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Abstract

Introduction.

SARS-CoV-2 is a virus that causes COVID-19 which is currently a pandemic
situation. The symptoms of COVID-19 can vary from asymptomatic to acute
respiratory distress syndrome. Some patients may also have gastrointestinal
manifestations such as diarrhea, vomiting, and abdominal pain. Recently, it is known
that some COVID-19 patients also showed microbial dysbiosis with decreased
Lactobacillus and Bifidobacterium. With the increasing number of reported cases
and gastrointestinal symptoms in COVID-19 patients, we are trying to summarize
the possibility of using probiotics as the current adjuvant therapy for gastrointestinal
disease due to SARS-CoV-2 infection.

Methods: We did a comprehensive literature search on PubMed, Science
Direct, Google Scholar and screened bibliographies of other articles. The search
yielded 2836 articles and 55 of them met eligibility criteria for this systematic
review.

Results and Discussion: Probiotics can affect the gastrointestinal through
some mechanism including: 1) competitive exclusion of pathogens and production
of antimicrobial substances 2) enzymatic activities and production of volatile fatty
acid 3) cell adhesion and mucin production 4) enhancement of epithelial barrier 5)
modulation of the immune system. In recent data, probiotics are used in some
COVID-19 patients with gastrointestinal disease. It is also considered to help
overcome cytokine storms by suppressing proinflammatory cytokines and enhance
the patient’s immunity by modulating the immune system.

Conclusion: Probiotics can be used as the current adjuvant therapy to
eliminate gastrointestinal disease in SARS-CoV-2 infection and prevent further
complications of COVID-19. However, further clinical research still needed to
determine the effectiveness of probiotics in COVID-19 patients.

Keywords: Probiotic, COVID-19, SARS-CoV-2, dysbiosis, gut-lung axis,

gastrointestinal.



Pe3ome

BBenenue.

SARS-CoV-2 — 310 BHpYC, SBUBLIMICS MPUUMHOW PAa3BUTHS MaHIEMUU
COVID-19. Brepaxxennocts cumntomoB COVID-19 moxer BapsupoBaTh OT
OECCHUMIITOMHOTO TEUEHHUS JI0 Pa3BUTUS OCTPOrO PECIUPATOPHOTO JIUCTPECC-
cCUHApOMa. Y HEKOTOPBHIX MAIlMEHTOB TAaKXKE€ MOTYT OTMEYAThCS >KETyIO0YHO-
KUILIEYHBIE TPOSIBIICHMU S, TAKHE KaK IMapesi, pBoTa v 601u B xkuBoTe. HemaBHo 06110
MOKa3aHo, 4YTO Yy HekoTopeix mnamueHToB ¢ COVID-19 Ttake nHabmromancs
MUKPOOHBIH  JUCOAaKTEpHO3 €O CHIDKeHHeM kommdecTBa Lactobacillus u
Bifidobacterium. C poctoM umclia 3aperuCTPUPOBAHHBIX CIy4aeB MPOSBICHUS
KETYTOYHO-KAMIEIHBIX CHMITOMOB Yy TlarineHToB ¢ COVID-19 namu Obuta caemnana
MomyTka 0O0O0OIIEHHsS BO3MOKHOCTH HCIOJB30BaHUS MPOOMOTUKOB B KayeCTBE
COBPEMCHHOW aJbIOBAHTHOM TEpamuu KEIYJOYHO-KUILIEYHBIX 3a00JIeBaHUN,
BbI3BaHHBIX HHpekmeir SARS-CoV-2.

Mertoapl: ObUT IPOBENIEH KOMIUIEKCHBIN MOUCK JIUTEPaTyphl B 0a3ax JaHHBIX
PubMed, Science Direct, Google Scholar mo ykazanHoI Teme, BKJIIOUas aHAJIH3
oubnuorpaduyecKkrx UCTOYHUKOB JIpYTuX cTaTeil. B pesynbrare, ooHapyxeHo 2836
cTare, 55 U3 HHUX COOTBETCTBOBAJIM KPUTEPUAM IPUEMIIEMOCTH BKIIOUCHUS B
HACTOSIIUNA CUCTEMAaTUYECKUN 0030p.

