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ABSTRACT 

Due to its offhand use of chemical drugs, antimicrobial resistance against pathogenic bacteria is increasing day by 

day. Not only bacteria but virus is also showing step by step resistance against anti viral drugs either it‘s older or the 

newer one.Over the years, beneficial strains of lactic acid bacteria (commonly popular as Probiotics) have been 

successfully used to treat gastrointestinal, oral, and vaginal infections caused by pathogenic microbes. Some recent 

studies shows that this group of bacteria along with some beneficial strains of yeast can be successfully employed to 

stop and reduce symptoms of infections caused by common viruses, especially tract viruses, but also for viral 

digestive infections (such as rotavirus, coronavirus, or norovirus) and other viral infections (such as viruses that 

cause hepatitis, human papillomavirus, human immunodeficiency virus, and herpes simplex virus).Ongoing 

continuous research on developing vaccines and antiviral agents against various viral infections, no specific 

treatment or vaccine has been approved for several enteric or respiratory viral infections; In addition, the efficiency 

of currently available treatments remains limited. One of the foremost reliable and recommended strategies to 

regulate viral infections is prevention. Recently, intense studies are going on that specialize in a promising approach 

for treating/preventing various viral infections using probiotics.In this review, we emphasize the protective effects of 

probiotics against viral infections and proposed mechanisms for suggestion of a completely unique and costeffective 

treatment against current and newly discovered viruses like SARSCoV2 and other viruses. 
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1. INTRODUCTION 

―Probiotics‖ are microorganisms which promote 

other beneficial microbial growth was coined in 

1965 by Lilly and Stillwell [1]. As per 

FAO/WHO probiotics are ―live microorganisms 

which, when administered in adequate amount, 

confer a health benefit to the host‖ [2]. To be 

classified as a probiotic, the microorganism 

should have certain characteristics, such as 

having a human origin source, being non-

pathogenic, being resistant to the intestinal 

environment, and having a beneficial effect on 

the immune system. The majority of the 

probiotic microorganisms are ‗generally 

recognized as safe, GRAS‘ [3]. Most of the 

probiotics marketed till date for human 

consumption are from Lactic acid bacteria 

(LAB) group. LAB is the Gram positive, non 

sporulating lactic acid forming bacterial group 

that includesLactobacillus, Lactococcus, 

Pediococcus, Enterococcus and other species. 

Over the years researchers have been found huge 

antibacterial and antifungal activities of this 

group. They have been successfully used in the 

treatment of some skin infections, Irritable 

Bowel Syndrome (IBS), Diarrhea also in oral 

and vaginal infections. Some of them exhibit 

cholesterol lowering activity, antitumor activity 

and immunomodulating characteristics. Though 

little attention has been given to the antiviral 

capabilities of probiotics, in some recent studies, 
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antiviral activities have been reported for 

probiotic bacteria and/or their metabolites[4, 5]. 

The relationship among beneficial bacteria, 

pathogenic viruses and host immune system is 

very complicated. Normally a virus entered into 

the body has to face two layers of immunity 

provided by the host immune system, innate and 

adaptive immunity. If overcome these barriers 

they can infect various organs and tissues of a 

human, like in Polio the Poliovirus attacks the 

spinal cord, in diarrhea the Rotavirus infect the 

colon of a child, in Hepatitis B infection the 

virus infect the liver, in HIV the infection is 

found in WBC, in Influenza lungs and 

respiratory tract gets affected, the Measles virus 

infects the respiratory tract, then spreads 

throughout the body and so on. According to 

Sundaraman et al., 2020           [6] probiotics 

have both the direct and indirect influence over 

the viral infection. They can directly prevent the 

viral attachment to host cells [7, 8]interact with 

virus[9] secreteantiviral metabolites in the form 

of exopolysaccharides (EPSs) [10], or other 

antiviral antimicrobial peptides (AMPs) [11, 

12]); bacteriocins, or by indirectly modulatingthe 

mucus layer [13, 14] and via stimulation of 

immune system. 

