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Abstract

Introduction The coronavirus disease (COVID-19) is caused by the severe acute syndrome coronavirus-2 (SARS-COV-2)
and still threatens human life. This pandemic is still causing increased mortality throughout the world. Many recent studies
have been conducted to discover the pathophysiology of this virus.

Material and methods However, in this narrative review, we attempted to summarize some of the alterations in physiologi-
cal pathways that were evident in this viral invasion. Excessive inflammation that progresses to cytokine storm, changes
in humoral and cell-mediated immunity, and observed alterations in iron metabolism are included in the pathogenesis of
the virus. Iron homeostasis disturbances may persist for more than two months after the onset of COVID-19, which may
lead to reduced iron bioavailability, hypoferremia, hyperferritinemia, impaired hemoglobin, and red blood cell synthesis.
Furthermore, hypoferriemia may impair immune system function. Until now, the traditional treatments discovered are still
being tried.

Results However, using probiotics as an adjuvant was shown to have beneficial effects on both iron homeostasis and immu-
nity in COVID-19. Herein, we discussed the possible mechanisms achieved by probiotics to ameliorate iron and immunity
changes based on the available literature.

Conclusion We concluded that supplementing probiotics with conventional therapy may improve COVID-19 symptoms
and outcomes. Taking into consideration the use of good quality probiotics and appropriate dosage, undesirable effects can
be avoided.
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Introduction

The coronavirus disease 2019 (COVID-19) is a disease that
is rapidly spreading throughout the world. The disease's
clinical spectrum ranges from asymptomatic cases, mild,
flu symptoms to pneumonia, and potentially fatal complica-
tions like acute respiratory distress syndrome (ARDS) and
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also multiple vital organ failure such as renal and hepatic
failure. This unexpected pandemic was caused by a newly
discovered severe acute respiratory syndrome coronavirus-2
(SARS-COV-2). It has a rapid transmission that occurs
mainly through respiratory droplets and oral routes. The
virus RNA has also been detected in the gastrointestinal tract
where the virus can invade enterocytes [1].

Coronavirus disease 2019 is distinguished by immune
system activation with concomitant inflammation [2], hyper-
coagulation, hyperferritinemia, and decreased hemoglobin
levels indicating anemia [3, 4]. It was documented that both
anemia and hyperferritinemia are strong predictors of mor-
tality [5]. In this context, Taneri et al. [4] reported that dis-
turbance of iron metabolism and anemia may play a critical
role in multiple organ dysfunctions in COVID-19 patients.
Hepcidin is the master regulator of iron homeostasis. It is
worth noting that a large number of activating inputs must
be integrated to tightly regulate hepcidin gene expression
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during inflammatory responses to ameliorate anemia of
inflammation and make appropriate iron level adjustments
[6]. Strategies based on hygiene and social distancing could
not stop the rapid progression of the COVID-19 infection.
An effective drug therapy is still development and vaccines,
mostly of RNA type directed against the viral spike pro-
tein, are registered but not available in poor countries so that
only <50% of the world population are vaccinated (Janu-
ary 2022). Nutritional researchers have documented the use
of functional foods or nutraceuticals as an adjuvant with
conventional medicine or as preventive strategies to combat
this pandemic [7, 8]. Herein, probiotics can facilitate the
prevention or as adjuvant against COVID-19 [9]. Probiotics
exhibit an immunomodulatory role in the cytokine storm
associated with SARS-COV?2 infection [10]. Furthermore,
they can restore iron homeostasis that has been disrupted by
viral infection [6]. Several studies have been conducted to
demonstrate that probiotic administration reduces the risk
of viral respiratory infection and decreases the severity of
disease in patients [11]. Also, lower flu periods and reduced
fever days were observed in individuals who were given
Lactobacillus and Bifidobacterium strains [12]. In this nar-
rative review, we summarized some aspects of SARS-COV2
pathophysiology, focusing on its effect on iron homeostasis
and inflammation. Also, we attempted to discuss the role of
probiotic supplementation in ameliorating such detrimental
aspects based on the available literature.

