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antivirals is an urgent task. Probiotics are viable microorganisms with a lot of benefits to the body. The
antiviral effects and underlying mechanisms of probiotics are research hot spots at the moment. This
review summarizes the multiple antiviral modes of probiotics, such as promoting the tight junction of
intestinal cells and producing beneficial substances to maintain the mucosal barrier of the host,
competing with viruses for targets or directly inhibiting and killing viruses, stimulating the immune
system and regulating innate and adaptive immune response, or secreting antiviral metabolites to exert

antiviral effects. The review is expected to provide insights into the development of probiotics-based

antivirals.

Keywords: probiotics; antiviral effect; antiviral mechanism; mucosal barrier; immune regulation
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Figure 1 Antiviral effects and the underlying mechanisms of probiotics. (1): probiotics promote tight

junctions of intestinal cells and stimulate the host to produce substances that are beneficial to intestinal
barrier function (such as mucins, trefoil factors, resistin-like molecules B, etc.) to maintain mucosal barrier;
(2): probiotics can directly inhibit and kill viruses by competing with viruses for binding sites and capturing
viruses; (3): probiotics regulate excessive inflammatory response and disordered immune system caused by
viral infection by releasing related cytokines from innate immune cells, and promote ThO cells to differentiate
towards Thl cells through related cytokines, regulate the balance between Th17/Tregs, and promote the
release of antibodies by B lymphocytes; (4): probiotics can secrete metabolites with antiviral effects such as
bacteriocins, EPS, EVs, LA, and SCFAs. The red arrows represent promoting effects, the purple arrows
represent inhibiting effects.
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Table 1

Probiotics interacting with pattern recognition receptors

PRRs Probiotics Outcome References

TLR2 B. lactis BB12 IL-101 [50—51]
Lc. casei YIT 9029, Lc. rhamnosus YIT 0232, Lm. fermentum YIT 0159, Lm. TNF-at [52-53]
reuteri YIT 0197, Lp. plantarum YIT 0102, L. acidophilus YIT 0070

TLR3 Lp. plantarum CRL1506, Lc. rhamnosus CRL1505 IL-1071, IFN-B1 [57]

Lp. plantarum DU1, Weissella cibaria DU1, Latilactobacillus sakei DU2 IL-15], TNF-a| [21]
IL-101, IFN-p1
IFN-af, TNF-a]

TLR4 Bacteroides fragilis IFN-B1 [54]
Golden bifid TNF-a|, IL-1B] [55]
Probiotic-4 TNF-a|, IL-6] [56]

TLR7 Bifico IFN-y1, IL-171 [58]

IL-4],1L-10}
TLR9 VSL#3 IL-61 [59]
IL-121

NOD1 LGG, B. longum ssp. infantis S12 IL-8|, hBD-21 [60]

NOD2 LGG, B. longum ATCC15697 IL-1B} [61]
BLS-mix IL-221, IL-8% [62]

Probiotics: Golden bifid: B. longum, L. bulgaricus, S. thermophilus; Bifico: B. longum, L. acidophilus, E. faecalis; VSL#3: 4
Lactobacillus strains (Lc. casei, Lp. plantarum, L. acidophilus, L. delbrueckii subsp. bulgaricus), 3 Bifidobacterium strains (B.
longum, B. breve, B. infantis), 1 Sreptococcus strains (S. salivarius subsp. thermophilus); BLS-mix: Bacillus licheniformis,
Bacillus subtilis. Outcome: findicates the expression increased significantly; |indicates the expression reduced significantly.
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