outcome.
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