COVID-virus

Viral respiratory infections are the major cause of worldwide
mortality. The most important viruses in this respect are
adenovirus, rhinovirus, influenza viruses, and coronavirus.
The clinical symptoms of these viruses are closely simi-
lar including fever, cough, rhinitis, bronchitis, and fatigue.
These symptoms range from mild to severe and the infection
may involve the upper, middle, or lower respiratory tract
[13]. Coronavirus (COVs) are the most pathogenic ones.
COVs are highly diverse enveloped single-strand ribonu-
cleic acid (RNA) with a positive-sense RNA genome [14].
COVs are classified as alpha, beta, gamma, and delta. Only
alpha and beta COVs may cross animal and human barriers,
causing respiratory, enteric, hepatic, or neurological infec-
tions [15].

In China, a new type form of COVs was discovered in
2019, causing severe pneumonia and multiple deaths. It is
termed Severe Acute Respiratory Syndrome coronavirus-2
(SARS-COV-2). It belongs to Nidovirales order, coronavir-
idea family, coronaviridea subfamily, and beta cronavirus
genus [16]. It is the cause of the current pandemic COVID-
19 which is rapidly spreading around the world due to per-
son-to-person transmission [17].

@ Springer

Severe Acute Respiratory Syndrome coronavirus-2 pos-
sesses three main structural proteins in the virion envelope;
spike protein(S), which aids virus adherences and fusion,
membrane protein (M), which participates in virion assem-
bly, and envelope protein (E). Spikes are projections on the
virus surfaces which appeared as crown-shaped and thus
they are termed coronavirus. Furthermore, the virus con-
tains nucleocapsid protein (N) which is surrounded by an
envelope [10]. Figure 1 depicts the structure of the SARS-
COV2 virus [18].

Severe Acute Respiratory Syndrome coronavirus-2 enters
the cells through binding by spikes (S1, S2) to angiotensin-
converting enzymes 2 (ACE2) receptors. ACE-2, an ami-
nopeptidase that is expressed in the lung cells, vascular
endothelial cells, and macrophages [19]. The virus invades
the host respiratory and gastrointestinal tracts. The S1 spikes
exert a strong adhesion to the host cells while S2 spikes
change cells surfaces to enable virus genome transfer into
the host cells [20]. Then the virus RNA replicates in the host
cells. Finally, new virus particles are formed and released
into the blood or lymph streams and the cycle can start again.
After an incubation period from 2 to14 days, infection symp-
toms appear; the severity of symptoms is determined by host
immunity; COVID-19 respiratory symptoms include fever,
cough, dyspnea, and in some patients pneumonia [21]. In
addition to respiratory symptoms, patients may exhibit gas-
trointestinal symptoms like diarrhea, vomiting, loss of appe-
tite, and abdominal pain. This suggests that the virus can
multiply in both the digestive and respiratory systems [22]
and it also indicates the presence of the possibility of oral
transmission by the respiratory droplets from the infected
person. Furthermore, coronavirus has caused complications
in renal and hepatic functions, cardiac activities; thrombotic
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Fig.1 SARS-CoV-2 structural diagram. This is an enveloped, posi-
tive-sense RNA virus with four major structural proteins: spike (S)
and membrane (M) glycoproteins, as well as envelope (E) and nucle-
ocapsid (N) proteins, adapted from Florindo et al. [18]
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mechanism, diabetic control, nervous system, vision, and
skin integrity [23].

