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Forward 

The aftermath of the COVID-19 pandemic, 

compounded by the widespread administration of 

the experimental vaccine, has left an indelible 

mark on modern medicine, contributing to an 

alarming rise in premature deaths from a 

multitude of complex and often unrecognized 

causes. As clinicians specializing in the treatment 

of traumatic brain injury (TBI) and its long-term 

sequelae, we have observed a distinct 

subpopulation of patients whose recovery 

trajectories diverge markedly from the expected 

course. Unlike the majority, who demonstrate 

steady neurological and cognitive improvements, 

this group exhibits erratic progress, characterized 

by alternating periods of symptomatic relief and 

exacerbation—without an immediately 

discernible cause. 

It wasn’t until we broadened our investigative 

lens to include the gut microbiome that the 

missing link began to emerge. Initially, many of 

these patients appeared to be gut-asymptomatic, 

showing no overt signs of gastrointestinal 

distress, such as nausea, bloating, diarrhea, 

constipation, or abnormal flatulence. Others, 

however, exhibited clear GI dysfunction, 

prompting us to delve deeper into the intricate 

gut-brain connection. What we uncovered was a 

profound disruption in microbial diversity and 

gut barrier integrity, influencing 

neuroinflammation, immune regulation, and 

systemic health—factors that may have been 

overlooked in post-COVID and post-vaccine 

evaluations. 

This realization has propelled us to redefine our 

approach, recognizing that neurological recovery 

is inextricably linked to gut health. By addressing 

dysbiosis, intestinal permeability, and 

microbiome restoration, we are uncovering new  

pathways to healing, offering hope to those who 

have struggled to reclaim their cognitive and 

physical well-being in the wake of this 

unprecedented medical crisis. 

Introduction 

The ongoing global pandemic of coronavirus 

disease 2019 (COVID-19) is caused by the RNA 

virus severe acute respiratory syndrome 

coronavirus type 2 (SARS-CoV-2), which 

primarily infects the respiratory tract. However, 

beyond pulmonary manifestations, 

gastrointestinal (GI) symptoms such as diarrhea, 

nausea, and vomiting have been reported in 

approximately 5%–33% of COVID-19 patients. 

Studies have detected SARS-CoV-2 RNA in stool 

samples and anal swabs, suggesting that the 

digestive tract serves as an extra-pulmonary site 

of infection. 

The GI tract, as the largest immune organ in 

humans, plays a crucial role in host defense 

mechanisms against infections. Within it resides 

the gut microbiome—a diverse ecosystem of 

bacteria, fungi, viruses, and other 

microorganisms—which actively modulates host 

immunity. Emerging research has demonstrated 

that COVID-19 disrupts the gut microbiome, 

leading to significant alterations in microbial 

diversity and composition. Specifically, patients 

with COVID-19 exhibit a depletion of beneficial 

bacteria (e.g., Faecalibacterium prausnitzii and 

Bifidobacterium spp.) and an overgrowth of 

opportunistic pathogens (e.g., Clostridium 

hathewayi and Bacteroides nordii). 

The interplay between SARS-CoV-2 infection 

and gut microbiome dysbiosis may contribute to 

disease severity, immune dysfunction, and 

persistent symptoms seen in long COVID. The 

presence of the virus in the gut alters microbial 

ecology, weakens immune defenses, and 

promotes gut barrier dysfunction, facilitating 

systemic inflammation. Additionally, microbial 

imbalances may hinder post-COVID-19 
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microbiome recovery, prolonging health 

complications. 

This review examines the impact of COVID-19 

on the human gut microbiome, detailing its 

effects on bacterial, fungal, and viral populations 

and their implications for immune responses and 

disease progression. 

The Guardians of the Gut 

Bifidobacterium spp.: The Cornerstone of 

Gut Health and Immunity 

Bifidobacterium is a foundational genus of 

probiotic bacteria, celebrated for its indispensable 

role in maintaining gut homeostasis, fortifying 

immune defenses, and promoting overall well-

being. These beneficial microbes are among the 

earliest colonizers of the human gut, shaping the 

microbial landscape from infancy and continuing 

to play a pivotal role in digestive health, 

metabolic function, and immune regulation 

throughout life. 