Pesynbratel u obcyxaeHue: [I[poOMOTUKM MOTYT BIMATH Ha KEIYAOYHO-
KHIIICYHBIA TPAKT YePe3 PsiT MEXaHU3MOB, BKJTIoUast: 1) KOHKYPEHTHOE UCKITIOUCHUE
MaTOreHOB M BBIPAOOTKY aHTUMHUKPOOHBIX BeEIIeCTB; 2) (GepMEHTATUBHYIO
AKTUBHOCTh M BBIPAOOTKY JIETy4YMX >KUPHBIX KHUCJIOT; 3) aAre3uto KJIETOK U
BBIPAaOOTKY MYLHMHA; 4) YCUJIEHHWE DSIUTEIUAIbHOrO Oapbepa; S5) MOAYISALUIO
UMMYHHOU crucTteMbl. COrjacHO MOCJIEIHUM AaHHBIM, TPOOMOTHKU MCTIOIB3YIOTCS
y HekoTopbIX manueHToB ¢ COVID-19 ¢ xkenyn04yHO-KUILIEUHBIMU TTPOSIBICHUSMMU.
Taxoke cuyuTaeTCs, YTO OHU TTOMOTAIOT KOMIIEHCUPOBATh 3P (HEKThl IUTOKHHOBOTO
ITOPMA, TOMABIISII MPOBOCTIAIUTEIBHBIC ITUTOKUHBI, W TOBBIIIAIOT WUMMYHUTET

MMaIueHTa.



3axmoueHue: [IpoOHOTHKH MOKHO MCIOJIB30BaTh B KAYECTBE COBPEMEHHOM
aJbIOBAaHTHOM TEepaIMH JJIsl KyTUPOBAHUS KETyT0YHO-KUIIICUYHBIX MPOSBICHUH MPH
uapexuu SARS-CoV-2 u npenorspamenus ganpHeHmmx ocinoxaeanii COVID-
19. Opgnako mis omnpeneneHus >PQGEKTUBHOCTH MPOOMOTUKOB Yy MAIMEHTOB C
COVID-19 neobxoaumo mpoBeaeHNEe JATBHEUIIINX KITMHUYSCKUX UCCIICTOBAHUN.

Kirouessbie cioBa: npoomotuk, COVID-19, SARS-CoV-2, nucbakrepnos,

OCh KMIIICYHUK-JICTKHC, }KCJIYILO‘IHO-KI/IHIC‘IHHﬁ



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

1 Introduction

Coronavirus Disease 2019 (COVID-19) which is currently pandemic situation in
2021. SARS-CoV-2 was first reported to have appeared in late December 2019 in Wuhan,
China under the name 2019 novel Coronavirus [1]. On February 11, 2020, the disease
SARS-CoV-2 was named COVID-19 by the World Health Organization (WHO). More
than 100,000 people worldwide have been infected and the death toll has reached more
than 4,000 cases causing COVID-19 to be declared a pandemic by WHO on March 11,
2020 [2, 3]. Based on June 14, 2020, COVID-19 has infected 7,690,708 people and caused
427,630 deaths worldwide. In Indonesia alone, COVID-19 has infected 37,420 people and
caused 2,091 deaths as of June 14, 2020 [4]. The latest data from WHO on March 9™ 2025
shows that COVID-19 has infected 778 million people and caused 7,1 million of deaths
worldwide.

Symptoms of COVID-19 can vary widely from asymptomatic to acute respiratory
distress syndrome but are most commonly associated with the respiratory system with
fever. The main clinical manifestations of COVID-19 are fever, fatigue, and dry cough.
Mild cases may show a low-grade fever, mild fatigue, and no signs of pneumonia. Patients
with severe symptoms may have difficulty breathing and/or hypoxemia that occurs after 1
week. Critically ill patients may develop acute respiratory distress syndrome, septic shock,
metabolic acidosis, coagulation dysfunction, and multiple organ dysfunction syndromes
[5].

In addition to respiratory symptoms, some patients also have gastrointestinal
manifestations such as diarrhea, vomiting, and abdominal pain [6]. Several studies have
identified SARS-CoV-2 RNA in anal/rectal swabs [7, 8] and fecal specimens [9, 10] from
COVID-19 patients, although The patient's upper respiratory tract was cleared of infection
with SARS-CoV-2 [7, 8]. Furthermore, the viral receptor Angiotensin-Converting Enzyme

2 (ACE 2), which is expressed in the lungs, was also found to be expressed on
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gastrointestinal epithelial cells. This is believed to allow SARS-CoV-2 to infect and
replicate in the gastrointestinal tract. This has important implications for disease
management, transmission, and control of infection SARS-CoV-2 [11, 6].

Several theories explain how SARS-CoV-2 causes gastrointestinal symptoms. First,
the interaction between SARS-CoV-2 and ACE 2 can cause diarrhea. Enterocytic cells that
express ACE 2 become cells infected with SARS-CoV-2 causing malabsorption,
Imbalanced intestinal secretions, and activation of the enteric nervous system which
ultimately causes diarrhea. Second, SARS-CoV-2 indirectly damages the digestive system
through a chain of inflammatory responses. Third, another possible cause of diarrhea in
COVID-19 patients is the side effect of the antibiotics [1].

Recently, it has been recognized that some COVID-19 patients also exhibit microbial
dysbiosis with reduced Lactobacillus and Bifidobacterium [13]. In this situation, probiotics
are a reasonable choice. Probiotics are defined as live microorganisms which, when
administered in adequate amounts, confer health benefits in humans [14]. On the other
hand, probiotics have been shown to provide treatment and prevention of viral infections
[15] due to their proven immunomodulatory activity and ability to increase interferon.
Production [16]. The relationship between respiratory distress and gut microbiota is
explained through the Gut-Lung axis theory [17].