Immune response to SARS-COV-2

After coronavirus enters human epithelial cells of respira-
tory and gastrointestinal systems or the conjunctiva, mucosal
immunoglobulin A (IgA) presumably defends these epithe-
lial tissues. An elevation of IgA titter was found in severe
cases of COVID-19 [24]. Moreover, the IgA response
appears to be more persistent and stronger than the immu-
noglobulin M (IgM) response [25]. Furthermore, the sentinel
immature dendritic cells (DC) scavenge the viral antigens
(phagocytosis). Meanwhile, the immature DC presents viral
antigen to T-lymphocytes in the mucus epithelium and lym-
phoid tissue. Also, interferon type 1 (IFN-1) include IFN-o
and IFN-f up-regulate the expression of specific genes that
inhibit viral replication and dissemination, resulting in viral
RNA destruction [26]. However delayed IFN-1 production
may activate the recruitment of inflammatory cells like
macrophages, neutrophils, and monocytes. They secrete
pro-inflammatory cytokines (such as IL-2, IL-6, IL-17,
granulocyte—macrophage stimulating factor (GM.CSF), and
TNF-a) that cause a cytokine storm which results in immune
exhaustion, tissue damage, and poor therapeutic outcomes
[27]. In severe COVID-19 patients, an elevation of Interleu-
kin-6 (IL-6) has been observed [28]. Also, high infiltrations
of macrophages in the bronchi of dead COVID-19 individu-
als were observed by autopsy [29] and in the spleen and
lymph nodes in COVID patients. These macrophages cause
inflammation by producing an excessive amount of IL-6
[30]. In addition to inflammation caused by macrophages,
they accumulate at the site of infection (lung) and stimulate
fibroblasts causing pulmonary fibrosis. It is worth noting that
the increased and uncontrolled pro-inflammatory cytokines
secreted by innate immune cells strongly amplify the secre-
tion of chemoattractant factors such as interleukin-8 (IL-8),
and vascular endothelial growth factor (VEGF). Meanwhile,
E-cadherin secretion is markedly reduced. Such changes
contribute to vascular permeability and leakage which lead
to pulmonary dysfunction and multiple organ failure [31].
Therefore it is suggested that inhibiting cytokine produc-
tion may be a therapeutic approach for COVID-19. Recently,
some drugs act to inhibit cytokine production and achieve
good outcomes in COVID-19 patients [32].

Furthermore, the activation of macrophages, elevated
numbers of monocytes, dendritic cells, and neutrophils
were detected in COVID-19 patients [33, 34]. A bad prog-
nosis is associated with a high neutrophil to lymphocyte
ratio. Meanwhile, a significant decrease of natural killer
cells (NK) in severe COVID-19 was documented due to the
upregulation of NKG2A [35]. T lymphocytes regulate cell-
mediated immunity; while humoral immunity is regulated

by B lymphocytes. Following viral infection, its peptides
are loaded on epithelial cells or monocytes or dendritic
cells where they are recognized by cytotoxic T lymphocytes
(CD8) that kill them via apoptosis. Also, the secreted viral
proteins are recognized by CD4 T cells that produce inter-
leukin-2 (IL-2) and IL-6 which cause the proliferation of B
cells. Then, the B cells produce antibodies immunoglobulin
IgM, IgG, and IgA which neutralize the virus [36]. This
process of antibody secretion against COVID-19 takes about
19 days after symptoms appear [37]. It has been reported
that in mild cases of COVID-19, patients had normal or
higher CD4 and CDS cell counts [38]. While, in severe
cases, lymphocyte count was significantly decreased with a
drastic reduction of CD8 T cells count [39]. This could be
explained by the expression of NKG2A in CD8 T cells by
viral infection with concomitant functional exhaustion of
these cytotoxic lymphocytes and disease progression [40].
Notably, SARS-COV-1 and SARS-COV-2 are immunologi-
cally different [41]. Also, it is worth noting that the lymph
nodes and spleen in individuals who had COVID-19 were
atrophic indicating cell degeneration by the virus. Taken
together, there are two stages of immune responses during
the COVID-infections. (i) The first stage is represented by
the immune defense protective phase. (ii) The second one
is characterized by significant inflammation [42]. Accord-
ingly, some infected individuals are asymptomatic due to
their immune response in the first stage. While others may
have vagarious symptoms due to compromised immune sys-
tems and the ability of the virus to block the secretion of
IFN-1 (o and B) with concomitant uncontrolled viral pro-
liferation [33]. As a result, we conclude that people with
strong immunity (innate and adaptive) can easily overcome
the viral infection, whereas those with weakened immune
systems fail to do so. Figure 2 depicts the adaptive and
innate immune responses to the Covid-19 virus.