A hallmark feature of Bifidobacterium is its 

ability to produce short-chain fatty acids 

(SCFAs), particularly acetate, which serves as 

both a metabolic fuel for intestinal epithelial cells 

and a powerful reinforcer of gut barrier integrity. 

By nourishing the mucosal lining and modulating 

gut permeability, Bifidobacterium acts as a first 

line of defense against harmful pathogens, 

preventing their colonization and reducing the 

risk of gastrointestinal infections, inflammation, 

and systemic immune dysregulation. 

Beyond structural support, Bifidobacterium 

exerts profound immunomodulatory effects. It 

interacts closely with gut-associated lymphoid 

tissue (GALT), a key player in immune 

surveillance, to fine-tune immune responses. 

Through this interaction, Bifidobacterium helps 

balance pro-inflammatory and anti-inflammatory 

pathways, reducing excessive immune activation 

and lowering the risk of autoimmune disorders 

and chronic inflammatory diseases. 

A decline in Bifidobacterium is strongly 

associated with gut dysbiosis, increased intestinal 

permeability ("leaky gut"), and heightened 

systemic inflammation, creating a cascade of 

metabolic and immune dysfunctions. Notably, 

studies have observed a significant depletion of 

Bifidobacterium in COVID-19 patients, which 

may contribute to worsened disease outcomes, 

prolonged inflammation, and reduced 

microbiome resilience post-infection. 

Given its profound influence on gut, immune, and 

metabolic health, Bifidobacterium is widely 

recognized as a therapeutic target in probiotic 

interventions, with emerging research exploring 

its potential in enhancing antiviral immunity, 

restoring microbiome equilibrium, and mitigating 

the long-term effects of infections like COVID-

19. 

Akkermansia muciniphila: The Guardian 

of Gut Barrier Integrity 

Akkermansia muciniphila is a keystone bacterium 

in gut health, renowned for its pivotal role in 

maintaining intestinal barrier integrity and 

metabolic balance. As a specialist in mucin 

degradation, Akkermansia thrives within the 

protective mucus layer lining the intestines, 

where it plays a dual role—nourishing the gut 

lining while reinforcing its defense mechanisms. 

By stimulating the production of mucin, this 

bacterium ensures a robust barrier against 

pathogens while fostering a symbiotic 

relationship with the host. 

Beyond its structural benefits, Akkermansia 

muciniphila exerts profound metabolic and 

immunomodulatory effects. It enhances the 

secretion of glucagon-like peptide-1 (GLP-1), a 

crucial hormone that regulates insulin sensitivity, 

glucose metabolism, and appetite control, making 

it a powerful ally in the fight against metabolic 

disorders. Research has consistently shown that 

higher levels of Akkermansia are associated with 

lower inflammation, improved lipid metabolism, 

and reduced risk of obesity and type 2 diabetes—

conditions that significantly elevate the severity 

of COVID-19 infections. 

A decline in Akkermansia muciniphila has been 

observed in individuals with gut dysbiosis, 

chronic inflammation, and metabolic syndrome, 

leading to increased intestinal permeability 

("leaky gut"), systemic inflammation, and 

heightened susceptibility to infections. Given its 

far-reaching influence on gut and immune health, 

Akkermansia is increasingly recognized as a 

therapeutic target for restoring microbiome 
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balance, with emerging research exploring its 

potential in probiotic supplementation and 

precision medicine strategies for COVID-19 

recovery and metabolic health optimization. 

Lactobacillus spp.: The Gut’s Frontline 

Defenders 

Lactobacillus species are among the most 

versatile and beneficial probiotic bacteria, 

renowned for their ability to fortify the gut 

microbiome, enhance immune function, and 

protect against pathogenic invasion. As powerful 

lactic acid producers, these microbes actively 

ferment carbohydrates into lactic acid, creating a 

mildly acidic gut environment that inhibits the 

growth of harmful bacteria, such as Escherichia 

coli and Clostridium difficile. This pH 

modulation is a key factor in maintaining 

microbial balance and preventing infections, 

particularly in individuals with compromised 

immunity. 