2.1 PREVENTION OF ENTRY: DIRECT 

INTERACTION BETWEEN 

PROBIOTICS AND VIRUS 

The first step in viral infection is attachment to 

specific host or target cell. Probiotics can 

compete with the virions for the same specific 

attachment site or they can capture the virions 

directly. Some strains of Lactobacillus and 

Bifidobacterium can prevent Vesicular Stomatitis 

Virus (VSV) by directly binding to their cell 

surface and can reduce viral infectivity up to 

60%. [7]. Wang et al, 2013[15] showed the 

inhibitory potential of the probiotic 

Enterococcus faecium NCIMB 10415 on the 

replication of two porcine strains of influenza 

virus (H1N1 and H3N2 strain) in a continuous 

porcine macrophage cell line and the result 

showed an inhibition of virus multiplication by 

up to four log units in the E. faecium treated 

cell.Another study of 2013 showed that binding 

of CD4+ receptor present on the outer surface of 

Lactobacillus species with HIV virus prevents 

the attachment of HIV virus to CD4+ cells of 

immune system [8]. One of the recent 

studies[16] showed the probiotics have the 

ability to inhibit the enveloped viruses such as 

herpes simplex type 2 (HSV-2) by entrapment. 

2.2 RELEASE OF DIFFERENT 

ANTIVIRAL COMPONENT  

As a normal inhabitant of human body, Lactic 

acid bacteria and their metabolites exert an 

important role in innate immunity. Lactic acid, 

acetic acid, formic acid produced during 

carbohydrate fermentation process reduces the 

pH below 4 and at this lower pH most of the 

pathogenic organisms including human 

immunodeficiency virus type 1 (HIV-1) and 

HSV-2 get inactivated [17, 18, 19].Metabolite 

hydrogen per oxide also can inhibit the 

replication of new virions within the host. As 

LAB are catalase negative, when grown in 

presence of oxygen, they accumulate H2O2, 

hydroxyl radical, superoxide in higher 

concentration within the cell. In recent studies 

these reactive components showed antiviral 

properties against type-1 and type-2 HIV, 

Influenza, HSV etc. [17, 20]Exopolysaccharides 

(EPS) extracted from probiotic Lactobacillus 

plantarum strain N4(Lp) also shows antiviral 

activities against the Transmissible 

Gastroenteritis Virus (TGEV) which causes 

severe diarrhea and other symptoms and 

ultimately end up in death in young piglets [21]. 

EPS derived from some other probiotics showed 

immuno-modulatory activities. EPS26a 

from Lactobacillus sp. inhibits the replication 

process of human adenovirus type 5 (HAdV-5). 

EPS derived from Bacillus licheniformis strain 

T14 can prevent HSV-2 infection at 300 and 400 

μg·mL
−1

 in human peripheral blood mononuclear 

cells (PBMC). Lactobacillus 

delbrueckii OLL1073R-1 secretes an EPS which 

interferes with the components of innate immune 

response like the Toll-like receptor 3 (TLR3) 

and the expression of interferon (IFN)-α, IFN-β, 

MxA, and RNase L in porcine intestinal 

epithelial (PIE) cells.[22].In a related study by 

Mastromarino et al., 2011, it has been found that 

theinhibitory antiviral activity of Lactobacillus 

brevis towards HSV-2  is likely due to a heat-
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resistant non-protein cell surface bacterial 

component.[23] 

Among the proteinaceous antimicrobial proteins 

(AMPs), bacteriocin is well studied from 

different bacterial sources and it has probiotic 

application also. Bacteriocins are ribosomally 

synthesized small peptides, with antibacterial as 

well as antifungal activities. Some recent 

studiesshow how this small peptide can prevent 

viral growth within host tissues. Before viral 

entry into human cells they can block viral 

receptors or they can interfere with viral 

replication after entry. As for example 

Duramycin, a peptide bacteriocin produced by 

Streptomycetes, binds phosphatidylethanolamine 

in enveloped virions and blocks the receptor 

TIM1 for Zika virus and as a result infection in 

placental cells and explants reduced many fold 

[24]. The study of Serkedjieva et al., 2000 

showed different mode of action of bacteriocin 

from Lactobacillus delbrueckii against Influenza 

virus [25]. A 5kDa bacteriocin of Lactobacillus 

delbrueckii reduced virus-induced cytopathic 

effect, infectious virus yield, expression of viral 

protein at outer surface of infected cells etc. 