To date, no specific antiviral drug or vaccine has been found for SARS-CoV-2. With
the increasing number of COVID-19 patients and reported gastrointestinal symptoms, and
only symptomatic COVID-19 treatment [18, 19], the researchers attempted to summarize
the current possibilities of using probiotics as adjuvant therapy for gastrointestinal diseases
caused by SARS-CoV-2.

METHODS
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We compiled this literature review using the PRISMA (Preferred Reporting Items
for Systematic Review and Meta-analysis) guidelines and was written using the last 10
years of journals (2011 - 2021) collected using literature searches on PubMed, Google
Scholar, and Science Direct.

The literature search was conducted using the keywords “probiotic”, “SARS-CoV-
27, “COVID-19”, “gut-lung axis”, “gastrointestinal”, and “dysbiosis” using Boolean logic.
In addition, articles obtained from other related research references were also added. We
conducted a systematic review of research articles discussing the use of probiotics in
gastrointestinal disease of COVID-19 patients worldwide.

After checking for duplication of articles, we filtered titles and abstracts. The
research design included in the inclusion criteria included systematic review, narrative
review, case report, cross-sectional, cohort, and experimental. After that, we read the full
text of the articles that we collected and selected articles that match the aspects needed for
this research. Articles published other than in English and not discussing the effects
of probiotics on the gastrointestinal tract, COVID-19, and the gastrointestinal tract,
and probiotics on COVID-19 will be excluded. Then we do the data extraction

independently.

RESULTS AND DISCUSSION

Based on search results in journal databases and added references, 2836 articles were
obtained. Then duplication checks and screening of titles and abstracts were carried out so
that 134 articles were obtained to be read in full text and to check eligibility. 79 articles did
not meet the eligibility criteria, so we included a total of 55 articles in the systematic review
(Figure 1). There were 3 systematic review studies, 34 narrative review studies, 4 case

report studies, 3 case series studies, 5 cross-sectional studies, 2 cohort studies, and 4
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experimental studies. Most of the research was conducted in China and America. The data
obtained were then analyzed comprehensively.

Mechanism of probiotic in Gastrointestinal

The gut microbiota consists of gut microbes which in healthy people are
dominated by 4 phyla namely Actinobacteria, Firmicutes, Proteobacteria, Bacteroidetes
[20] and play an important role in host health through protective, trophic, metabolic, and
immunological actions. When gut microbes receive nutrients from the host, gut microbes
also retaliate by regulating various physiological functions of the host such as digestion of
food, providing protective immunity against pathogens, controlling the proliferation and
differentiation of epithelial cells, and modifying insulin resistance, and influencing their
secretion [21, 22].

The host will secrete specific factors such as microRNA and nonspecific factors such
as antimicrobial peptides, mucus, and immunoglobulin A (IgA) that promote the growth of
certain types of bacteria and inhibit the growth of other bacteria to get a beneficial gut
microbiota [22]. However, the gut microbiota can undergo significant changes. called
change. as “gut dysbiosis” which can occur due to several factors such as genetics, diet,
age, and antibiotics [22].

Intestinal dysbiosis is associated with several diseases such as Inflammatory Bowel
Disease (IBD), Diabetes Mellitus, allergies, autoimmune diseases, cardiovascular diseases,
and diarrhea [21, 23]. Therefore, modulation of the composition and diversity of gut
microorganisms is considered a promising therapy for this disease. this. There are many
ways to modulate gut microorganisms, one of which is by administering probiotics
[22]. Probiotics are believed to be the latest strategy thatcan be applied to restore
microbial diversity and changes in gut microbiota both temporarily and permanently [23].

Probiotics given to the host have several mechanisms, including:

1) Competitive exclusion of pathogens and production of antimicrobial substances
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Competitive exclusion is a situation in which one bacterial species competes for
receptors in the intestinal tract more vigorously than another species. The exceptions are
the result of different mechanisms of probiotics to inhibit pathogen adhesion, including the
production of antimicrobial substances and stimulation of intestinal epithelial cells (IEC).
Mechanisms thought to explain the competitive exclusion of pathogens include a decrease
in luminal pH, competition for nutrients, and the production
of bacteriocins and bacteriocin-like  substances in some pathogens such as
Salmonella typhi and E. coli [24, 25].

Several probiotic metabolites have shown roles in modulating the diversity of signals
and metabolic pathways in cells. Several components of probiotic metabolites such as
organic acids, bacteriocins, hydrogen peroxide, amines, etc. have been reported to interact
with several targets in metabolic pathways that regulate cell proliferation, cell
differentiation, apoptosis, inflammation, angiogenesis, and metastasis [24].