Beyond their antimicrobial properties, 

Lactobacillus species play a critical role in 

mucosal immunity. They stimulate the production 

of secretory immunoglobulin A (sIgA), a key 

antibody that coats the intestinal lining, 

neutralizing pathogens before they can breach the 

gut barrier. Additionally, Lactobacillus reinforces 

tight junction integrity, preventing intestinal 

hyperpermeability ("leaky gut"), which is 

associated with chronic inflammation, 

autoimmune conditions, and systemic infections. 

Certain strains, such as Lactobacillus rhamnosus, 

go a step further by producing bacteriocins, 

potent antimicrobial peptides that directly combat 

harmful microbes, further strengthening the gut’s 

defenses. This ability to modulate immune 

responses and outcompete pathogens makes 

Lactobacillus an essential player in 

gastrointestinal and immune homeostasis. 

Alarmingly, research has revealed that COVID-

19 significantly depletes Lactobacillus 

populations, contributing to gut dysbiosis, 

increased inflammation, and weakened immune 

resilience. The loss of these beneficial bacteria 

may exacerbate prolonged inflammation, gut 

permeability issues, and post-viral immune 

dysfunction seen in long COVID. 

Due to its profound influence on gut health, 

immunity, and inflammation control, 

Lactobacillus is increasingly recognized as a 

therapeutic target in probiotic strategies aimed at 

restoring microbial equilibrium, reducing 

systemic inflammation, and supporting recovery 

from infections like COVID-19. 

Faecalibacterium prausnitzii: The Anti-

Inflammatory Powerhouse of the Gut 

Faecalibacterium prausnitzii is a cornerstone of 

gut health and immune regulation, widely 

regarded as one of the most beneficial and 

abundant commensal bacteria in the human 

microbiome. As a potent butyrate producer, this 

bacterium plays a pivotal role in gut barrier 

maintenance, immune modulation, and 

inflammation control. 

Butyrate, the primary metabolic byproduct of F. 

prausnitzii, serves as an essential energy source 

for colonocytes, the epithelial cells lining the 

intestines. This nourishment of the gut lining 

enhances intestinal barrier integrity, reducing gut 

permeability ("leaky gut") and preventing the 

translocation of harmful microbial byproducts 

into the bloodstream—a key driver of chronic 

inflammation and systemic immune activation. 

Beyond structural support, F. prausnitzii exerts 

profound anti-inflammatory effects by actively 

suppressing the production of pro-inflammatory 

cytokines, including tumor necrosis factor-alpha 

(TNF-α), interleukin-6 (IL-6), and interferon-

gamma (IFN-γ). At the same time, it promotes the 

release of anti-inflammatory cytokines such as 

interleukin-10 (IL-10), fostering immune balance 

and protecting against autoimmune and 

inflammatory disorders. 

Studies have consistently shown that F. 

prausnitzii is significantly depleted in patients 

with inflammatory diseases, including Crohn’s 

disease, ulcerative colitis, and metabolic 

syndrome. More recently, COVID-19 has been 

linked to a sharp decline in F. prausnitzii, 

contributing to intestinal dysbiosis, increased 

oxidative stress, and heightened inflammatory 

responses—factors that may worsen disease 

severity and hinder post-infection recovery. 

Given its profound immunoregulatory and gut-

protective properties, F. prausnitzii has emerged 
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as a therapeutic target in microbiome-based 

interventions, with probiotic and prebiotic 

strategies being explored to restore its 

populations, combat inflammation, and support 

recovery from immune-related conditions, 

including long COVID. 