Antiviral activity by enterocin CRL35 and ST4V 

has been observed against HSV-1 and HSV-2 in 

Vero and BHK-21 cells, affecting intracellular 

viral multiplication, and inhibiting late stages of 

replication [26–28]. Similar result was observed 

from a Bacillus originated bacteriocin 

subtilosin,which affects late infectious stages of 

both HSV type 1 [11] and HSV type 2 [12]. 

2.3 STIMULATION OF IMMUNE 

SYSTEM 

The components of human innate immune 

system like epithelial cell surfaces, toll like 

receptors (TLR), some anti-microbial protein 

like defensin, natural killer (NK) cells, 

phagocytic cells continually roam throughout the 

body and search for external foreign objects 

including viruses. Plasmacytoid dendritic cells 

(pDC) are specialized immune cells that 

recognize both viruses and bacteria, and they 

play an important role in inducing the cytotoxic 

activity of NK cells via the production of 

interferon-alpha (IFN-a) - interferons are 

cytokines that inhibit viral replication by 

interfering with the transcription of viral nucleic 

acid.[22]. Recent studies show that Probiotics 

generally enhance the number and activity of 

NK cells against the infecting viruses [29, 30]. 

Some probiotics can influence the adaptive 

immunity also. This type of immunity is very 

specific, appeared after 2-3 days later of the 

infection and generally mediated by B cells and 

T-cells of types TH (CD4, helper) and TC (CD8, 

cytotoxic). One of the important features of this 

type of immunity is presence of long term 

pathogen specific memory cells which help in 

host cells protection during further attack of the 

same pathogen. Wang Y. et al., (2017) observed 

that the probiotic strain L. rhamnosus GG 

(ATCC53103) produces the soluble factor Msp2 

(or p40) protein, which signals epithelial cells in 

the gut to stimulate B-cells and produceg IgA 

antibodies [31]. L. plantarum strain YU, isolated 

from food products, showed high interleukin 12-

inducing activity in mouse peritoneal 

macrophages. They have enhanced natural killer 

cell activity in spleen cells and produce IgA 

from Peyer‘s patch cells. [32] 

2.4 MODULATION OF THE MUCUS 

LAYER 

The internal organ system of human body is 

covered with a wet biopolymer matrix called 

mucus. Whenever a bacterial or viral pathogen 

wants entry to organ system this mucosal 

epithelium layer is the vital barrier they have to 

cross over. Body‘s normal microflora remains 

attached to these epithelial cells of lungs, vagina 

and gastro-intestinal tract and prevent the entry 

of pathogens. They compete with the pathogens 

for attachment site, nutrition and also induce 

expression of some antimicrobial proteins 

likemucin 2. Porcine gastric mucins have been 

shown to prevent infection of epithelial cells by 

a variety of viruses including human papilloma 

virus type 16, Merkel cell polyoma-virus and a 

strain of influenza A virus [13]. Another study 

by Nunn et al., (2015)showed direct formation a 

barricade like structure by some probiotic 

bacteria which prevents the entry of HIV-1 

through cervicovaginal mucus (CVM) 

[33].Again combination of probiotics 

likeBifidobacterium and Lactobacillus species 
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and prebiotics like inulin reduced the severity of 

rotavirus diarrhea several fold [34]. 

