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ABSTRACT

The complex interactions between the host and its microbiome play a crucial role in shaping
immune responses, particularly during viral infections. The human microbiome, consisting of
trillions of microbes residing in various body niches, has been shown to influence the pathogenesis
of viral infections, including respiratory, gastrointestinal, and systemic infections. This article
explores the role of host-microbiome interactions in viral infections, focusing on the mechanisms
through which the microbiome influences immune modulation, viral replication, and disease
outcomes. It highlights the gut microbiota as a central player in regulating immune responses
during viral infections, with particular attention to influenza, hepatitis, and COVID-19.
Understanding these interactions provides new therapeutic avenues for improving viral infection
outcomes through microbiome modulation. This review emphasizes the need for integrating
microbiome-based therapies into infectious disease management.
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INTRODUCTION

Viral infections represent one of the most common causes of disease globally, with a range of
viruses affecting various organs and systems. While the immune system plays a central role in
defending the body against viral pathogens, emerging evidence suggests that the microbiome—
the diverse community of microbes inhabiting the human body—also significantly influences the
course of viral infections. The gut microbiota, in particular, has been implicated in modulating
both innate and adaptive immune responses. Host-microbiome interactions can enhance or
impair the host's ability to combat viral pathogens, influencing viral replication, immune response,
and disease outcomes.

The human microbiome consists of bacteria, viruses, fungi, and other microorganisms, with the
gut microbiota being one of the most studied components due to its substantial impact on systemic
immunity. Dysbiosis, or an imbalance in the microbial community, has been linked to the
development of various diseases, including viral infections. Understanding how the microbiome
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interacts with the host during viral infections is crucial for developing new strategies to enhance
immunity and improve treatment outcomes.

This article explores the role of host-microbiome interactions in viral infections, focusing on
immune modulation, the impact of gut microbiota on viral replication, and the potential of
microbiome-targeted therapies in improving infection outcomes.

1. Microbiome and Immune Modulation in Viral Infections

The microbiome plays a critical role in modulating the host's immune system, influencing both
innate and adaptive immune responses. The diversity and composition of microbial communities
residing in the body can significantly impact the body's ability to respond to viral infections. This
section delves into the influence of the microbiome on innate immunity, its role in adaptive
immune responses, and how microbiota-derived metabolites contribute to immune regulation
during viral infections.

1.1 Influence of the Microbiome on Innate Immunity

Innate immunity is the body's first line of defense against pathogens, including viruses. The
microbiome plays a pivotal role in enhancing the function of various innate immune cells,
including macrophages, dendritic cells, neutrophils, and natural killer (NK) cells. The
microbiome influences pattern recognition receptors (PRRs), such as Toll-like receptors
(TLRs) and NOD-like receptors (NLRs), which are involved in detecting pathogen-associated
molecular patterns (PAMPs) and initiating immune responses.

« Activation of Pattern Recognition Receptors (PRRS):

o The microbiome can influence the activation of PRRs, which are expressed on immune cells like
macrophages and dendritic cells. These receptors recognize specific molecular patterns found in
pathogens, including viruses, and trigger an immune response.

o Studies have shown that the gut microbiota, through its metabolites, can activate TLRs, leading
to the upregulation of cytokines and chemokines, thus enhancing the innate immune response.
« Modulation of Inflammatory Cytokine Production:

o Microbial components, such as lipopolysaccharides (LPS) and peptidoglycans, influence the
production of pro-inflammatory cytokines such as TNF-a, IL-6, and IFN-a, which are essential
in fighting viral infections.

o In viral infections like influenza or COVID-19, excessive inflammation can lead to cytokine
storms, where the immune system overreacts, damaging host tissues. The microbiome helps in
regulating the magnitude and duration of this inflammatory response.

e Influence on Epithelial Barrier Function:

o The epithelial cells lining mucosal surfaces (e.g., gut, respiratory tract) are crucial in preventing
pathogen entry. Microbial signals can strengthen the epithelial barrier, improving its defense
against viral pathogens like respiratory viruses (e.g., influenza and SARS-CoV-2).
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o Dysbiosis, or imbalance in the microbiome, can weaken these barriers, making the host more
susceptible to viral infections.