Some Lactobacillus and Bifidobacterium can produce antimicrobial peptides
(bacteriocins) that preventthe proliferation of certain pathogens. Bacteriocins are
small cationic molecules consisting of 30-60 amino acids. These molecules act on the
bacterial cytoplasmic membrane and the target membrane vesicles are energized to disrupt
the proton-motive force (PMF). Some examples such as probiotics L.plantarum and
L.acidophilus have been shown to stop the growth of Helicobacter, C. difficle, rotavirus,
Shigella spp. resistant to drugs, and E. coli in some gastrointestinal conditions and has
activity against several uropathogens [24].

2) Enzymatic activity and production of Volatile Fatty Acid (VFA)

The activity of probiotic enzymes in the intestinal lumen influences the biological
effects of the probiotics themselves. The activity of the B-glucuronide enzyme from
bacteria in the intestine will hydrolyze the absorbed metabolites glucuronidation to a toxic

form that causes intestinal damage. However, the administration
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of Bifidobacterium longum in the diet can make changes in the gut microbiota
and reduce the activity of the B-glucuronidase enzyme which is associated with the
inhibition of the formation of aberrant formations and is a pre-neoplastic marker in colon
cancer [24].

Furthermore, in a  study, itwas  stated that the administration
of probiotics, prebiotics, or both (synbiotics) for the therapy of Non-Alcoholic Fatty Liver
Disease (NAFLD) in adult patients showed a decrease in liver aminotransferase enzyme
activity [24]. Meanwhile, probiotic administration would decrease liver enzyme activity. .
also affects VFA, as seen from the study with L. gasseri CECT5714 and
L. coryniformis CECT5711 showed a higher increase in fecal butyrate, propionic acid, and
acetic acid after 2 weeks of giving these probiotics. Another study stated that short-term
administration of synbiotics consisting of the probiotic B. longum and the prebiotic inulin
showed an increase in the production of acetate, succinate, butyrate, and isobutyrate.
Therefore, short-term administration of synbiotics is considered effective in increasing the
metabolic activity of the colonic microbiota in the elderly [24].

In elderly patients on total enteral nutrition, osmotic diarrhea and antibiotic-
associated diarrhea are common which is a significant problem for these patients due to
changes in gut microbiota and Short Chain Fatty Acid (SCFA) composition. A study
showed that the administration of probiotic S. boulardii could reduce the incidence of
diarrhea in patients receiving total enteral nutrition. SCFA and other probiotic metabolites
are also believed to play a role in immune system regulation [24].

SCFAs are important energy sources for enterocytes and are key signaling molecules
for the maintenance of gut health. In addition, SCFAs can enter the systemic circulation
and interact with cell receptors in peripheral tissues. SCFAs have an important role in the
regulation of homeostasis and energy metabolism. A wealth of evidence, mainly from

animal and in vitro studies, has suggested a role for SCFAs in the prevention and treatment
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of obesity and obesity-related disorders in glucose metabolism and insulin resistance [24,
26].

SCFA can interact with the SCFA G protein-coupled receptor (GPR) 41 and GPR43,
resulting in increased secretion of polypeptide Y'Y and glucagon-like peptide 1 in the gut,
which in turn can increase satiety [26, 27]. Furthermore, SCFA can reach tissues. adipose
tissue and contributes to reduced fat accumulation by interacting with GPR43, which
results in decreased lipolysis & inflammation, and increased adipogenesis & leptin release
[24].

Acetate, propionate, and butyrate may also promote peroxisome proliferator-
mediated adipogenesis (PPAR), which may be regulated by a GPR43-associated
mechanism. In addition, it has been suggested that acetate, propionate, and butyrate can
reduce the secretion of proinflammatory cytokines and chemokines, possibly by reducing
local macrophage infiltration. Furthermore, SCFAs appear to activate AMP kinase in
muscle, increase insulin sensitivity and fatty acid oxidation and reduce lipid accumulation
[24,26].

3) Cell adhesion and mucin production

Microbes designated as probiotics must attach to the intestinal mucosa to be able to
colonize and interact with their host. This interaction is required for the modulation of
resistance to pathogens and their role in the immune system [24, 28, 29].

Intestinal epithelial cells secrete mucin to prevent the adhesion of pathogenic
bacteria. Lactic acid bacteria exhibit several surface determinants involved in interactions
with intestinal epithelial cells and mucus. Lactobacillus protein can induce mucosal
adhesion mediated by surface adhesives. In addition, the MUB protein (Mucus-Binding
Protein) in Lactobacillus reuteri plays an important mucosal adhesion. These proteins play
a role in facilitating intestinal colonization through degradation of the cell's extracellular

matrix or by facilitating close contact with the epithelium [25].
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Probiotics such as L. Plantarum have been reported to induce MUC2 and MUC3
mucins and inhibit the adhesion of intestinal pathogenic bacteria such as E. coli. This
indicates that the mucosal layer and glycocalyx are increased in the intestinal epithelium,
as well as the adhesion of Lactobacillus spp. at microbial binding sites indicating protection
against pathogen invasion in the gut. In addition, probiotics have also been reported to
increase mucin synthesis on the cell surface and modulate mucin gene expression [25].

