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Abstract

COVID-19, a newly discovered virus disease, can be affected by probiotics. So, we tried to review the possible effects and
associations of probiotics on viral infections focusing on SARS-CoV-2. We searched on PubMed, EMBASE, Google Scholar,
Science Direct, Scopus and Web of Science up to May 2020 to identify interventional & observational studies documenting
the effects of probiotics strains on interleukins, virus titres, and antibody production with a focus on confirmed diagnosis of
SARS-CoV-2 infection. From a total of 93 records, 21 studies were obtained and classified into three domains based on the
efficacy of probiotics on 1)the level of interleukins (n=7), 2)virus titres reduction (n=2), and 3)antibody production (n=12).
The suppuration of proinflammatory interleukins and type I interferon (IFN) production seemed to be the main anti-viral
strategy of probiotics. Based on evidence, some probiotic strains may be useful in SARS-CoV-2 infection; randomized trials are
needed to confirm these findings.

1. Introduction:

Severe Acute Respiratory Coronavirus 2 (SARS-CoV-2), a newly identified coronavirus with size of 60–140
nm similar to SARS-CoV (approximately 80% similar), caused the most severe pandemic disorder of 21st
century called COVID-19 (Lipsitch, Swerdlow, & Finelli, 2020; Malik et al., 2020). SARS-CoV-2 attaches to
Angiotensin Converting Enzyme 2 (ACE2) receptor with 10–20 folds higher affinity than SARS-CoV (X. Xu
et al., 2020). Today, massive antibiotic therapy is considered for some COVID-19 patients that result in more
susceptibility to subsequent infections (Mak, Chan, & Ng, 2020); one of the most irritant complications is
antibiotic-associated diarrhea (Wei et al., 2020). In this situation, probiotics may be a reasonable choice; they
were defined as “Live microorganisms which when administered in adequate amounts confer a health benefit
to the host” (Bahreini-Esfahani & Moravejolahkami, 2020). on the other hand, Probiotics have shown useful
effects on treatment and prevention of viral infections (Mousa, 2017) due to the proven immunomodulatory
activity and ability to stimulate interferon production; gut–lung axis explains the possible relations between
respiratory disorders and gut microbiome (Marsland, Trompette, & Gollwitzer, 2015).

Recently, some COVID-19 patients showed microbial dysbiosis with decreased Lactobacillus and Bifidobac-
terium (K. Xu et al., 2020). Several different probiotics, including Lactobacillus acidophilus, Bifidobacterium
and Saccharomyces boulardii , along with minerals & vitamins were given to a COVID-19 case; this type of
nutritional support lowered the complication of massive antibiotic therapy (Horowitz, Freeman, & Bruzzese,
2020). As well, COVID-19-like symptoms disappeared after two days administration of oral probiotic in
a 9 years-old boy (Ji et al., 2020). Results of a case series consist of 62 SARS-CoV2 infected patients in
Zhejiang province were interesting; probiotics were administered as adjunct (X.-W. Xu et al., 2020). Other
reports showed significant effect of probiotics; Compared to patients with non-severe disease, patients with
severe disease had significantly more frequency to receive probiotics tablets (87.5% vs 40.4%, p=0.037) (Xi-
ufeng Jiang et al., 2020). Results from another research suggested concurrent use of probiotics in COVID-19
patients to decrease the risk for Candida albicans (caused by prophylaxis with azithromycin) (Block, 2020).
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Up to April 2020, two clinical trials have been registered regarding the probiotics supplementation in COVID-
19 patients (Lythgoe & Middleton, 2020), however, more information is needed for designing research pro-
tocols. We tried to summarize the possible relationships between probiotics and viral infections especially
SARS-CoV-2-related literature in this systematic review.

2. Methods:

2.1. Protocol registration

The protocol of this systematic review has been registered on PROSPERO website
(www.crd.york.ac.uk/PROSPERO) (Registration ID. CRD42020181453) developed based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement guidelines
(Liberati et al., 2009).

