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Research advances in the interactions among respiratory viruses,
the immune system, and gut microbiota

JIA Yan’e, ZOU Yang, PU Lixia, WANG Shuai”

Lanzhou Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Lanzhou, Gansu, China

Abstract: Respiratory viral infections pose a severe threat to global public health security, and
exploring effective strategies to prevent them is of clinical significance. The gut microbiota plays a
crucial role in regulating anti-infective immunity by remodeling the immune microenvironment,
maintaining the immune homeostasis and boosting antiviral defenses of the host. Conversely,
dysbiosis of the gut microbiota can disrupt immune homeostasis, resulting in impaired innate
immune responses and abnormal activation of adaptive immunity, thereby raising the risk of
respiratory viral infections in the host. This study elaborates on the essential role of the gut
microbiota in the antiviral immune response of the host across multiple aspects. (1) It thoroughly
explains how the gut microbiota contributes to forming an immune defense barrier by performing
physiological functions such as secreting antimicrobial peptides, metabolizing nutrients, preserving
mucosal barrier integrity, and modulating immune homeostasis of the host. (2) It analyzes the
antiviral immune regulatory network that involves the regulation of type I interferon responses and
immune cell differentiation, all within the context of gut microbiota balance and dysbiosis. (3) It
explores how probiotics exert antiviral effects through mechanisms such as inhibiting viral
proliferation, improving the host’s immune response, reducing secondary infections, and restoring
gut microbiota balance. Although breakthroughs have been made in understanding the ternary
interaction network of the microbiota, the immune system, and viral infection, the molecular
mechanisms behind its dynamic balance and precise regulation still urgently need detailed
investigation. Specifically, the mechanisms of interactions between gut microbiota metabolites and
host epigenetic regulation, along with the long-term protective strategies of microbiota-induced
immune homeostasis against viral infection, remain to be systematically revealed through multi-
omics technologies.

Keywords: respiratory viruses; immunity system; microbiota; mechanism
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Table 1 The mechanisms of probiotics inhibiting exogenous pathogens infections
Species Methods Mechanisms Phenotypes References
Lactobacillus delbrueckii  Oral gavage  Stimulates the induction of acquired Enhance serum titers of influenza  [7]
subsp. bulgaricus OLL107 (viable humoral immunity of anti-PR8- virus-neutralizing antibodies and
3R-1 bacteria) specific IgG and IgA in serum mitigate the adverse reactions of
oseltamivir
Flavonifractor plautii DAT drinking Flavonifractor plautii, produced 1. Delay the rate of body weight [10]
water DAT protected the host by priming  loss in mice following influenza
the amplification loop of type I IFN  virus challenge
signaling and rescued antibiotic- 2. Attenuate lung pathological
treated influenza-infected mice injury and cellular apoptosis
Lactobacillus MI129 Oral gavage  Activation of host defense via the 1. Improved survival and delayed  [11]
(viable gut-lung axis against influenza virus  body weight loss in influenza-
bacteria) infection infected mice
2. Decrease viral loads and
mitigate histopathological changes
in the lungs of influenza-infected
mice
Segmented filamentous Oral gavage  Induce the appearance of CD4" T Enhanced resistance to the [39]
bacteria (viable helper cells that produce IL-17 and  intestinal pathogen
bacteria) IL-22 (Th17 cells) in the lamina
propria and enhance mucosal
immunity
Lactiplantibacillus Oral gavage  The detailed mechanism responsible 1. Increased survival in influenza-  [46]
plantarum Lp J1-8, 330,  (viable for suppressing viral replication infected mice
CK10, 920 bacteria) remains to be fully elucidated 2. Decrease viral loads in the
Leuconostoc lungs of influenza-infected mice
mesenteroides Lm
DRC1506, 218
Lactiplantibacillus Oral gavage  Bacterial components may 1. Improved survival and delayed  [47]
plantarum nF1 (heat- contribute to the anti-influenza virus  body weight loss in influenza-
inactivated effect, but the underlying infected mice
bacteria) mechanism remains to be clarified 2. Decrease viral loads in the
lungs of influenza-infected mice
Limosilactobacillus Oral gavage  Inhibit norovirus infection by the Reduce the titers of norovirus in [49]
fermentum PV22 (viable y-aminobutyric acid (GABA) RAW264.7 cells
bacteria) produced by PV22
Bifidobacterium Oral gavage  Acetic acid produced by NjM 1 1. Promote body weight recovery  [51]
pseudolongum NjM 1 (viable activates the GPR43-NLRP3-MAVS- and prolong survival in influenza-
bacteria) IFN-I pathway to elicit antiviral infected mice
responses 2. Alleviate lung pathological
injury and reduce viral titers
Prevotella copri DSM Oral gavage  Reshape gut microbiota and enhance 1. Improved survival and delayed  [52]
18205 (viable the production of isovaleric acid and body weight loss in influenza-
bacteria) isobutyric acid to mediate antiviral ~ infected mice

activity

2. Alleviate lung pathological
injury and maintain the integrity
of epithelial cells
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