4) Increased epithelial barrier

The intestinal barrier is a defense mechanism used to maintain epithelial integrity
and protect organisms from the environment. The intestinal barrier consists of a mucus
layer, antimicrobial peptides, secretory IgA, and an epithelial junctional adhesion complex.
When there is damage to the intestinal barrier, bacterial and food antigens can enter the
submucosa and induce an inflammatory response, which in turn leads to intestinal disorders
such as IBD [25].

The mechanism of probiotics in enhancing the epithelial barrier is explained through
increased expression of genes involved in tight junction signaling. For example,
Lactobacillus bacteria can modulate the regulation of several genes encoding attachment
junction proteins such as E-cadherin and B-catenin in the T84 cell barrier model.
Furthermore, Lactobacillus bacteria can also affect the phosphorylation of attachment
junction proteins and affect the amount of protein kinase C (PKC) isoforms [25].

Recent data suggest that probiotics can initiate repair of gut barrier function after the
damage has occurred. Escherichia coli Nissle 1917 (EcN1917) not only prevents the
breakdown of the intestinal mucosal barrier by enteropathogenic E. coli. but also capable
of restoring mucosal integrity in T84 and Caco-2 cells through increased expression and
redistribution of the tight junction protein of zonular occlusion (ZO-2) and PKC which
ultimately reconstructs the tight junction complex. Likewise for Lactobacillus casei DN-

114001 and VSL3 (a combination of prebiotics and probiotics). In addition, probiotics can
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also prevent epithelial damage caused by proinflammatory cytokines so that they can
strengthen the mucosal barrier [25].

5) Immune system modulation

The gut microbiota can modulate the immune system through the production of
molecules that have immunomodulatory and anti-inflammatory functions. One of the main
mechanisms of probiotics is the regulation of the host immune response. The immune
system can be divided into innate and adaptive immune systems. The adaptive immune
response depends on B and T lymphocytes binding to antigens. Meanwhile, the innate
immune response will work by recognizing pathogen-associated molecular patterns
(PAMPs) that are shared by the majority of pathogens [24].

The primary response to pathogens is generated by pattern recognition receptors
(PRRs), which bind to PAMPs. One part of PRR is Toll Like Receptors (TLRs). TLRs are
transmembrane proteins that are expressed on several immune and non-immune cells, such
as B cells, natural killer cells (NK cells), dendritic cells (DC), macrophages, fibroblast
cells, epithelial cells, and endothelial cells. It is known that probiotics interact the most
with host IEC cells and can fight dendritic cells, while dendritic cells and IEC can interact
and respond to microorganisms through PRR [24, 25].

In addition, in the regulation of immune balance, T cells are partially regulated by
host and microbial interactions. The imbalance between helper T cells (Th) and regulatory
T cells (Treg) will cause an impaired immune response. Probiotics help maintain intestinal
homeostasis by modulating immune responses and promoting the development of Treg
cells [25, 30].

Modulation of secretory IgA (slgA) and cytokine production

sIgA is produced by intestinal B cells and is expressed on the basolateral surface of
the intestinal epithelium as an antibody transporter. In several studies, it was reported that

probiotics showed the ability to potentially stimulate the production of sIgA so that it can
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Improve barrier function. Probiotics also interact with gut cells and specific immune cells
resulting in the production of certain cytokines [24, 31].

Several species of Lactobacilli and Bifidobacterium are classified as probiotics that
have anti-inflammatory properties by increasing IL-10 and Th-1 cytokines. The
combination of probiotics was reported to be able to induce T cell and B cell
hyporesponsiveness and reduce Thl, Th2, and Th17 cytokines without inducing apoptosis.
Probiotics also induce the production of CD4+FoxP3+ Tregs from the CD4*CD25*
population and increase the suppressor activity of CD4*CD25" Tregs [24].

Interaction of probiotics with TLR signaling pathways and cell cascade

TLR is part of PRR which can recognize microbial components widely. Dimerization
of the TLR and Toll-Interleukin-1 (IL-1) Receptor (TIR) results in the recruitment of
adaptive molecules such as the myeloid differentiation primary response protein (MyD88),
the adapter protein containing the TIR domain, and the TIR domain-containing the
adapter-inducing interferon- f (TIR). TRIF) to initiate signal activation. MyD88
recruitment activates the Mitogen-Activated Protein Kinase (MAPK) and nuclear factor
(NF)-xB signaling pathways [24, 25].