1.2 Impact of Microbiota on Adaptive Immune Responses

The adaptive immune response is a more specific immune reaction involving the activation of
T-cells and B-cells to recognize and eliminate pathogens. The microbiome, particularly the gut
microbiota, has been shown to modulate adaptive immunity through multiple mechanisms:

o Regulation of T-Cell Differentiation:

o The gut microbiota significantly influences the differentiation and function of T-helper cells
(Thl, Th2, Th1l7) and regulatory T-cells (Tregs), which are essential in controlling
immune responses.

o Th1l cells promote the immune response against intracellular pathogens like viruses, while
Th2 and Th17 cells regulate responses to extracellular pathogens and inflammation.

o Microbial metabolites, such as short-chain fatty acids (SCFAs), influence the balance of
T-helper cell subtypes and promote the differentiation of Tregs, which help in controlling
excessive immune responses.

o B-Cell Activation and Antibody Production:

o The microbiome can also influence B-cell activation and antibody production, which are
essential for recognizing and neutralizing viral pathogens. IgA is the primary antibody
produced in response to gut microbiota signals, playing a significant role in protecting
mucosal surfaces from viral infections.

o Dysbiosis can lead to impaired B-cell function, reducing the body’s ability to produce
specific antibodies against viral infections.

e Cross-Talk between Gut and Peripheral Immune Systems:

o The gut microbiota communicates with systemic immune organs, such as the lymph nodes,
spleen, and bone marrow, through immune cells and soluble factors. This communication
is crucial for priming the adaptive immune response and ensuring a robust and coordinated
attack against viral pathogens.

o For example, in hepatitis C virus infections, gut microbiota-derived signals can modulate
immune responses in the liver, influencing the outcome of the infection.

1.3 Role of Microbiota-Derived Metabolites in Immune Regulation

The metabolites produced by the microbiome are key regulators of immune function, influencing
both the innate and adaptive immune responses during viral infections. These metabolites
include short-chain fatty acids (SCFASs), bile acids, and tryptophan metabolites, all of which
have been shown to modulate immune system activity.

e Short-Chain Fatty Acids (SCFAS):
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o SCFAs, such as acetate, propionate, and butyrate, are produced by gut bacteria through the
fermentation of dietary fibers. These metabolites have anti-inflammatory properties and
influence immune cell differentiation.

o SCFAs can promote the development of Tregs and suppress the activation of pro-
inflammatory Th17 cells, leading to a more balanced immune response. During viral
infections like influenza, SCFASs can help limit excessive inflammation and enhance antiviral
immunity.

« Bile Acids:

o Bile acids, produced in the liver and modified by the gut microbiota, also influence immune
responses. They can modulate T-cell differentiation and macrophage activation, thereby
regulating immune function during viral infections.

o Ininfections like hepatitis, bile acids influence the immune response in the liver, enhancing
or suppressing antiviral activity based on the type of bile acid present.

e Tryptophan Metabolites:

o The metabolism of tryptophan by the gut microbiota produces metabolites like kynurenine
and indole derivatives, which regulate T-cell function. These metabolites can influence
immune tolerance and inflammation, affecting the host's ability to respond to viral infections.

o Inchronic viral infections, such as HIV and hepatitis C, altered tryptophan metabolism may
contribute to immune exhaustion and viral persistence.

« Impact on Viral Replication and Immune Evasion:

o Microbiota-derived metabolites can influence the replication of viruses by modulating the
immune environment. For example, butyrate and other SCFAs inhibit viral replication by
enhancing immune cell activity and suppressing pro-inflammatory cytokine production
that can facilitate viral replication.

o Viruses, however, can also exploit changes in the microbiome and its metabolites to evade
immune responses and persist in the host. A disrupted microbiome may provide a favorable
environment for viral survival, as seen in chronic infections.

The microbiome plays an essential role in modulating immune responses during viral infections.
Through its influence on both innate and adaptive immunity, the microbiome enhances the
body’s ability to recognize, respond to, and eliminate viral pathogens. Microbial metabolites such
as SCFAs, bile acids, and tryptophan metabolites are critical in regulating immune function and
promoting a balanced response, preventing excessive inflammation while supporting antiviral
immunity. The gut microbiota, in particular, is integral in shaping both the local and systemic
immune environment, influencing viral replication, immune cell activation, and the overall
disease outcome. Understanding the interactions between the microbiome and the immune system
opens new avenues for therapeutic strategies, including microbiome modulation and probiotic
therapies, to enhance immune responses and improve viral infection management.

Table 1: Microbiome and Immune Modulation in Viral Infections
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Mechanism of Description Impact on Viral Infections Examples

Immune

Modulation

Innate Immune Microbial signals trigger the Activation of Influenza and

Activation activation of pattern macrophages and respiratory
recognition receptors dendritic cells enhances infections.