COVID-19 and iron interrelationship

Iron is an essential micronutrient that plays an important
role in various physiological processes. It is involved in
transporting and storing oxygen as part of hemoglobin. It is
also incorporated in erythrocyte formation, electron transfer,
thyroxin hormone production, fatty acid metabolism, pros-
taglandin synthesis, and cellular and humoral immunity.
After absorption and sharing of different metabolic path-
ways, excess iron is stored in hepatocytes and the cells of the
reticuloendothelial system [43]. There are two major forms
of iron sources; heme iron (ferrous, Fe II) that is present in
animals, and non-heme iron (ferric, Fe III) mainly found
in plants origin. The bioavailability of heme iron is about
30% while that non-heme iron is around <8%. Factors that
enhance iron bioavailability from the diet include vitamin
C, folic acid, histidine, L-cysteine, meat, copper, citric acid,
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and lactic acid. On the other hand, phytates, oxalates, tan-
nins, polyphenols, calcium, manganese, zinc, and phosphate
reduce iron absorption and thus its bioavailability [44].

Until now, it has been unclear whether the disturbances in
iron homeostasis are a reflection of physiological adaptation
to infection or whether dysregulation of iron metabolism
contributes to COVID-19 symptoms and outcomes [45].
Some patients with COVID-19 develop respiratory manifes-
tations with preserved lung volume indicating hypoxia due
to physiological disturbance other than alveolar dysfunction.
This may be attributed to a disruption in iron metabolism
[4]. In this context, evidence documented that COVID-19
patients exhibited decreased hemoglobin (Hb) levels that
indicate the presence of anemia [3]. Hb is one of the most
important determinants of carrying oxygen in the blood. The
decrease of Hb in patients, especially those with complica-
tions or chronic diseases suggests an inability of Hb to sup-
port the increased peripheral tissue needs for oxygen during
infection which worsens the situation.

Severe Acute Respiratory Syndrome coronavirus-2 inter-
acts with Hb molecules through CD 147, CD2b, and other
receptors present mainly on erythrocytes and other hemo-
globin cells resulting in Hb denaturation [46]. Consequently,
functioning Hb concentration decreases and free toxic heme
is released, resulting in tissue oxygen deprivation. Besides,
the progressively reduced Hb concentration may lead to
sideroblastic anemia with higher red cell distribution width
(RDW) indicating excessive production of immature RBC.
Some COVID-19 patients have increased levels of RDW
suggesting increased mortality risk [47].

Hepcidin is a key regulator of iron homeostasis. It binds
to ferroportin preventing iron release from cells. As a result,
there is a drop in circulating iron. Therefore, Hepcidin con-
trols the iron distribution and availability. There is a distant
similarity between SARS-COV-2 spike protein and hepci-
din that may enable the virus to bind to ferroportin recep-
tors with concomitant cellular iron overload [48]. Thus the
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virus may have a direct action on iron levels by mimick-
ing hepcidin. Another indirect mechanism is involved by
the strong inflammation resulting from viral infection. A
cytokine storm produced by SARS-COV-2 results from mas-
sive amounts of IL-6 expression which induces the produc-
tion of hepcidin [49]. Moreover, such inflammation causes
hyperferritinemia [50]. Ferritin is the most distinct cellular
iron storage protein and an increased level may be indica-
tive of severe inflammation, as well as its important impact
on iron metabolism [51]. Pathologically high ferritin levels
were found in critically ill COVID-19 patients [52]. It has
been documented that hepcidin dysregulation and hyper-
ferritinemia are markedly correlated to iron toxicity and
multiple organ failure in COVID-19 patients [53] where
increased intracellular iron induces iron-dependent peroxi-
dation. Consequently, it causes cellular apoptosis, which is
known as ferroptosis [54]. It is worth noting that iron dysme-
tabolism and ferroptosis have been linked to COVID-19-as-
sociated symptoms like cognitive impairment and anosmia
[54]. Notably, both hyperferritinemia and increased hepci-
din expression are still present in a relevant concentration
in COVID-19 patients two months after the disease onset
[55]. Strikingly, diabetes, obesity, and increased age elevate
hepcidin levels and over-expression CD147 receptors with
consequence rise of viral complications in those individu-
als [56]. Taken together, we can conclude that SAR-COV-2
may be an important detriment to iron dysmetabolism and
anemia aggravates COVID-19 symptoms and leads to poor
outcomes.