Probiotics and commensal microorganisms in the gut can create a TLR-mediated
state of tolerance in DCs. TLR9 signaling is an important part of the pathway to elicit anti-
inflammatory effects on epithelial cell surfaces by probiotics. Then DC initiates responses
such as ThO differentiation into Tregs which have inhibitory effects on Thl, Th2, and Th17
inflammatory responses [25].

Thus, probiotics are believed to have the ability to suppress inflammation through
decreased expression of TLRs, the secretion of metabolites that can prevent TNF- a from
entering mononuclear blood cells, and inhibit NF«B signaling pathways into enterocytes.
shift the balance from Th1/ Th2. The mechanism that occurs is an increase in Thl response

and a decrease in Th2 cytokine secretion which includes a decrease in IL-4, IL-5, and IL-
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13. Likewise with a decrease in IgE concentration and an increase in the production of C-
reactive protein and IgA [25, 32].

COVID-19 dan Gut — Lung Axis

COVID-19 is an illness caused by severe acute respiratory syndrome-2 (SARS-
CoV-2) [33]. Symptoms of COVID-19 vary from asymptomatic, mild, or with flu-like
symptoms such as fever, dry cough, runny nose, and fatigue. Additional symptoms may
also include shaking, sore throat, anosmia, headache, joint pain, nausea, and diarrhea.
Respiratory failure due to pneumonia can lead to acute respiratory distress syndrome
(ARDS), multiorgan failure, and even death [34].

Angiotensin-converting enzyme 2 (ACE2) was identified as a functional SARS-CoV
receptor that is widely expressed in the lung, heart, ileum, kidney, gastrointestinal
epithelium, and bladder [11, 6]. SARS-CoV-2 binds to DC cells and macrophages via the
ACE-2 receptor, a non-integrin dendritic-3-grabbing cell-specific intercellular adhesion
molecule (DC-SIGN) and DC-SIGN-associated protein (DC-SIGNR, L. -SIGN) [33]. DC
cells and macrophages as antigen-presenting cells (APCs) go to the lymph nodes to present
the virus to T cells. T cells serve as a medium for the immune response to the coronavirus
[35]. CD4" T cells activate B cells to produce specific antibodies virus, whereas CD8" T
cells will kill virus-infected cells [33].

COVID-19 patients with severe symptoms show a condition of lymphopenia,
especially a decrease in T cells in the periphery [36, 37]. In addition, an increase in
proinflammatory cytokines such as IL-6, IL-10, granulocyte-colony stimulate factor (G-
CSF), monocyte chemoattractant protein 1 (MCP-1), macrophage inflammatory protein
(MIP)1a, and TNF-a. Studies have also shown that viruses that infect lung epithelial cells
activate the production of IL-8 in addition to IL-6. IL-8 is known as a chemoattractant

against neutrophils and T cells. Neutrophils play a role in innate immunity against viruses.
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However, like a double-edged sword, neutrophil levels that are too high can cause lung
damage. Meanwhile, T cells play a role in the adaptive immune response [33].

Cytokines have an important role in the immunopathology of viral infections.
Cytokine storms are a major cause of ARDS and multiorgan failure [38]. Dysregulation
and an exaggerated immune response can cause more death than viral titers. In BALB/c
mice infected with SARS-CoV, rapid viral replication can lead to the production of /8 IFN
followed by accumulation of pathogenic inflammatory mononuclear macrophages.
Mononuclear macrophages will cause an increase in proinflammatory cytokines (TN-Fa,
IL-6, IL1-B, nitric oxide synthase) [39]. Moreover, high response to proinflammatory
cytokines induces apoptosis in lung epithelial and endothelial cells. This apoptosis will
cause damage to the microvascular and alveolar epithelium which can cause vascular
leakage and alveolar edema resulting in body hypoxia to ARDS [33, 40].

The gut and lungs have the potential to communicate through complex pathways
involving the microbiota of both organs. This communication occurs through the gut-lung
axis (GLA) mechanism (Figure 2). Just like in the intestines, the dominant bacteria in the
lungs are Firmicutes and Bacteroidetes [41].

Cell wall fragments, protein moieties, and bacterial metabolites (eg SCFA) can
migrate across the intestinal barrier to reach the systemic circulation and trigger an immune
response in the lungs via the mesenteric lymphatic system [41, 42]. Antigens that enter the
gastrointestinal tract are captured by Peyer's patches. Antigen will be carried by DC and
macrophages to the mesenteric lymph nodes. These antigens cause the activation of T cells
and B cells which will be converted into plasma cells. The sensitized T and B cells are
distributed to effector sites including gut-associated lymphoid tissue (GALT), respiratory
tract, and mammary glands. Secretory IgA will be produced to prevent pathogens from

attacking the mucosa [41, 43].
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Another important mechanism that occurs is through gut segmented fillingamentous
bacteria (SFBs), colonization of commensal bacteria in the ileum that is involved in
modulating the development of the immune system. SFBs regulate the polarization of CD4*
T cells into the Th1l7 pathway that is important in the response to fungal pulmonary
infections and pulmonary autoimmune manifestations [41, 44, 45]. Innate lymphoid cells
involved in tissue repair appear to be transported from the gut to the lungs in response to
the IL-25 inflammatory signal. In addition, an increased lung response to influenza in mice
Is associated with increased intestinal TLR activation required for the NF-B-dependent
pathway of innate immunity and inflammation [41].