2.2. Search strategy

A comprehensive search of the literature was conducted in the following databases up to May 1, 2020:
PubMed, EMBASE, Google Scholar, Science Direct, Scopus, and Web of Science. All citations were imported
into a bibliographic database (EndNote X8.1; Thomson Reuters) and duplicates were removed. This search
process was handled independently by one author (AR.M).

The used search string - based on suitable MESH and non-MESH keywords - were: ((“COVID-19” OR
“SARS-CoV-2” OR “Severe Acute Respiratory Coronavirus 2” OR “coronavirus” OR “virus disease” OR “viral
infection” OR “virus”) AND (“virus titres” OR “titres” OR “interleukin” OR “IL-6” OR “IL-17” OR “antibody”
OR “IgG” OR “IgA” OR “interferon” OR “INF”) AND (“Synbiotics” OR “Probiotics” OR “Prebiotics”)).
Moreover, bibliographies of all published reviews and studies were assessed for additional relevant papers.

2.3. Study selection criteria, data extraction and quality assessment

Title, abstract and then full-text of all articles were screened to select & extract studies that investigated
the effect of probiotics on viral infections (with emphasis on SARS-CoV-2) in English language (all research
types with both human and animal origin). We excluded HIV papers, due to not being directly related to
respiratory viral infections. Data extraction from primary articles was performed by one author (AR.M)
by using a standardized form. A second author checked the accuracy of the data extracted (M.P). Data
collected from the studies included authors’ family name, type of study, probiotic strains and dose, sample
size, and overall outcomes. The Cochrane Collaboration criteria for assessing risk of bias were applied to
assess the quality of the studies included in the review (Higgins & Green, 2011).

3. Results

A diagram showed the details of included studies in Figure 1 . A total of 93 recorded were identified initially
from selected databases. After excluding duplicates and articles that did not meet the inclusion criteria, we
obtained 48 articles with full-texts which were read for further evaluation, where another 27 were excluded
due to insufficient data and duplication. Overall, we included 21 articles for qualitative analysis.

3.1. Major effects of probiotics in viral infections:

COVID-19-related probiotic strains – up to May 2020 - were summarized in Figure 2 . As well, the admin-
istered probiotics in other viral infections were briefly displayed in Figure 3 .

3.1.1. Effects on Level of Interleukins

Oral Lactobacillus casei ATCC 39392 vaccine polarized Th2 cell immunity and stimulated IL-17 expression
against transmissible gastroenteritis coronavirus (TGEV) (Xinpeng Jiang et al., 2016), however, an anti
interleukin (IL)-17 effect was observed forBifidobacterium animalis (Hüseyin Sancar Bozkurt & Quigley,
2019). In another study, the probiotic strain “heat-killed Lactobacillus plantarum L-137 ” was introduced as
an IL-12 inducer in mice (Murosaki et al., 1998).

2
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In a trial conducted by kimmel et al, 10 healthy Subjects consumed 1 capsule/day of Bacillus coagulans GBI-
30, 6086 (GanedenBC30) for 28 days and returned for post-treatment immunological markers evaluation;
IL-6, IL-8, and TNF-alpha levels were increased after exposure to a strain of adenovirus (AdenoVI) and
influenza A (H3N2 Texas strain; FluTex). IL-1beta levels also increased after exposure to AdenoVI but were
reduced after ex vivo exposure to FluTex (Kimmel, Keller, Farmer, & Warrino, 2010).

Some hypotheses indicated that oral administration of theStreptococcus salivarius K12 strain, through a
still not perfectly clear molecular mechanism, reduced IL-8 plasma concentrations and increased salivary
interferon-γ. These modulations may also realistically account for anti-inflammatory and antiviral activity,
which would then be added to the antibacterial action of the K12 strain (Wescombe, Hale, Heng, & Tagg,
2012).