3. EFFECT OF PROBIOTICS ON 

RESPIRATORY TRACT INFECTION 

(RTI) WITH SPECIAL EMPHASIS ON 

COVID-19: 

One of the major causes of respiratory tract 

infection is viral pathogens. These include 

rhinovirus, respiratory syncytial virus, influenza 

virus, human parainfluenza virus, human 

metapneumovirus, measles, mumps, adenovirus, 

and coronavirus [35]. They can infect both upper 

respiratory tract infections (URTI) and lower 

respiratory tract infections (LRTI) and according 

to Van Riel et al., 2006, lower respiratory tract 

infections are more severe and important than 

upper respiratory tractinfections [36]. The newly 

emerging virus during 2019, theSARSCoV-

2(Covid 19) can attack both the tract and shows 

common symptoms such as high fever, flu, sore 

throat, headache, runny or blocked nose, 

weakness, muscle pain, and diarrhea similar like 

the common respiratory tract infecting Influenza 

virus. It also showed some other symptoms like 

loss of smell or taste or both, pneumonia, acute 

respiratory distress syndrome (ARDS) and lastly 

multiple organ failure and death. In recent days 

probiotics are used for controlling different 

diseases of GI tract, respiratory system and also 

to modulate the local and systemic immune 

response. Most of the respiratory tract infection 

occur due to imbalance in the the normal 

microbial population attached to mucosal 

epithelium of gut and respiratory system. The 

Mucosal Associated Lymphoid Tissue (MALT) 

plays an important role in promoting the immune 

response of the respiratory, digestive, and 

urogenital tracts. But due to this imbalance, 

several bacterial as well as viral infections may 

occur to these organs including RTI. In one of 

the study by Abt et al., (2012), it has been 

observed that the gut microbiome can control 

these RTI by inducing immune responses at 

distant mucosal sites like the lungs.As probiotics 

can‘t be administered directly to respiratory 

system, majority of probiotics can inhibit the 

respiratory viruses by immunomodulatory 

mechanisms [38]and also through gut. This type 

of immune modulation helps patients showing 

cytokine storm due to COVID 19 attack. There 

are several evidences that showed the probiotic 

strains has the ability to modify the dynamic 

balance between proinflammatory and 

immunoregulatory cytokines that allow 

reduction in viral load without causing  damage 

to the lungs. Oral administration Bifidobacterium 

longumBB536for continuous 2 weeks before 

infection of Influenza virus showed an anti-IFV 

A/PR/8/34 (H1N1) activity in BALB/c mice and 

this is due to reduction in proinfl ammatory 

cytokines concentration, such as IFNγ and IL-6 

[39]. This helps to prevent ARDS, one of the 

major complication of  COVID-19 infection. 

Studies showed suppression of plasma pro-

inflammatory cytokines (IFN-γ, TNF-α) in 

middle-aged adults in presence of Lactobacillus 

plantarum DR7 and enhancement of anti-

inflammatory cytokines (IL-4, IL-10) in young 

adults, along with reduced plasma peroxidation 

and oxidative stress levels [40]. Administration 

of certain bifidobacteria or lactobacilli has 

beneficial impact on influenza virus clearance 

from the respiratory tract [41]. A recent study in 

mice has shown that oral administration of 

Lactobacillus acidophilus CMCC878, started 24 

h after pulmonary inoculation of Pseudomonas 

aeruginosa and Staphylococcus aureus reduced 

bacterial load in the lungs, and decreased lung 

damage and systemic inflammation [42]. 

4. CONCLUSIONS 

Probiotics are generally safe for all the ages from 

infant to older persons. They exhibit direct and 

indirect mechanisms to eradicate viruses from 

human body (both internal and external organs). 

Most of the applications and studies on 

probiotics are confined to the gastrointestinal 

tract but they can also be applied to other organ 

system effectively. Several LAB strains have 

been considered for pharmaceutical applications 

after a number of clinical studies and human 

trials (placebo-controlled, double-blind, 

randomized trials). From recent clinical and 

experimental studies several evidences showing 

antiviral activity of probiotic strains against 

influenza, rhinovirus, and respiratory syncytial 

virus are emerging [43]. Though reports are 

available for other coronavirus strains [44], the 
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effect of probiotics still not tested against the 

new SARS-CoV-2 virus. With vaccination and 

other supportive measures may be this approach 

will help us to conquer this pandemic. 