(PRRs), such as TLRs, to antiviral responses.
activate immune cells.

Adaptive Microbial interactions Influences the balance of HIV, hepatitis
Immune modulate the production of T- pro-inflammatory and C, and
Response helper cells (Th1, Th2, Th17) regulatory T-cells. influenza.
and cytotoxic T lymphocytes.
Microbial Short-chain fatty  acids SCFAs modulate T-cell COVID-19,
Metabolites (SCFAs), produced by gut differentiation and hepatitis, and
bacteria, influence immune immune tolerance, influenza.
system function and reducing inflammation.
inflammation.

e The microbiome plays a crucial role in regulating the innate and adaptive immune
responses during viral infections. Microbial metabolites, such as short-chain fatty acids
(SCFAs), can enhance immune responses and reduce inflammation, thus aiding in the
resolution of infection.

2. Gut Microbiota and Its Role in Viral Replication

The gut microbiota has emerged as a critical player in modulating the body's response to viral
infections. Recent research has shown that the microbial community in the gut can directly and
indirectly affect viral entry, replication, and pathogenesis in various organs. This section
explores the mechanisms through which the gut microbiota influences viral entry and replication,
with particular emphasis on the gut-lung axis and microbial metabolites, which have significant
implications for respiratory infections and viral replication in target organs.

2.1 Influence of Gut Microbiota on Viral Entry and Replication

The gut microbiota plays a crucial role in regulating the immune environment that impacts viral
entry and replication. Viruses rely on specific receptors to enter host cells, and microbial signals
can modulate the expression of these receptors, thereby affecting the susceptibility of host cells
to viral invasion.

e Receptor Modulation:
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o The gut microbiota influences the expression of viral receptors on epithelial and immune
cells. For example, the presence of certain bacterial species can upregulate the ACE2
receptor, which is the main entry point for SARS-CoV-2 into human cells. This suggests that
the microbiome could potentially increase the susceptibility of the host to infections by
enhancing the expression of viral entry receptors.

o In influenza virus infections, the microbiota has been shown to affect the expression of
virus-associated receptors on respiratory epithelial cells, thus influencing the virus’s ability
to enter and infect cells.

e Immune Modulation and Viral Entry:

o The gut microbiota also influences local immune responses, such as the activation of T-cells,
macrophages, and dendritic cells, which can either enhance or suppress viral entry. By
modulating pro-inflammatory cytokines like TNF-a and IL-6, the microbiota can alter the
permeability of mucosal barriers, facilitating viral entry into host cells.

o In the case of HIV and hepatitis, the gut microbiota can affect viral replication by
modulating the host's immune tolerance and defense mechanisms, either by promoting or
inhibiting immune responses based on the microbial composition.

e Influence on Viral Replication:

o After viral entry, the gut microbiota can influence viral replication by modulating the host's
immune environment. Certain bacterial species can enhance T-cell responses and cytokine
production, providing a supportive environment for viral replication. Conversely, beneficial
microbiota can help limit replication by promoting regulatory immune responses.

o In hepatitis C and HIV infections, dysbiosis (an imbalance in microbiota composition) has
been associated with increased viral load and persistence, possibly by disrupting the immune
homeostasis needed to control viral replication.

2.2 The Gut-Lung Axis and Its Implications for Respiratory Infections

The gut-lung axis refers to the communication between the gut microbiota and the respiratory
system, which has profound implications for viral infections, particularly respiratory viruses like
influenza, SARS-CoV-2, and RSV (Respiratory Syncytial Virus). The microbiota in the gut not
only affects immune responses but also influences the lung immune system, impacting viral
replication and the severity of respiratory infections.

e Immune Cell Trafficking:

o The gut microbiota influences the trafficking of immune cells, particularly T-cells, from
the gut to the lungs. This communication occurs via the mucosal immune system, where
immune cells in the gut are activated and migrate to the lungs in response to infection.

o Forinstance, in influenza infections, changes in the gut microbiota can lead to an enhanced
immune response in the lungs, potentially leading to more severe inflammation and viral
damage. Conversely, a healthy microbiome can help regulate lung inflammation and
improve recovery.

e Inflammatory Mediators:
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o Microbial signals from the gut can influence the production of inflammatory mediators
in the lungs. For example, butyrate, a short-chain fatty acid produced by gut bacteria, has
been shown to modulate lung immune responses and reduce excessive inflammation in
respiratory infections.