Coronaviruses may also vulnerable to probiotics. Chi et al. after infecting swine testicle (ST) cells
with TGEV administeredEnterococcus faecium NCIMB 10415 ; as a result, production of nitric oxide in-
creased and expression of IL-6 & 8 in the cells treated with E. faecium was elevated (Chai et al., 2013).
Another research claimed that Enterococcus faecium HDRsEf1 could significantly downregulate the mRNA
level of pro-inflammatory factors IL-1ß, IL-6, IL-8, IL-12, IL-17, and TNF-a (Tian et al., 2016).

3.1.2. Effects on Virus Titres Reduction

21 days feeding yogurt fermented with Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1 (1073R-1)
significantly decreased influenza virus titres in infected mice (Nagai, Makino, Ikegami, Itoh, & Yamada,
2011).

Results of an animal study in mice conducted by Maeda et al. showed thatheat-killed Lactobacillus plantarum
L-137 can lower the viral titres of influenza virus A/FM/1/47 (H1N1, a mouse-adapted strain) (Maeda et
al., 2009). Other researchers demonstrated this effect on humans (Arimori et al., 2012). Contrary, Another
probiotic “heat-treated Enterococcus faecalis strain FK-23 ” during 6-36 months administration for 39 adult
HCV-positive subjects could reduce alanine aminotransferase (ALT) and aspartate transaminase (AST) with
no significant effect on viral load (Oo et al., 2016).

3.1.3. Effects on Antibody Production

Consuming 1 capsule/day of Bacillus coagulans GBI-30, 6086 (GanedenBC30) for 28 days increased
CD3+CD69+ cells and interferon-gamma (IFN-gamma) levels (Kimmel et al., 2010). Moreover,Lactobacillus
delbrueckii ssp. bulgaricus OLL1073R-1 (1073R-1)increased anti-influenza virus (A/PR/8/34 (H1N1)) an-
tibodies (IgA, IgG1) in animal model (Nagai et al., 2011). Interestingly, heat-killed Lactobacillus plantarum
L-137 can act as an IFN-β inducer (Maeda et al., 2009).

Lactobacillus casei shirota, another potential probiotic,was capable to reduce plasma antibody titres in
cytomegalovirus and Epstein–Barr virus infected people through modulation the activity of natural killer
(NK) cells (Kawai & Akira, 2006); but it had not any therapeutic effect on norovirus-induced gastroenteritis
(Nagata et al., 2011).

Oral administration of yogurt containing Lactobacillus gasseri SBT2055 (LG2055) in healthy adult subjects
potentiated vaccine-specific antibody production against A/H1N1 and B influenza viruses (Nishihira et al.,
2018). In another trial, Titres against the influenza B strain increased significantly in group receiving
Lactobacillus casei DN-114 001 (CNCMI-1518) for 13 weeks (Boge et al., 2009).

Some other strains such as Lactobacillus rhamnosus (LGG) , when administered for 4 weeks to children with
gastroenteritis who were positive for either rotavirus or Cryptosporidium species in stool, caused a significant
increase in serum immunoglobulin (Ig) G levels occurred (Sindhu et al., 2014). According to evidence, the
titres of vaccine-specific IgG, IgG1, and IgG3 in plasma as well as that of vaccine-specific secretory IgA in
saliva were significantly greater in those who received both probiotics “Bifidobacterium animalis ssp. lactis
and Lactobacillus paracasei ssp. Paracasei (109 CFU for 6 weeks) ” (Rizzardini et al., 2012). Furthermore,
172 full-term infants that were fed by probiotics formula (106 CFU/gBifidobacterium animalis ssp. lactis;

3
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Bb12 ) had more anti-poliovirus-specific IgA in the feces sample, but not anti-rotavirus-specific IgA (Holscher
et al., 2012).