 

 

 

 

 

REFERENCES 

[1] Lilly, D.M. and Stillwell, R.H. (1965) Probiotics: Growth-Promoting Factors Produced by 

Microorganisms.Science, 147, 747-748.https://doi.org/10.1126/science.147.3659.747. 

[2]  FAO/WHO. (2001). Evaluation of Health and Nutritional Properties of Probiotics in Food. 

Córdoba, Argentina: Food and Agriculture Organization of the United Nations and World Health 

Organisation; 1-34. 

[3] Rodríguez J M, Martínez M I and Kok J (2002) Pediocin PA-1, a wide-spectrum bacteriocin from 

lactic acid bacteria. Crit. Rev. in Food Sci. and Nutri., 42: 91–121. 

[4]  Tiwari S.K., Dicks L.M.T., Popov I.V., Karaseva A., Ermakov A.M., Suvorov A., Tagg J.R., Weeks 

R., Chikindas M.L. (2020) Probiotics at War Against Viruses: What Is Missing From the Picture? 

Frontiar in Microbiology, 20;11:1877. doi: 10.3389/fmicb.2020.01877. PMID: 32973697; PMCID: 

PMC7468459. 

[5]  Kesika, P.; Sivamaruthi, B.S.; Thangaleela, S.; Chaiyasut, C. (2021) The Antiviral Potential of 

Probiotics—A Review on Scientific Outcomes. Applied Science, 11, 8687. https://doi.org/ 

10.3390/app11188687. 

[6]  Sundararaman, A., Ray, M., Ravindra, P. V., & Halami, P. M. (2020). Role of probiotics to combat 

viral infections with emphasis on COVID-19. Applied microbiology and biotechnology, 104(19), 

8089–8104. https://doi.org/10.1007/s00253-020-10832-4. 

[7]  Botic´ T, Klingberg TD, Weingartl H et al (2007) A novel eukaryotic cell culture model to study 

antiviral activity of potential probiotic bacteria. International Journal of Food Microbiology, 

115:227–234.doi: 10.1016/j.ijfoodmicro.2006.10.044. 

[8]  Su, Y., Zhang, B., and Su, L. (2013). CD4 detected from Lactobacillus helps understand the 

interaction between Lactobacillus and HIV. Microbiology Research 168, 273–277. doi: 

10.1016/j.micres.2012.12.004. 

[9]  Al Kassaa, I., Hober, D., Hamze, M. et al. (2014). Antiviral Potential of Lactic Acid Bacteria and 

their Bacteriocins. ProbioticsandAntimicrobialProteins. 6, 177–185.https://doi.org/10.1007/s12602-

014-9162-6. 

[10]  Biliavska, L.; Pankivska, Y.; Povnitsa, O.; Zagorodnya, S. (2019). Antiviral Activity of 

Exopolysaccharides Produced by Lactic Acid Bacteria of the 

Genera Pediococcus, Leuconostoc and Lactobacillus against Human Adenovirus Type 

5. Medicina, 55, 519. https://doi.org/10.3390/medicina55090519. 

[11]  Torres, N. I., Noll, K. S., Xu, S., Li, J., Huang, Q., Sinko, P. J., Wachsman, M. B., & Chikindas, M. 

L. (2013). Safety, formulation, and in vitro antiviral activity of the antimicrobial peptide subtilosin 

against herpes simplex virus type 1. Probiotics and antimicrobial proteins, 5(1), 26–35. 

https://doi.org/10.1007/s12602-012-9123-x. 

https://doi.org/10.1007/s12602-014-9162-6
https://doi.org/10.1007/s12602-014-9162-6


Sanchari  Basu et. al./ Int.J.HIT.TRANSC:ECCN. Vol.7: Issue 1A (2021) 

 

ISSN: 0973-6875          DOI: 10.5281/zenodo.5892341   P a g e  | 6 

 

[12]  Quintana, V. M., Torres, N. I., Wachsman, M. B., Sinko, P. J., Castilla, V., & Chikindas, M. (2014). 