Roseburia spp.: The Butyrate-Producing 

Guardian of Gut and Immune Health 

Roseburia is a keystone butyrate-producing 

bacterium that plays a fundamental role in 

maintaining gut integrity, immune balance, and 

systemic health. As a major producer of short-

chain fatty acids (SCFAs), particularly butyrate, 

Roseburia contributes to intestinal barrier 

fortification, ensuring the gut lining remains 

resilient against pathogen invasion and 

inflammatory insults. Butyrate not only serves as 

a critical energy source for colonocytes, the cells 

lining the gut, but also reinforces tight junctions, 

reducing intestinal permeability ("leaky gut"), 

which is a known driver of chronic inflammation 

and immune dysregulation. 

Beyond its role in gut homeostasis, Roseburia is 

a potent immune modulator, particularly in 

fostering immune tolerance. It actively promotes 

the differentiation of regulatory T cells (Tregs), 

which are essential for controlling excessive 

immune activation and preventing autoimmune 

responses. This ability to fine-tune the immune 

system is especially crucial in inflammatory 

conditions, as dysregulated immune responses 

can lead to widespread tissue damage and chronic 

disease progression. 

Emerging research has revealed a significant 

depletion of Roseburia in COVID-19 patients, 

correlating with increased systemic 

inflammation, heightened gut permeability, and a 

greater susceptibility to gut-derived 

endotoxemia— a condition where bacterial 

toxins enter circulation and exacerbate immune 

dysfunction. Given its role in reducing 

inflammation, supporting gut-brain 

communication, and reinforcing immune 

defenses, Roseburia is increasingly recognized as 

a therapeutic target in microbiome restoration 

strategies aimed at mitigating post-viral 

complications and enhancing long-term recovery 

from infections such as COVID-19. 

The Synergy of the Microbiome: A 

Unified Defense System for Gut, 

Immunity, and Brain Health 

The human gut microbiome is not merely a 

collection of individual bacterial species but a 

highly coordinated ecosystem, where different 

microbes work in concert to maintain gut 

integrity, regulate immune responses, and protect 

brain function. This intricate synergy among key 

bacterial species—including Faecalibacterium 

prausnitzii, Bifidobacterium spp., Lactobacillus 

spp., Roseburia spp., and Akkermansia 

muciniphila—ensures that the gut functions as a 

fortified barrier, a metabolic powerhouse, and an 

immune-regulating hub. When this delicate 

balance is disrupted, the consequences extend far 

beyond the digestive system, contributing to 

chronic inflammation, autoimmune dysfunction, 

and neurodegenerative diseases. 

Fortifying the Gut Barrier: The First Line 

of Defense 

A healthy gut lining serves as the body’s primary 

defense against harmful pathogens, toxins, and 

environmental stressors. This protective barrier 

relies heavily on the presence of butyrate-

producing bacteria, such as Faecalibacterium 

prausnitzii and Roseburia spp., which generate 

essential short-chain fatty acids (SCFAs), 

including butyrate, acetate, and propionate. These 

SCFAs play a crucial role in maintaining 

intestinal integrity by acting as a primary energy 

source for colonocytes, the cells that line the gut, 

thereby strengthening the structural foundation of 

the intestinal lining. Additionally, they enhance 

tight junction proteins, reducing the likelihood of 

increased gut permeability, commonly referred to 

as “leaky gut,” which can allow endotoxins to 

enter the bloodstream and trigger systemic 

inflammation. By modulating immune responses, 

these SCFAs also help to suppress the production 

of pro-inflammatory cytokines such as TNF-α 

and IL-6, effectively lowering inflammation 

within the gut and throughout the body. 

Beyond butyrate production, Akkermansia 

muciniphila plays a critical role in maintaining 
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the gut’s protective mucus layer by facilitating 

mucin degradation and renewal. This process 

ensures that the intestinal lining remains robust 

and acts as a buffer against harmful bacterial 

infiltration while simultaneously creating a 

nutrient-rich environment that supports the 

growth of other beneficial microbes. Working 

synergistically, Bifidobacterium spp. contributes 

to this protective network by fermenting dietary 

fibers into SCFAs, which not only fuel 

colonocytes but also help sustain a balanced and 

diverse microbiota. Together, these microbial 

communities reinforce the gut barrier, reducing 

the risk of inflammation-driven diseases and 

fostering overall systemic health. 