Akatsu et al. (Akatsu et al., 2013) highlighted a significant association between Bifidobacterium and increased
immune function and intestinal microbiota in the elderly; administration ofBifidobacterium longum( BB536)
for 5 weeks resulted in an increase of serum IgA. BB536 intake did not significantly affect hemagglutination
inhibition titres in response to influenza vaccine. NK cell activity did not also decrease significantly in
probiotics group.

Interestingly, Receiving a jelly containing 10 billionheat-killed Lactobacillus paracasei MCC1849 cells for 6
weeks could improve the antibody responses to the A/H1N1 and B antigens in [?]85 years of age subgroup
(n = 27), anyway, the overall results were not significant compared with placebo (Maruyama et al., 2016).

4. Discussion:

Here, we reviewed the literature regarding several probiotics based on the papers which described single
probiotics in clinical trial to avoid the crosstalk or mutual interference between probiotics. To the best of
our knowledge, this is the first systematic review reporting probiotics-related findings in COVID-19 pan-
demic. Probiotic strains likeLactobacillus plantarum, Lactobacillus casei,Bifidobacterium animalis, Bacillus
coagulans, Streptococcus salivarius, and Enterococcus faecium had inhibitory effects on proinflammatory
interleukins. Moreover, several conventional probiotics (Lactobacillus gasseri, Lactobacillus rhamnosus, Bi-
fidobacterium longum ) potentially increased the level of antibodies.

Coronaviruses (CoVs) involve a large family of surrounded, positive-stranded RNA viruses that infect a wide
range of animal hosts as well as humans. The most common representatives are porcine respiratory CoV,
porcine transmissible gastroenteritis virus, porcine epidemic diarrhoea virus, canine CoV, human CoVs,
severe acute respiratory syndrome-associated CoV, murine hepatitis virus (MHV), avian CoV infectious
bronchitis virus (IBV) and turkey CoV (TCoV). The most recognized coronavirus, the Middle East respi-
ratory syndrome virus, was found in Africa and Asia (Siddell et al., 1983). At the present, antivirals have
been developed for management of the CoV-induced infections, however, the treatment process is affected
by other determinants. For example, some data are available on the association of COVID-19 and intestinal
microbiota. Lactobacilli andBifidobacteria are two conventional probiotics that can really tip the balance of
a diverse gut ecosystem in combating COVID-19 (K. Xu et al., 2020).

There are some mechanisms explaining the antiviral impacts of probiotics. A brief report (Hüseyin S Bozkurt,
2020) claimed that high-single dose endoscopic administration of appropriate and reliableBifidobacterium
Infantis (BB-12 ), as potential probiotic, or use of these strains’ lipopolysaccharide membranes in vacci-
ne development especially in patients with gastrointestinal symptoms (diarrhea, abdomen pain, vomiting)
can result in more therapeutic and preventive effects in Coronavirus-infected patients (K. Bozkurt et al.,
2019; Schiavi et al., 2016). Consequently,Bifidobacterium animalis theoretically can inhibit the replication
of coronaviruses by reducing ER stress-related autophagy, especially the inositol-requiring enzyme 1 (IRE1)
pathway, over its anti interleukin-17 effect (Hüseyin Sancar Bozkurt & Quigley, 2019). Apparently, the main
pathogenic mechanism that makes viral infection-induced pneumonia seems to be a “cytokine storm”; IL-6
is the main proinflammatory marker in this regard (Angeletti et al., 2020). Anyway, the state of knowledge
regarding the immunomodulatory effects of probiotics has recently advanced.