Antiherpes simplex virus type 2 activity of the antimicrobial peptide subtilosin. Journal of applied 

microbiology, 117(5), 1253–1259. https://doi.org/10.1111/jam.12618. 

[13]  Lieleg, O., Lieleg, C., Bloom, J., Buck, C. B., and Ribbeck, K. (2012). Mucin biopolymers as 

broad-spectrum antiviral agents. Biomacromolecules 13, 1724– 1732. doi: 10.1021/bm3001292. 

[14]  Schroeder, B. O. (2019). Fight them or feed them: How the intestinal mucus layer manages the gut 

microbiota. Gastroenterol. Rep. 7, 3–12. doi: 10.1093/gastro/ goy052. 

[15]  Wang Z, Chai W, Burwinkel M, Twardziok S, Wrede P, Palissa C, Esch B, Schmid MFG (2013) 

Inhibitory influence of Enterococcus faecium on the propagation of swine influenza a virus in vitro. 

PLoS One 8:e53043.doi: 10.1371/journal.pone.0053043. 

[16] Mousavi E. et al., (2018) Antiviral effects of Lactobacillus crispatus against HSV-2 in mammalian 

cell lines. Journal of the Chinese Medical Association, 81 (3), 262-

267.https://doi.org/10.1016/j.jcma.2017.07.010. 

[17]  Conti C., Malacrino C., Mastromarino P. (2009) Inhibition of herpes simplex virus type 2 by 

vaginal lactobacilli. Journal of  Physiology and Pharmacology. 6:19–26. 

[18]  Martin L.S., McDougal J. S., Loskoski S. L. (1985) Disinfection and inactivation of the human 

lymphotropic virus type III/lymphadenopathy-associated virus. Journal of Infection 

Diseases.152:400–403. doi: 10.1093/infdis/152.2.400. 

[19]  Tuyama AC, Cheshenko N, Carlucci MJ, Li JH, Goldberg CL, Waller DP, Anderson RA, Profy AT, 

Klotman ME, Keller MJ, Herold BC (2006) Acidform inactivates herpes simplex virus and prevents 

genital herpes in a mouse model: optimal candidate for microbicide combinations. Journal of 

Infection Diseases.194:795–803. doi: 10.1086/506948.  

[20]  Klebanoff SJ, Coombs RW (1991) Viricidal effect of Lactobacillus acidophilus on human 

immunodeficiency virus type 1: possible role in heterosexual transmission. J Exp Med 174:289–

292. doi: 10.1084/jem.174.1.289. 

[21]  Biliavska, L., Pankivska, Y., Povnitsa, O., and Zagorodnya, S. (2019). Antiviral activity of 

exopolysaccharides produced by lactic acid bacteria of the genera Pediococcus, Leuconostoc and 

Lactobacillus against human adenovirus type 5. Medicina 55 (9), 519. doi: 

10.3390/medicina55090519. 

[22]  Harper A, Vijayakumar V, Ouwehand AC, ter Haar J, Obis D, Espadaler J, Binda S, Desiraju S and 

Day R (2021) Viral Infections, the Microbiome, and Probiotics. Frontiers in Cellular Infection 

Microbiology 10:596166. doi: 10.3389/fcimb.2020.596166. 

[23]  Mastromarino, P., Cacciotti, F., Masci, A., and Mosca, L. (2011). Antiviral activity of Lactobacillus 

brevis towards herpes simplex virus type 2: Role of cell wall associated components. Anaerobe 17, 

334–336. doi: 10.1016/j.anaerobe. 2011.04.022. 

[24]  Tabata T, Petitt M, Puerta-Guardo H, Michlmayr D, Wang C, Fang-Hoover J, Harris E, Pereira L. 

Zika Virus Targets Different Primary Human Placental Cells, Suggesting Two Routes for Vertical 

Transmission. Cell Host Microbe. 2016 Aug 10;20(2):155-66. doi: 10.1016/j.chom.2016.07.002.  