o In COVID-19 and influenza, the gut microbiota influences cytokine production in the
lungs, which can affect the severity of cytokine storms, a condition in which the immune
system overreacts, causing tissue damage.

o Dysbiosis and Respiratory Pathogenesis:

o Dysbiosis of the gut microbiota has been implicated in increased susceptibility to
respiratory infections. A disrupted microbiome can weaken the gut-lung axis, leading to
an exaggerated inflammatory response in the lungs, which may worsen outcomes in viral
infections like SARS-CoV-2.

o Studies have shown that individuals with gut dysbiosis have a higher likelihood of
developing severe symptoms and complications during respiratory viral infections,
indicating the importance of a balanced microbiome in controlling viral pathogenesis.

2.3 Microbial Metabolites and Their Effect on Viral Replication in Target Organs

The microbiome produces a variety of metabolites that influence the host’s immune system and
viral replication in target organs. These microbial metabolites can either promote or suppress
viral replication, depending on the nature of the metabolite and the target organ affected.

e Short-Chain Fatty Acids (SCFAS):

o SCFAs, including acetate, butyrate, and propionate, are produced by the fermentation of
dietary fibers by gut bacteria. These metabolites have been shown to modulate immune
responses and influence viral replication by enhancing immune tolerance and reducing
inflammation.

o In respiratory viral infections, such as influenza and COVID-19, butyrate helps
modulate the immune response in the lungs, potentially reducing viral replication and
limiting inflammatory damage to the lungs.

e Bile Acids:

o Bile acids, which are synthesized in the liver and modified by gut bacteria, can influence
viral replication by modulating immune responses. For example, primary bile acids like
cholic acid and chenodeoxycholic acid can alter immune responses in the liver, impacting
the replication of hepatitis viruses and other liver-infecting pathogens.

o Studies have shown that bile acid metabolism by the microbiome influences the outcome
of hepatitis B and hepatitis C infections, potentially by either promoting or inhibiting viral
replication in the liver.

e Tryptophan Metabolites:

o Tryptophan is metabolized by gut microbiota into various metabolites, such as kynurenine
and indoles, which regulate immune responses. These metabolites are involved in
maintaining immune homeostasis and can influence viral replication in target organs like
the liver and lungs.
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o Inchronic HIV and hepatitis C infections, altered tryptophan metabolism is associated with
immune exhaustion and viral persistence, suggesting that microbial modulation of
tryptophan metabolism can play a key role in viral replication dynamics.

o Lactate and Propionate:

o Lactate and propionate, also produced by gut microbiota, can influence viral replication
by modulating immune cell activity and the host's inflammatory response. In
gastrointestinal viral infections, these metabolites help regulate immune cells in the gut,
which can affect viral replication in the gut-associated lymphoid tissue (GALT).

The gut microbiota plays a significant role in viral replication by modulating immune responses
and influencing the entry and replication of viruses in various target organs. The gut-lung axis
serves as an important route for the communication between gut microbiota and the respiratory
immune system, influencing viral infections such as influenza and COVID-19. Microbial
metabolites, including SCFAs, bile acids, and tryptophan metabolites, have profound effects on
the immune response and viral replication. Understanding these interactions is crucial for
developing new therapeutic strategies, such as microbiome modulation and metabolite-based
therapies, to combat viral infections and improve disease outcomes.

Table 2: Gut Microbiota and Its Role in Viral Replication

Mechanism

Gut-Lung Axis

Viral
Modulation

Influence
Microbial
Metabolites

Entry

of

Description

Microbes in the gut influence
the immune responses in the

lungs via immune cell
trafficking and  cytokine
release.

Microbial signals can affect
the expression of viral
receptors on host cells.

Metabolites like SCFAs and
bile acids influence viral
replication by modulating
immune cell responses.

Impact on Viral Replication
Modulates susceptibility to
respiratory viral
infections, including
influenza and SARS-CoV-
2.

Alters the susceptibility of
cells to viral entry and
replication.

SCFAs reduce
inflammation and enhance
immune responses to clear
viral infections.

Examples

COVID-19,
influenza

Hepatitis C,
enteric
viruses

HIV,
hepatitis, and
rotavirus.

e The gut-lung axis illustrates how gut microbes can influence viral infections in distant
organs, such as the lungs, through the immune system. The microbiome also affects viral
entry by modulating the expression of viral receptors on host cells.