Some probiotics have potency to induce the interferon (IFN) production pathways. Lactococcus lactis
JCM5805 can activate human Plasmacytoid dendritic cells (pDCs) in vitro; pDCs play a crucial role in
antiviral immunity as proficient type I IFN producing cells (IPCs) (Siegal et al., 1999; Trinchieri & Santo-
li, 1978) and mucosal T cell independent IgA production (Tezuka et al., 2011). pDC-derived type I IFNs
can indirectly inhibit viral replication and spread (Theofilopoulos, Baccala, Beutler, & Kono, 2005), and
activation of NK cells (Tezuka et al., 2011). Two distinct types of Toll-like receptors (TLR7 and TLR9) -
expressed by pDCs - have some molecular role (Gilliet, Cao, & Liu, 2008); TLR7 recognizes the microbial
RNA of virus (Lee, Lund, Ramanathan, Mizushima, & Iwasaki, 2007; Lund et al., 2004), and TLR9 senses
the ssDNA containing CpG motifs (Bauer et al., 2001; Latz et al., 2007). Upon sensing the viral nucleic acid,
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interferon regulatory factor 7 (IRF7) is activated, phosphorylated, and translocated into the nucleus to begin
the transcription of type I IFNs (Kawai et al., 2004). In conclusion, this strain had many important roles in
both innate immunity and adaptive immunity; as well, several human-based trials confirmed this observation
(influenza virus as main target) (Fujii et al., 2017; Jounai, Sugimura, Ohshio, & Fujiwara, 2015; Shibata et
al., 2016). Furthermore, some probiotic strains such as Enterococcus faecium HDRsEf1 could significantly
downregulate the mRNA level of TLR4, TLR5, TLR7, and TLR8 (Tian et al., 2016).

As discussed earlier, there have also been negative reports against probiotics. According to scRNA-Seq
analysis, Feng et al. found that the SARS-Cov-2 receptor, ACE2, could be elevated in the presence of both
invasive bacteria Salmonella Enterica and its counterpart,Segmented Filamentous Bacteria as probiotics
in the mouse small intestine (Liang et al., 2020) and human enterocytes (Feng, Wang, & Qi, 2020). in
another study Lactobacillus acidophilus andBacillus clausii also failed to decrease the coronavirus receptors
expression in the murine small intestine compared to control and post Salmonella infection (Pradhan et al.,
2019).

In total, the US Food and Drug Administration classifies these as GRAS (Generally Recognized As Safe) or-
ganisms, so the risks of probiotics administration seem to be low, although the amount and type of strains
are also considerable (Askari & Moravejolahkami, 2019; Moravejolahkami & Chitsaz, 2019). Notably, uncon-
firmed prescription of conventional probiotics for COVID-19 is not recommended until further investigations
regarding the pathogenesis of SARS-CoV-2 and its effect on gut microbiota were published.

A few limitations of this review shall be highlighted; systematic review table was not designed due to
inconsistent data of relevant studies; COVID-19 papers did not report the required detail. Moreover, meta-
analysis has not been performed due to heterogeneity of studies, especially in relation to published data for
SARS-CoV-2. Secondly, we excluded a large number of research on supplementation of different nutrients,
which were related to immune function. However, the main strength of the current study was that we
performed an exclusive investigation for diseases of the same origin i.e. virus disease, especially COVID-19
for first time.

5. Conclusion

We described the efficacy of probiotics for the prevention or treatment of viral-based infectious diseases;
more than 20 strains improved the anti-inflammatory interleukins and anti-body production against viruses.
Moreover, virus titres were lowered after probiotics supplementation periods. The large number of viral
species and their subtypes as well as the high mutation rate of viruses do not allow scientists to discover
appropriate vaccines and antiviral drugs, so, the administration of pro/prebiotics - as immune function
modulators and antibiotic-related side effects removers – is recommended. Although further detailed research
is necessary, the authors recommend researchers/physicians/dietitians to use probiotics as more rational
adjunctive option in COVID-19 pandemic, especially in mechanically ventilated patients.
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Figure Legends:

Figure 1. Flow diagram of the different phases of systematic review.

Figure 2. The probiotics strains that have been reported in the context of COVID-19 (up to May 7, 2020).

Figure 3. Evidence-based efficacy of some probiotic strains in viral infections.
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