Enhancing the Immune System: Gut Microbes 

as Immune Regulators 

The gut microbiome is intricately connected to 

the immune system, with nearly 70% of immune 

cells residing within the gut-associated lymphoid 

tissue (GALT). This microbial ecosystem plays a 

crucial role in maintaining immune homeostasis 

by regulating inflammation, defending against 

pathogens, and preventing immune 

overactivation. A balanced microbiome fosters an 

immune response that is neither too weak to fight 

infections nor too aggressive to trigger 

autoimmune reactions. 

Among the key microbial players, Roseburia spp. 

and Faecalibacterium prausnitzii support 

immune tolerance by driving the differentiation 

of regulatory T cells (Tregs), which are essential 

for suppressing excessive immune activation and 

preventing autoimmune disorders. At the same 

time, Lactobacillus spp. enhances mucosal 

immunity by stimulating the production of 

secretory immunoglobulin A (sIgA), an antibody 

that coats the intestinal lining, neutralizing 

harmful pathogens and maintaining a protective 

barrier. Meanwhile, Bifidobacterium spp. and 

Faecalibacterium prausnitzii contribute to 

immune modulation by producing short-chain 

fatty acids (SCFAs), which help balance cytokine 

production. These beneficial bacteria reduce pro-

inflammatory cytokines such as TNF-α while 

increasing levels of the anti-inflammatory 

cytokine IL-10, which helps prevent chronic 

systemic inflammation associated with 

autoimmune diseases, metabolic syndrome, and 

long COVID. 

When the gut microbiome becomes 

imbalanced—whether due to COVID-19, 

antibiotic overuse, or a poor diet—the immune 

system can become dysregulated. This disruption 

may lead to a state of hyperactivation, increasing 

the risk of autoimmune disorders and chronic 

inflammation, or compromise immune function, 

making the body more susceptible to infections. 

By maintaining microbial diversity and 

supporting the symbiotic relationship between 

gut bacteria and the immune system, the 

microbiome serves as a critical regulator of 

immune resilience and overall health. 

Protecting the Brain: The Gut-Brain Axis in 

Action 

The gut microbiome is deeply intertwined with 

brain health, engaging in constant bidirectional 

communication through the gut-brain axis. This 

complex network of signaling pathways 

influences mood, cognition, and neurological 

resilience, making the gut microbiome a critical 

player in mental and cognitive well-being. When 

the microbiome is balanced, it supports 

neurotransmitter production, vagus nerve 

activity, and neuroinflammation control, all of 

which contribute to optimal brain function. 

One of the key ways the gut impacts the brain is 

through neurotransmitter production. 

Lactobacillus and Bifidobacterium species 

synthesize essential neurotransmitters such as 

gamma-aminobutyric acid (GABA) and 

serotonin, both of which are critical for mood 

stability, stress resilience, and emotional 

regulation. With nearly 90% of the body’s 

serotonin being produced in the gut, an imbalance 

in these microbial populations can lead to 

depression, anxiety, and cognitive impairment. 

Another important mechanism is vagus nerve 

signaling, which serves as a direct 

communication highway between the gut and the 

brain. Short-chain fatty acids (SCFAs) produced 

by Roseburia and Faecalibacterium stimulate 

vagal nerve activity, which helps reduce 

neuroinflammation and support cognitive clarity. 

This interaction is vital in preventing 

neurodegenerative diseases and cognitive decline 
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by maintaining a balanced inflammatory 

response and promoting brain plasticity. 

Additionally, the gut microbiome plays a pivotal 

role in controlling neuroinflammation, a key 

factor in conditions such as Alzheimer’s disease, 

Parkinson’s disease, and depression. By lowering 

systemic inflammation, beneficial gut bacteria 

help mitigate the harmful effects of chronic 

immune activation, which can contribute to 

blood-brain barrier dysfunction, oxidative stress, 

and neuronal damage. 