3. Therapeutic Potential of Microbiome Modulation in Viral Infections

As the understanding of host-microbiome interactions deepens, the therapeutic potential of
microbiome modulation in viral infections has garnered increasing attention. By influencing the
gut microbiota, it is possible to enhance the body’s immune responses, modulate inflammation,
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and ultimately reduce the severity of viral infections. This section explores three key therapeutic
strategies: Fecal microbiota transplantation (FMT), probiotic therapies, and the impact of
antibiotics on the microbiome. It also discusses the future prospects of microbiome-based
therapeutics for managing viral infections.

3.1 Fecal Microbiota Transplantation (FMT) and Probiotic Therapies

Fecal microbiota transplantation (FMT) and probiotic therapies are emerging treatments that
focus on restoring a healthy microbial balance in the gut to support immune function and combat
viral infections. Both strategies aim to correct dysbiosis, a condition where the microbial
community is out of balance, which has been linked to various chronic viral infections and
immune-related diseases.

e Fecal Microbiota Transplantation (FMT):

o FMT involves transferring fecal matter from a healthy donor to a recipient to restore a
balanced microbiome. This therapy has gained attention for its success in treating
Clostridium difficile infections, and its application is now expanding to other infections,
including viral diseases.

o In the context of viral infections, FMT has shown promise in HIV and hepatitis C
treatment. By restoring a healthy gut microbiota, FMT can potentially enhance immune
responses, improve immune tolerance, and reduce viral replication. Some studies suggest
that FMT may improve the gut-associated lymphoid tissue (GALT) function, thereby
strengthening the overall immune system and reducing inflammation associated with
chronic viral infections.

o Research is also exploring the potential of FMT in enhancing immune responses against
respiratory viruses like influenza and SARS-CoV-2, where a balanced microbiome
could help modulate lung immunity and limit viral replication.

e Probiotic Therapies:

o Probiotics are live microorganisms that provide health benefits when consumed in adequate
amounts. Probiotics can positively influence the immune system, enhance gut barrier
function, and modulate inflammatory responses, making them an attractive option in
managing viral infections.

o Probiotics such as Lactobacillus, Bifidobacterium, and Saccharomyces boulardii have
shown potential in improving immune responses and reducing viral replication. For
example, Lactobacillus rhamnosus GG has been shown to modulate innate immune
cells and improve resistance to viral infections such as the common cold and influenza.

o In HIV management, probiotics help reduce gut inflammation, restore gut permeability,
and improve the balance of microbial populations, which may aid in controlling viral
replication and immune dysregulation.

By restoring balance to the microbiome, both FMT and probiotics can play significant roles in
managing viral infections, especially those that involve chronic inflammation or immune
dysregulation.
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3.2 Antibiotics and Their Impact on Microbiome Composition and Viral Infection

Antibiotics are commonly used to treat bacterial infections, but their overuse or misuse can lead
to significant changes in the microbiome composition, which can, in turn, impact viral infection
outcomes. Antibiotics have the potential to disrupt the delicate balance of the gut microbiota,
causing dysbiosis, which can increase susceptibility to viral infections.

o Impact of Antibiotics on Microbiome:

o Antibiotic treatment can reduce the diversity of the microbiome, depleting beneficial bacteria
while promoting the growth of pathogenic organisms. This disruption can impair the gut’s
ability to regulate immune responses, making the body more susceptible to viral infections.

o Inthe context of viral infections, antibiotic-induced dysbiosis has been linked to increased
viral replication and more severe outcomes. For example, in influenza infections,
antibiotics can alter the microbiome and enhance viral replication in the lungs, leading to
more severe disease.

o Antibiotic use in HIV treatment has been shown to significantly impact the gut microbiota,
potentially exacerbating viral load and immune depletion. Antibiotics can increase the gut’s
permeability, facilitating the entry of viral particles and immune cells, which may worsen
viral persistence.

« Antibiotic Stewardship in Viral Infections:

o While antibiotics are not effective against viruses, they are often prescribed alongside
antiviral treatments due to secondary bacterial infections. Antibiotic stewardship is
essential in ensuring that antibiotics are only used when necessary, to avoid unnecessary
disruptions to the microbiome.

o The post-antibiotic period, where the microbiome is recovering, offers a potential window
for probiotic therapy or other microbiome-modulating treatments to help restore balance
and improve the outcome of subsequent viral infections.

Understanding the delicate balance between antibiotic use and microbiome health is crucial for
managing viral infections effectively. Minimizing unnecessary antibiotic use and using
microbiome-modulating therapies can improve viral infection outcomes.