[25]  Serkedjieva, J., Danova, S. & Ivanova, I. (2000) Antiinfluenza virus activity of a bacteriocin 

produced by Lactobacillus delbrueckii . Applied Biochemistry and Biotechnology.  88, 285–298. 

https://doi.org/10.1385/ABAB:88:1-3:285. 

https://doi.org/10.1016/j.jcma.2017.07.010


Sanchari  Basu et. al./ Int.J.HIT.TRANSC:ECCN. Vol.7: Issue 1A (2021) 

 

ISSN: 0973-6875          DOI: 10.5281/zenodo.5892341   P a g e  | 7 

 

[26]  Wachsman M.B., Farias M.E., Takeda E., Sesma F., De Ruiz Holgado A.P., de Torres R.A., Coto 

C.E. (1999) Antiviral activity of enterocin CRL against herpes virus. International Journalof 

Antimicrobial Agents. 12:293–299.doi: 10.1016/s0924-8579(99)00078-3. 

[27] Todorov S. D., Wachsman M. B., Knoetze H., Meincken M., Dicks L.M.T. (2005) An antibacterial 

and antiviral peptide produced by Enterococcus mundtii ST4V isolated from soya beans. 

International Journalof Antimicrobial Agents. 25:508–513.doi: 10.1016/j.ijantimicag.2005.02.005.  

[28]  Wachsman M.B., Castilla V., De Ruiz Holgado A.P., de Torres R.A., Sesma F., Coto C.E. (2003) 

Enterocin CRL35 inhibits late stages of HSV-1 and HSV-2 replication in vitro. Antiviral Research. 

58:17–24. doi: 10.1016/s0166-3542(02)00099-2. 

[29]  Jounai K., Ikado K., Sugimura T., Ano Y., Braun J., Fujiwara D. (2012). Spherical lactic acid 

bacteria activate plasmacytoid dendritic cells immunomodulatory function via TLR9-dependent 

crosstalk with myeloid dendritic cells. PLoS One.7(4):e32588. doi: 10.1371/journal.pone.0032588.  

[30]  Gui, Q., Wang, A., Zhao, X., Huang, S., Tan, Z., Xiao, C., et al. (2020). Effects of probiotic 

supplementation on natural killer cell function in healthy elderly individuals: a meta-analysis of 

randomized controlled trials. Eur. J. Clin. Nutr. 74 (12), 1630–l1637. doi: 10.1038/s41430-020-

0670-z. 

[31]  Wang, Y., Liu, L., Moore, D. J., Shen, X., Peek, R. M., Acra, S. A., et al. (2017). An LGG-derived 

protein promotes IgA production through upregulation of APRIL expression in intestinal epithelial 

cells. Mucosal Immunology. 10, 373– 384. doi: 10.1038/mi.2016.57. 

[32]  Kawashima T., Kyoko H., Akemi K., Megumi K.et al. (2011).Lactobacillus plantarum strain YU 

from fermented foodsactivates Th1 and protective immune responses. International 

Immunonopharmacology 11:2017–2. doi: 10.1016/j.intimp.2011.08.013. 

[33]  Nunn, K. L., Wang, Y. Y., Harit, D., Humphrys, M. S., Ma, B., Cone, R., et al. (2015). Enhanced 

trapping of hiv-1 by human cervicovaginal mucus is associated with lactobacillus crispatus-

dominant microbiota. MBio 6, 1–9. doi: 10.1128/mBio.01084-15. 

[34]  Gonzalez-Ochoa, G., Flores-Mendoza, L.K., Icedo-Garcia, R. et al. (2017) Modulation of rotavirus 

severe gastroenteritis by the combination of probiotics and prebiotics. Archives of 

Microbiology. 199, 953–961. https://doi.org/10.1007/s00203-017-1400-3. 