When gut dysbiosis occurs—whether due to 

COVID-19, chronic stress, poor diet, or 

environmental toxins—it can disrupt serotonin 

production, weaken vagus nerve signaling, and 

increase systemic inflammation, all of which 

have been implicated in neurodegenerative 

diseases, brain fog, and anxiety disorders. 

Understanding and nurturing the gut-brain axis 

through microbiome restoration strategies offers 

a promising pathway to improving neurological 

health, mental clarity, and emotional well-being. 

Conclusion: A Unified Microbial Network 

for Optimal Health 

The synergy of the microbiome is what makes it 

such a powerful determinant of health. 

Bifidobacterium, Lactobacillus, Roseburia, 

Faecalibacterium, and Akkermansia function as 

a collaborative defense network, each playing a 

unique role in fortifying the gut, enhancing 

immunity, and protecting the brain. When in 

balance, this microbial ecosystem: 

     Prevents systemic inflammation 

     Strengthens gut barrier integrity 

     Enhances immune tolerance and pathogen 

defense 

     Supports cognitive health and mood 

regulation 

Recognizing the profound influence of the gut 

microbiome on whole-body health highlights the 

necessity of nurturing it through diet, lifestyle, 

and targeted probiotic interventions—a strategy 

that may hold the key to resilient immunity, 

longevity, and neurological vitality in a post-

pandemic world. 

Addressing the Veteran Population 

As of October 2021, over 95% of the 1.4 million 

active-duty U.S. military service members had 

received at least one dose of the COVID-19 

vaccine (Military Health System 2024). 

Specifically, the U.S. Army reported that 98% of 

its active-duty soldiers were vaccinated, with 

96% fully vaccinated by December 2021. (Army 

2021) 

However, it's important to note that these figures 

primarily reflect active-duty personnel, and 

comprehensive data for all branches, including 

reserves and the National Guard, are not 

uniformly detailed in the available sources. 

Additionally, the Department of Defense 

rescinded the COVID-19 vaccine mandate on 

January 10, 2023, allowing service members 

previously discharged for vaccine refusal to 

request reinstatement. (Army 2025) Therefore, 

vaccination rates may have changed post-

mandate rescission. 
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The Bacteria of the Gut 

 

 

References 

1. Carfi, A.; Bernabei, R.; Landi, F. Persistent Symptoms in 
Patients After Acute COVID-19. JAMA 2020, 324, 603–605. 

[Google Scholar] [CrossRef] [PubMed] 

2. Nalbandian, A.; Sehgal, K.; Gupta, A.; Madhavan, M.V.; 
McGroder, C.; Stevens, J.S.; Cook, J.R.; Nordvig, A.S.; 

Shalev, D.; Sehrawat, T.S.; et al. Post-acute COVID-19 

syndrome. Nat. Med. 2021, 27, 601–615. [Google Scholar] 

[CrossRef] [PubMed] 

3. Munblit, D.; O’Hara, M.E.; Akrami, A.; Perego, E.; Olliaro, P.; 

Needham, D.M. Long COVID: Aiming for a 
consensus. Lancet Respir. Med. 2022, 10, 632–634. [Google 

Scholar] [CrossRef] 

4. Datta, S.D.; Talwar, A.; Lee, J.T. A Proposed Framework and 

Timeline of the Spectrum of Disease Due to SARS-CoV-2 

Infection: Illness Beyond Acute Infection and Public Health 

Implications. JAMA 2020, 324, 2251–2252. [Google Scholar] 

[CrossRef] 

5. Halpin, S.J.; McIvor, C.; Whyatt, G.; Adams, A.; Harvey, O.; 

McLean, L.; Walshaw, C.; Kemp, S.; Corrado, J.; Singh, R.; et 
al. Postdischarge symptoms and rehabilitation needs in 

survivors of COVID-19 infection: A cross-sectional 

evaluation. J. Med. Virol. 2021, 93, 1013–1022. [Google 

Scholar] [CrossRef] [PubMed] 

6. Afrin, L.B.; Weinstock, L.B.; Molderings, G.J. COVID-19 
hyperinflammation and post-COVID-19 illness may be rooted 

in mast cell activation syndrome. Int. J. Infect. Dis. 2020, 100, 

327–332. [Google Scholar] [CrossRef] 

7. Sawadogo, S.A.; Dighero-Kemp, B.; Ouedraogo, D.D.; 

Hensley, L.; Sakande, J. How NETosis could drive “Post-

COVID-19 syndrome” among survivors. Immunol. 