3.3 Future Prospects for Microbiome-Based Therapeutics in Viral Infection Management

As our understanding of the microbiome’s role in viral infections deepens, the future of
microbiome-based therapeutics holds promise for improving viral infection management.
Several areas are likely to see significant developments:

o Personalized Microbiome Therapies:

o The future of microbiome-based therapies may involve personalized treatment
approaches based on an individual’s microbiome profile. This could involve tailored
probiotic therapies, FMT, or even microbial gene therapies to optimize immune
responses and combat viral infections more effectively.
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o Byanalyzing the microbiome of patients with chronic viral infections like HIV or hepatitis,
clinicians could identify microbial signatures associated with viral persistence or immune
dysregulation, and customize treatments accordingly.

« Microbial-Based Vaccines and Antiviral Strategies:

o Emerging research is exploring the potential of microbial-based vaccines and antiviral
strategies that leverage the microbiome to stimulate an immune response against viruses.
For example, certain microbial metabolites could be used to enhance vaccine efficacy or
serve as adjuvants to boost immune responses against respiratory viruses like influenza
or COVID-109.

e Microbiome Engineering and Synthetic Biology:

o Advances in synthetic biology and microbiome engineering could enable the development
of custom-designed microbiomes that are optimized to combat viral infections. These
engineered microbiomes could be used to restore immune function, enhance viral clearance,
and improve the body’s ability to resist infections.

o Gene editing technologies like CRISPR may also be applied to modify the microbiome in
specific ways to increase its resistance to viral infections, providing a novel approach to
controlling viral pathogenesis.

o Biomarker Development for Microbiome-Based Therapeutics:

o Developing biomarkers that reflect the state of the microbiome and its influence on viral
infections is essential for the monitoring and personalization of microbiome-based
therapies. These biomarkers could be used to track the effectiveness of treatments like FMT,
probiotics, or antibiotics, allowing for real-time adjustments to improve patient
outcomes.

Microbiome modulation offers a promising approach to managing viral infections by restoring a
balanced microbiome, improving immune function, and reducing viral replication. Fecal
microbiota transplantation (FMT) and probiotic therapies have shown great potential in
modulating immune responses and enhancing the host’s ability to resist viral infections. However,
antibiotics, while effective for bacterial infections, can disrupt the microbiome and potentially
exacerbate viral infections. Future advancements in microbiome-based therapeutics hold
promise, with strategies ranging from personalized microbiome treatments to microbiome
engineering. As research continues to unravel the complexities of the host-microbiome
interactions, microbiome modulation is expected to become an integral part of viral infection
management.

Table 3: Therapeutic Potential of Microbiome Modulation in Viral Infections

Therapeutic Description Impact on Viral Examples

Strategy Infections

Fecal Microbiota Transfer of healthy gut Restores gut flora, Clostridium difficile
Transplantation microbiota to restore a enhancing immune infection, HIV
(FMT) balanced microbiome.
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function and viral

defense.

Probiotic Therapy  Administration of Improves immune Influenza, hepatitis
beneficial bacteria to modulation, B, gastrointestinal
enhance immune potentially reducing infections
responses. viral replication.

Antibiotics and Antibiotics alter Disrupts the HIV, Hepatitis C,

Dysbiosis microbiome composition, microbial balance, influenza
potentially increasing potentially
susceptibility to viral promoting viral
infections. overgrowth.

« FMT and probiotic therapies are emerging as promising treatments to restore microbial
balance, potentially improving immune function and modulating viral replication.
Antibiotics can disrupt the microbiome and increase susceptibility to infections,
highlighting the importance of microbiome-preserving therapies.

Summary:

Host-microbiome interactions play a critical role in shaping the immune responses during viral
infections. The gut microbiota has a central role in modulating innate and adaptive immune
responses, influencing viral replication and disease outcomes. Microbial metabolites, such as
SCFAs, are involved in regulating immune tolerance and reducing inflammation, thus enhancing
the host's ability to control viral infections. The gut-lung axis further emphasizes the
interconnectedness between microbiota and viral infections in different organs, such as the lungs.

Therapeutic strategies, including fecal microbiota transplantation (FMT), probiotics, and
careful use of antibiotics, offer new avenues for modulating the microbiome to enhance viral
defense. Understanding these interactions provides a new dimension to treating viral infections,
particularly in high-burden countries where infections such as COVID-19, hepatitis, and
influenza continue to be major health challenges. By exploring microbiome-based therapies,
researchers and clinicians may uncover novel treatments for viral infections and improve patient
outcomes.
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