The gut microbiota influences the gut and lung immune systems through local and
long-distance interactions, involving CD8+, Th17, IL-25, IL-13, prostaglandin E2, and NF-
kB-dependent T cells. The lung microbiota influences mucosal immunity and plays a role
in immune tolerance through recruitment of neutrophils, TLR2-mediated production of
proinflammatory cytokines, and Th17-stimulated release of antimicrobial peptides such as
[-defensin 2 [41].

Studies in mice with confirmed sepsis and ARDS have shown an increase in gut
bacteria especially Bacteroides in the lungs [46]. The role of Th17 cells from the gut is
important in mucosal protection through recruitment of neutrophils and secretion of
antibacterial factors from the bronchial epithelium. Intestinal immunization in mice with
inactivated non-typeable Haemophilus influenzae (NTHI) has also been shown to increase
Th17 cells in the mesenteric lymph nodes and respiratory tract [43].

Probiotics Relationship with COVID-19

Gastrointestinal infection SARS-CoV-2 has attracted attention since SARS-CoV-2
RNA was first detected in the feces of patients in the United States.1 Gastrointestinal

involvement has been shown to occur in coronavirus infections in humans and animals.;
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Previous studies have shown that 10.6 % of SARS patients and nearly 30% of MERS
patients have diarrhea [47].

Reports related to the current pandemic also mention that it is not uncommon for
gastrointestinal symptoms to occur in COVID-19 patients [48]. One study stated that there
were complaints of nausea/vomiting (5.6%) and diarrhea (3.8%) in COVID-19 patients
[49]. Another study with 204 samples of COVID-19 patients in Hubei, China stated that 99
patients (48.5%) complained of digestive symptoms as the main complaint, including 7
cases without respiratory symptoms [1]. COVID-19 patient without digestive symptoms
was easier to detect. healing and release. from hospital compared to COVID-19 patients
with digestive symptoms (60% vs. 34.3%). This can happen because viral replication in the
digestive tract makes the disease more severe [48].

Several theories explain how SARS-CoV-2 causes gastrointestinal symptoms. First,
the interaction between SARS-CoV-2 and ACE 2 can cause diarrhea. Recent
bioinformatics analysis revealed that ACE 2 is not only highly expressed in alveolar type
I1 (AT2) cells in the lung, but also gastric gland cells and duodenal intestinal epithelial cells
[50, 51]. ACE 2 is highly expressed in the proximal and distal to enterocytes, so that they
are directly exposed to food and pathogens. Enterocyte cells that express ACE 2 become
cells infected with SARS-CoV-2, causing malabsorption, imbalanced intestinal secretions,
and activating the enteric nervous system which eventually causes diarrhea [1]. Second,
SARS-CoV-2 indirectly damages the digestive system. through the inflammatory response
chain. Third, another possible cause of diarrhea in COVID-19 patients is the side effect of
the antibiotics used [1, 12].

COVID-19 patients have also been reported to have significantly impaired fecal
microbiota characterized by an increase in opportunistic pathogens and a decrease in
positive comments on admission or during hospitalization. The number of opportunistic

pathogens that cause bacteremia such as Clostridium Hathaway, Actinomyces viscosus, and
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Bacteroides nordii increased in Covid-19 patients receiving antibiotic therapy. In addition,
an upper respiratory tract pathogen, Actinomyces viscosus, was identified in the intestines
of Covid-19 patients. This indicates the presence of extra-intestinal microbial transmission
[52].

Clinical evidence says some probiotics can help prevent bacterial and viral infections
including gastroenteritis, sepsis, and respiratory infections. Viruses are the causative agents
in more than 90% of respiratory tract diseases. The administration of probiotics has been
shown to provide significant benefits in patients with respiratory tract infections [53].

In COVID-19, probiotics are thought to help overcome the cytokine storm by
suppressing proinflammatory cytokines and boosting the patient's immune system by
modulating the immune system. However, clinical research on probiotics in COVID-19 is
lacking. A case report of a 9-year-old boy infected with SARS-CoV-2 who came to the
hospital complaining of diarrhea for 2 days, showed that the patient's symptoms
disappeared after 2 days of oral probiotics. significantly in COVID-19 patients with severe
symptoms compared to COVID-19 patients with mild symptoms [55]. Reports in America
with the administration of various probiotics (Lactobacillus, Acidophilus, Bifidobacterium,
and Saccharomyces boulardii) and case reports with 62 COVID-19 patients in Zhejiang,
China also showed good results.