The general view about probiotics

Probiotics are live microorganisms (bacteria and yeasts)
that when administered in sufficient quantities, may provide
health benefits in addition to their basic role in nutrition [57].
These organisms are naturally present in food and water, also
they can be added during food processing such as in cheese,
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sausages, yogurt, and other fermented milk products [58].
The majority of probiotics are from the genera Lactobacillus
and Bifidobacterium. The potential roles of probiotics may
include prevention and assisting in treatments of various dis-
eases such as gastrointestinal infections, inflammatory bowel
disease, lactose intolerance, urogenital infections, cancers,
cystic fibrosis, dental caries, oral bad odors, and antibiotic
side effects [7, 59]. Probiotics can also be used as an adju-
vant with vaccines. An elevation of rotavirus-specific [gM
was observed when children had taken Lactobacillus GG as
an adjuvant to rotavirus vaccine [60].

Moreover, certain strains of lactic acid bacteria can mod-
ulate both natural and acquired immunity when adminis-
tered in an adjusted dose of at least 10° colony forming units
(CFU)/day since the immunomodulation of probiotics is
dose-dependent [61]. Lactobacillus as johnsonii LA1 or Bifi-
dobacterium lactis BB-12 enhance the phagocyte capacity of
peripheral blood leukocytes [62]. Also, probiotic administra-
tion could show a significant increase in the expression of
receptors involved in phagocytosis [61]. Increased activity
of natural killer cells (NK cells) and phagocytosis of leu-
kocytes of human volunteers consuming probiotic products
were documented [63]. Furthermore, the humoral immunity
to infections or immunization has been potentiated by lac-
tic acid bacteria intake. Lactobacillus GG administration
increases IgG, IgA, and IgM and elevates IgA secretion
against rotavirus more efficiently than Lactobacillus casei
[64]. It has been shown that probiotics may increase IL-10,
transforming growth factor-beta (TGF-P) and decrease
tumor necrosis factor-alpha (TNF-a) [65].

Probiotics modulation of iron homeostasis
in COVID-19

In addition to the traditional factors that significantly reduce
iron availability such as insufficient intake, pregnancy,
rapid growth, bleeding, menstruation, etc. [66], COVID-19
induces iron deficiency to the point where iron deficiency
anemia (IDA) may result [3]. The above-mentioned contrib-
uting mechanisms are involved in such induction. Therefore,
many approaches could be used to modulate iron bioavail-
ability with no or minimal adverse effects such as the use of
functional foods like omega 3 fatty acids [67] and probiotics
either alone or as adjunctive therapy with iron [68].
Multiple pieces of evidence have demonstrated that pro-
biotics can improve iron bioavailability. The administration
of probiotics in addition to dietary iron or as an adjuvant
with iron supplements is one of the most important strat-
egies for improving iron status and reducing the adverse
effects of the supplement. In an animal study, the multispe-
cies probiotic formula is given orally to rats in two dose
levels 2.5x 10° CFU/day and 1 x 10'° CFU/day. Both admin-
istrations induce enhancement of iron bioavailability in a

dose-independent manner [69]. Fermented milk was forti-
fied with iron and lactobacillus acidophilus and given to
anemic preschool children. Their RBCs and Hb levels were
significantly elevated as compared to anemic children who
drank iron-fortified milk without the probiotic [70]. Lacto-
bacillus fermentation appears to improve iron absorption
by producing lactic acid and other organic acids, which aid
in iron bioavailability [71]. In agreement with Silva et al.
[70], Sazawal et al. [72] gave children milk fortified with
Bifidobacterium lactis HNO19 (1.9 x 107 CFU/day) for one
year. They found that the probiotic-fortified milk reduced
the number of iron-deficient children when compared to
non-fortified milk. On the other hand, Lactobacillus reuteri
DSM and Lactobacillus casei CRL 431(5x 108 CFU/day)
fortified milk failed to increase iron status in anemic children
[73]. This result may be attributed to the differences in dose
level, duration of intake, and probiotic strains. However, a
probiotic formulation containing Lactobacillus Plantarum
299v, iron, and vitamin C [74] or 10'9 CFU freeze-dried
Lactobacillus Plantarum 299v capsules taken with break-
fast [71] to anemic women improved iron absorption and
iron bioavailability. After four weeks of administration of
Pediococcus acidilactici MTCCS5101 and Bacillus coagu-
lans MTCC492 to young anemic women hemoglobin values
improved [75]. Probiotics may improve iron bioavailabil-
ity through several mechanisms. Bacteria convert ellagic
acid (EA) to urolithin acid (UA) which is unable to bind
ferric ions (Fe**), and then it reduces Fe** to ferrous ions
(Fe? +) by p-hydroxyphenyl lactic acid which is excreted
by bacteria and thus increases iron absorption [76]. Moreo-
ver, probiotics can selectively inhibit intestinal pathogenic
microbiota and produce glutamine which helps to maintain
intestinal mucosa integrity with concomitant improvement
of iron absorption [77]. Furthermore, Patel et al. [78] docu-
mented that siderophore production by probiotics helps to
chelate and to solubiliz iron in the ferric form and making
it biologically available. Also, increased mucin production
by the intestinal surface promotes enterocyte iron uptake
[79]. Furthermore, probiotic immunomodulation has anti-
inflammatory effects [80], which suppress hepcidin, the
major inhibitor of iron absorption [71]. Vonderheid et al.
[6] and Rusu et al. [81] have also confirmed the relationship
between probiotics and increased iron bioavailability. As a
result, probiotics are being used as a part of the strategy to
ameliorate anemic conditions in our population, especially
in COVID-19 patients. Figure 3 shows the mechanisms by
which probiotics improve iron bioavailability.