[35]  Darbandi A., Asadi A., Ghanavati R., Afifirad R., Darb Emamie A., Kakanj M., Talebi M.  (2021) 

The effect of probiotics on respiratory tract infection with special emphasis on COVID-19: 

Systemic review 2010-20. International Journal of Infectious Disease. 105:91-104. doi: 

10.1016/j.ijid.2021.02.011. Epub 2021 Feb 9. Erratum in: Int J Infect Dis. 2021 Sep;110:337. 

PMID: 33578007; PMCID: PMC7871912. 

[36]  Van Riel D., Munster V. J., De Wit E., Rimmelzwaan G.F., Fouchier R.A,. Osterhaus A.D., et 

al.(2006). H5N1 virus attachment to lower respiratory tract. Science;312(5772):399. doi: 

10.1126/science.1125548. Epub 2006 Mar 23. 

[37]  Abt M.C., Osborne L.C., Monticelli L.A., Doering T.A., Alenghat T., Sonnenberg G.F., et 

al.(2012). Commensal bacteria calibrate the activation threshold of innate antiviral immunity. 

Immunity;37(1):158–70.doi: 10.1016/j.immuni.2012.04.011. Epub 2012 Jun 14. 

[38]  Lehtoranta L., Pitkäranta A., Korpela R.(2014).  Probiotics in respiratory virus infections. Europian 

Journal of Clinical Microbiologyand Infectious Disease. Off Publ Eur Soc Clinical 

Microbiology;33:1289–302. doi:10.1007/ s10096-014-2086-y. 

 



Sanchari  Basu et. al./ Int.J.HIT.TRANSC:ECCN. Vol.7: Issue 1A (2021) 

 

ISSN: 0973-6875          DOI: 10.5281/zenodo.5892341   P a g e  | 8 

 

[39]  Iwabuchi N., Xiao J-Z, Yaeshima T., Iwatsuki K. (2011). Oral administration of Bifi dobacterium 

longum ameliorates influenza virus infection in mice. Biological and Pharmaceutical 

Bulletin.34:1352–5.doi: 10.1248/bpb.34.1352. 

[40]  Chong H. X., Yusoff NAA., Hor Y.Y., Lew L.C., Jaafar M.H., Choi S.B, et al., (2019). 

Lactobacillus plantarum DR7 improved upper respiratory tract infections via enhancing immune 

and inflammatory parameters: a randomized, double-blind, placebo-controlled study. Journal of 

Dairy Science. 102:4783–97. doi: 10.3168/jds.2018-16103. 

[41]  Zelaya H., Alvarez S., Kitazawa H., Villena J. (2016). Respiratory antiviral immunity and 

immunobiotics: beneficial effects on inflammation-coagulation interaction during influenza virus 

infection. Frontiers of Immunology. 7:633. doi: 10.3389/fimmu.2016.00633. 

[42]  Shoaib A., Xin L., Xin Y. (2019)  Oral administration of Lactobacillus acidophilus alleviates 

exacerbations in Pseudomonas aeruginosa and Staphylococcus aureus pulmonary infections. 

Pakistan Journal of Pharma Science. 32:1621–30.PMID: 31608882. 

[43]  Baud D., Dimopoulou Agri V., Gibson G.R., Reid G. and Giannoni E. (2020). Using Probiotics to 

Flatten the Curve of Coronavirus Disease COVID-2019 Pandemic. Frontiers in Public Health 8:186. 

doi: 10.3389/fpubh.2020.00186. 

[44]  Liu Y.S., Liu Q, Jiang Y.L., Yang W.T., Huang H.B., Shi C.W.et al. (2019), Surface-displayed 

porcine IFN-lambda3 in Lactobacillus plantarum inhibits porcine enteric coronavirus infection of 

porcine intestinal epithelial cells. Journal of Microbial Biotechnology. 30:515–525. doi: 

10.4014/jmb.1909.0 9041. 

 Conflicts of interest: The authors declare that they have no conflicts of interest related to the 

subject matter or materials discussed in this article. 

Acknowledgments 

 The authors gratefully acknowledge the support of Indian Centre for Advancement of Research 

and Education(ICARE) for providing the space and resources for successful completion of this 

comprehensive review. 

 

 