So far, these reports have shown good results with the administration of probiotics
as adjuvants in COVID-19 patients. In previous studies, probiotics were also said to reduce
the incidence of diarrhea caused by antibiotics, pneumonia caused by ventilators, and
prevent Acute Respiratory Distress Syndrome (ARDS) and respiratory tract infections [56,
57, 58]. Probiotics are believed to be used as the latest adjuvant therapy in COVID-19
patients and as preventive therapy for COVID-19 complications [58]. (Figure 3)

CONCLUSION
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Probiotics have many benefits by using various mechanisms that can ultimately
restore microbial diversity and improve changes in gut microbiota. A balanced gut
microbiota will prevent pathogens from entering and boost the human immune system. In
COVID-19, patients may experience gastrointestinal symptoms and it has been reported
that SARS-CoV-2 can replicate in the intestine and remain in the patient's stool longer than
in the oropharynx. Research has also shown that there are changes in the gut microbiota in
some COVID-19 patients.

Changes in the gut and lung microbiota to the cytokines involved in this can be
explained through the gut-lung theory. It is also mentioned that COVID-19 patients who
experience gastrointestinal symptoms are more difficult to recover than COVID-19 patients
without gastrointestinal symptoms. Recent case reports regarding the use of probiotics in
COVID-19 patients are starting to show a glimmer of hope, where additional therapies such
as probiotics are expected to be a differentiator in treating COVID-19 patients with
gastrointestinal symptoms. Probiotics are said to overcome the cytokine storm by
suppressing proinflammatory cytokines and boosting the patient's immune system by
modulating the immune system.

Thus, through this study, we conclude that probiotics can be used as a new adjuvant
therapy to relieve gastrointestinal disease in COVID-19 patients and prevent further
complications of COVID-19. However, further clinical research is needed to determine the

effectiveness of using probiotics in COVID-19 patients.



PROBIOTICS AS CURRENT ADJUVANT THERAPY FOR SARS COV-2 INFECTION IN GASTROINTESTINAL
DISEASE 10.15789/2220-7619-TUO-17876

PUCYHKU
Figure 1. PRISMA Flow Chart.

Russian Journal of Infection and Immunity ISSN 2220-7619 (Print)
ISSN 2313-7398 (Online)



Identification

(oo ) (s ()

Articles identified through journal databases (n=2815)
PubMed (n=399), Science Direct (n=1346),

Additional sources through other

research references (n=21)

Google Scholar (n=1070)

v

There are duplicate articles (n=511)

A 4

Title and abstract /

Articles with incorrect title and

abstract (n=2170)

screening (n=2304)

\ 4
Read full-text articles
and check eligibility (n=134)

Articles included in the systematic review
(n=55)

systematic review (n=3) , narrative review

Articles after full-text review do not
meet the eligibility criteria (n=79)
because:

Not English (n=5)
Does not discuss any of the
following aspects: (n=74)

Gastrointestinal effects of
probiotics

COVID-19 and gastrointestinal
Effects of probiotics on COVID-
19

(n=34), case report (n=4), case series
(n=3), cross sectional (n=5), cohort (n=2),
eksperimental (n=4)




Figure 2. Gut-Lung Axis. Th2, T helper 2; Thl7, T helper 17; CD8+, cluster

Lung Immune System
(Th2-response pathway,
Resident memory B cells)

N ™ L —”,

A

Bacteriobiota ~ ¢  Mycobiota

//?;,‘ /\, \ / N
'*:\ Virobiota*

[
i
I
!
I
I
Lung Microbiota :
|
!
I
|
I
!

r-_------

4
e | v e —— . —— — — G w— S— S— — — — — w— — — — — — — — — e w—
CDS+ T cell LR,
NF-xB-dependent pathway
.25
1 Microbial %I;
T sy~ inter-compartment ProstamlandinED
SCEA crosstalk ki =
Thl7
pathway
l' |
~N=N\ . Virobiota* I
I 4\ /,\‘I\\/ I
[ N YA oq\
V) @ L |
I $ ‘ ] \\)‘/ ) I
: TTSEB W = (TN B I
| Bacteriobiota Mycobiota |
| A C |
|
! : @ |
| - asd |
| Gut Immune system I
| 0 '
G |
O S| ISR St SO = S (S . o O ) P el S SR T, S e i s 1
Diet Host-microbiota interaction

Prlz;‘og!sics ‘ \lnter kingdom crosstalk
differentiation 8*; SCFA, short cham fatty acid; NF-«xB, nuclear factor kappa B;
IL- 25, Interlekuin-25; IL-13, Interleukin-13; SFB, segmented fillamentous

bacteria.*



Figure 3. The Mechanism of Probiotics in SARS-CoV-2 Infection.
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