Lett. 2020, 228, 35–37. [Google Scholar] [CrossRef] 

8. Tale, S.; Ghosh, S.; Meitei, S.P.; Kolli, M.; Garbhapu, A.K.; 

Pudi, S. Post-COVID-19 pneumonia pulmonary 
fibrosis. QJM 2020, 113, 837–838. [Google Scholar] 

[CrossRef] 

9. Eapen, M.S.; Lu, W.; Gaikwad, A.V.; Bhattarai, P.; Chia, C.; 

Hardikar, A.; Haug, G.; Sohal, S.S. Endothelial to 

mesenchymal transition: A precursor to post-COVID-19 

interstitial pulmonary fibrosis and vascular obliteration? Eur. 

Respir. J. 2020, 56, 2003167. [Google Scholar] [CrossRef] 

10. Aktas, B.; Aslim, B. Gut-lung axis and dysbiosis in COVID-

19. Turk. J. Biol. 2020, 44, 265–272. [Google Scholar] 

[CrossRef] 

11. Allali, I.; Bakri, Y.; Amzazi, S.; Ghazal, H. Gut-Lung Axis in 

COVID-19. Interdiscip. Perspect. Infect. Dis. 2021, 2021, 

6655380. [Google Scholar] [CrossRef] [PubMed] 