Potential mechanisms of probiotic for combating
COVID-19

Probiotic administration can significantly boost individual
immunity allowing the COVID virus to be defeated [8,
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10, 82]. Especially for elderly and immune-compromised
patients, whose consortium of gut probiotics is low so they
suffer from severe symptoms and are more susceptible to
infection than normal subjects [83].

The respiratory tract is the primary site of SARS-COV-2
entry. The virus has a significant impact on the gastrointes-
tinal system as well. This may be attributed to the virus's
affinity for epithelial cells, in both systems that have the
receptor angiotensin-converting enzyme-2 (ACE-2) [20].
Such a co-infection in the gut causes an imbalance between
good and bad bacteria which is known as dysbiosis [84].
Strikingly, in SARS-COV-2 the intestinal microbiota exerts
a significant bacterial diversity. Where, there is a higher
number of pathogenic bacteria such as Streptococcus, Veil-
lonella, Rothia, etc., and a lower number of Eubacterium
ventriosum, and Lachnospiraceae. Indeed, there is an inverse
relationship between high levels of these bacteria and a poor
prognosis for COVID-19 [85]. Probiotics administration
contributes to repopulating the gut with beneficial bacteria
with concomitant reduction of pathogenic microbes’ prolif-
eration establishing a state of eubiosis instead of dysbiosis.
Both Lactobacillus and Bifidobacterium are the most com-
mon probiotics that be used to balance a diverse intestinal
ecosystem against COVID-19 [86]. Consequently, they can
help restore the healthy gut-lung axis and reduce pathogens'
translocation via the intestinal mucosa [87] thus prevent-
ing overlapping infections. It is worth noting that a well-
balanced gut community is critical for pulmonary immunity.
Evidence suggests that dysbiosis influences lung dysfunction
by altering the immune responses of neutrophils, inflam-
matory cytokines, different types of T- cells, and Toll-like
receptors [88]. Also, it has been documented that probiotics
exhibit anti-viral properties through alveolar macrophages,
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neutrophils, NK cells, and elevated levels of pro-inflamma-
tory cytokines such as TNF-«a and IL-6 at the beginning of
the infection (first phase) [89]. Some probiotic strains, such
as Lactobacillus paracasei [90] have ACE-2 receptors that
can compete with the host receptor and bind to the invading
virus preventing or inhibiting pathogen-host cell receptor
interaction [25]. Moreover, some probiotic strains can affect
gene expression which may enhance antiviral activity, such
as that in dendrites cells and enterocytes [91]. Lactobacillus
strains regulate the expression of tight junction proteins thus
collaborating to preserve the intestinal epithelial integrity
and overcome pathogen invasion [92].

Purines are required for the synthesis of viral RNA.
Therefore, reducing purine availability could slow virus rep-
lication and thus could control viral infection. Lactobacillus
gasseri can be used as adjuvant therapy to reduce purine
levels via metabolizing the purine nucleosides (inosine and
guanosine) [93].

Probiotics produce short-chain fatty acids (SCFA)
through fermentation that have an immunomodulatory
function through their influence on the extracellular
and intracellular molecules. They can bind to G-protein-
coupled receptors and thus regulates immune function.
Besides, they could initiate B-cell differentiation, anti-
body synthesis, as well as improve antibody-antigen
interaction. Ji et al. [94] demonstrated that high levels of
Corynebacterium and Lactobacillus species in the lung
increase SCFA production, which leads to increased inter-
feron  production in alveolar macrophages. In this con-
text, butyric acid secreted by probiotics was documented
to enhance the integrity of tight junctions and they also
act as fuel for colonocytes thus may reduce the SARS-
COV-2 invasion [95]. Furthermore, lactic acid is an
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essential microbiocidal compound so that enables the host
cells to prevent the virus from replicating. Interestingly,
probiotic strains also produce essential amino acids like
tryptophan, which attenuate TNF-a, induce activation of
NF-KB, reduce the pro-inflammatory cytokines, and for-
tify intestinal tight junctions [52]. Gamma-aminobutyric
acid (GABA) production by Lactobacillus Brevis exhib-
its immune regulatory effects and induces autophagy in
T-cells and NK cells. It also stimulates antigen-presenting
cells [70]. The secretion of IgA is enhanced by probiotic
administration [96]. IgA is important to mucosal barrier
function. It also binds to pathogens renders them inactive,
as well as optimizes DC action and overall immunologi-
cal responses.

Lactobacillus Plantarum DR7 enhances the level of
anti-inflammatory cytokines IL-4 and IL-10 and reduces
lipid peroxidation and oxidative stress in a human study
[97]. Consequently, they can modify the pro-inflamma-
tory and immune regulatory cytokines to act against virus
invasion and cytokines storms. Overall, probiotic admin-
istration can reduce inflammation, modulate immunity,

improve interferon concentrations, increase the activities
and number of NK cells, T cells, and antigen-presenting
cells, and increase the levels of mucosal and systemic
antibodies in the lung [98]. Figure 4 demonstrates the
potential mechanisms by which probiotics could combat
COVID-19.

Safety of probiotics

Probiotics are usually safe even in populations with co-
morbidities, such as those with chronic disease or immune-
compromised individuals taking into consideration to use of
the adjusted dose of high-quality probiotics [99]. When the
dose is not appropriate in such critical cases, bacteremia or
fungemia may be associated with probiotic administration.
There are no contraindications to probiotics.
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Conclusion

COVID-19 is a pandemic disease until now with still
increasing number of positive cases and deaths. Based on
the available data, we can conclude that disturbed iron
homeostasis and inflammation play a significant role in dis-
ease outcomes. A healthy hemoglobin system is required
for functional oxygen uptake and transport. It is postulated
that iron deficiency anemia, whether as a risk factor already
present in individuals or resulting from COVID-19, seems
to be associated with severe symptoms due to the reduc-
tion of oxygen supply to the tissue below the required level.
Also, the resulting inflammation from a viral infection can
be attributed to the activation of both innate and adaptive
immunity. Many strategies have been implemented to com-
bat this pandemic. SARS-COV-2 vaccines are widely avail-
able. However, the vaccination is not equally distributed
over all countries, and the vaccination rate is insufficient
to achieve herd immunity. Antiviral drugs are in advanced
development. Covid-19 may be overcome through social
measures such as improved health hygiene, medical masks,
and social isolation with medical support. Using functional
foods as adjunctive therapy with such approaches may be
beneficial. By reviewing the current literature, it was found
that probiotics can be a potential adjunct to ameliorate symp-
toms and improve the outcome of COVID-19. Probiotic
supplementation significantly increases iron bioavailability
and reduces inflammation. Many mechanisms could explain
such probiotics' effects, particularly their immunomodula-
tory effects, their variable antiviral metabolites, and the
correction of dysbiosis. Furthermore, some probiotic could
directly prevent the virus from entering into the host cells as
well as inhibit its replication. Therefore, a recommendation
to use various probiotics as a co-therapy with the involved
conventional approaches may be beneficial. At high quality
and appropriate dosage no side effects are known. However,
more pre-clinical studies and clinical trials are required to
confirm the ameliorative effects of probiotics on COVID-19
symptoms and outcomes.
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