https://scholar.google.com/scholar_lookup?title=Persistent+Symptoms+in+Patients+After+Acute+COVID-19&author=Carfi,+A.&author=Bernabei,+R.&author=Landi,+F.&publication_year=2020&journal=JAMA&volume=324&pages=603%E2%80%93605&doi=10.1001/jama.2020.12603&pmid=32644129
https://doi.org/10.1001/jama.2020.12603
https://www.ncbi.nlm.nih.gov/pubmed/32644129
https://scholar.google.com/scholar_lookup?title=Post-acute+COVID-19+syndrome&author=Nalbandian,+A.&author=Sehgal,+K.&author=Gupta,+A.&author=Madhavan,+M.V.&author=McGroder,+C.&author=Stevens,+J.S.&author=Cook,+J.R.&author=Nordvig,+A.S.&author=Shalev,+D.&author=Sehrawat,+T.S.&publication_year=2021&journal=Nat.+Med.&volume=27&pages=601%E2%80%93615&doi=10.1038/s41591-021-01283-z&pmid=33753937
https://doi.org/10.1038/s41591-021-01283-z
https://www.ncbi.nlm.nih.gov/pubmed/33753937
https://scholar.google.com/scholar_lookup?title=Long+COVID:+Aiming+for+a+consensus&author=Munblit,+D.&author=O%E2%80%99Hara,+M.E.&author=Akrami,+A.&author=Perego,+E.&author=Olliaro,+P.&author=Needham,+D.M.&publication_year=2022&journal=Lancet+Respir.+Med.&volume=10&pages=632%E2%80%93634&doi=10.1016/S2213-2600(22)00135-7
https://scholar.google.com/scholar_lookup?title=Long+COVID:+Aiming+for+a+consensus&author=Munblit,+D.&author=O%E2%80%99Hara,+M.E.&author=Akrami,+A.&author=Perego,+E.&author=Olliaro,+P.&author=Needham,+D.M.&publication_year=2022&journal=Lancet+Respir.+Med.&volume=10&pages=632%E2%80%93634&doi=10.1016/S2213-2600(22)00135-7
https://doi.org/10.1016/S2213-2600(22)00135-7
https://scholar.google.com/scholar_lookup?title=A+Proposed+Framework+and+Timeline+of+the+Spectrum+of+Disease+Due+to+SARS-CoV-2+Infection:+Illness+Beyond+Acute+Infection+and+Public+Health+Implications&author=Datta,+S.D.&author=Talwar,+A.&author=Lee,+J.T.&publication_year=2020&journal=JAMA&volume=324&pages=2251%E2%80%932252&doi=10.1001/jama.2020.22717
https://doi.org/10.1001/jama.2020.22717
https://scholar.google.com/scholar_lookup?title=Postdischarge+symptoms+and+rehabilitation+needs+in+survivors+of+COVID-19+infection:+A+cross-sectional+evaluation&author=Halpin,+S.J.&author=McIvor,+C.&author=Whyatt,+G.&author=Adams,+A.&author=Harvey,+O.&author=McLean,+L.&author=Walshaw,+C.&author=Kemp,+S.&author=Corrado,+J.&author=Singh,+R.&publication_year=2021&journal=J.+Med.+Virol.&volume=93&pages=1013%E2%80%931022&doi=10.1002/jmv.26368&pmid=32729939
https://scholar.google.com/scholar_lookup?title=Postdischarge+symptoms+and+rehabilitation+needs+in+survivors+of+COVID-19+infection:+A+cross-sectional+evaluation&author=Halpin,+S.J.&author=McIvor,+C.&author=Whyatt,+G.&author=Adams,+A.&author=Harvey,+O.&author=McLean,+L.&author=Walshaw,+C.&author=Kemp,+S.&author=Corrado,+J.&author=Singh,+R.&publication_year=2021&journal=J.+Med.+Virol.&volume=93&pages=1013%E2%80%931022&doi=10.1002/jmv.26368&pmid=32729939
https://doi.org/10.1002/jmv.26368
https://www.ncbi.nlm.nih.gov/pubmed/32729939
https://scholar.google.com/scholar_lookup?title=COVID-19+hyperinflammation+and+post-COVID-19+illness+may+be+rooted+in+mast+cell+activation+syndrome&author=Afrin,+L.B.&author=Weinstock,+L.B.&author=Molderings,+G.J.&publication_year=2020&journal=Int.+J.+Infect.+Dis.&volume=100&pages=327%E2%80%93332&doi=10.1016/j.ijid.2020.09.016
https://doi.org/10.1016/j.ijid.2020.09.016
https://scholar.google.com/scholar_lookup?title=How+NETosis+could+drive+%E2%80%9CPost-COVID-19+syndrome%E2%80%9D+among+survivors&author=Sawadogo,+S.A.&author=Dighero-Kemp,+B.&author=Ouedraogo,+D.D.&author=Hensley,+L.&author=Sakande,+J.&publication_year=2020&journal=Immunol.+Lett.&volume=228&pages=35%E2%80%9337&doi=10.1016/j.imlet.2020.09.005
https://doi.org/10.1016/j.imlet.2020.09.005
https://scholar.google.com/scholar_lookup?title=Post-COVID-19+pneumonia+pulmonary+fibrosis&author=Tale,+S.&author=Ghosh,+S.&author=Meitei,+S.P.&author=Kolli,+M.&author=Garbhapu,+A.K.&author=Pudi,+S.&publication_year=2020&journal=QJM&volume=113&pages=837%E2%80%93838&doi=10.1093/qjmed/hcaa255
https://doi.org/10.1093/qjmed/hcaa255
https://scholar.google.com/scholar_lookup?title=Endothelial+to+mesenchymal+transition:+A+precursor+to+post-COVID-19+interstitial+pulmonary+fibrosis+and+vascular+obliteration?&author=Eapen,+M.S.&author=Lu,+W.&author=Gaikwad,+A.V.&author=Bhattarai,+P.&author=Chia,+C.&author=Hardikar,+A.&author=Haug,+G.&author=Sohal,+S.S.&publication_year=2020&journal=Eur.+Respir.+J.&volume=56&pages=2003167&doi=10.1183/13993003.03167-2020
https://doi.org/10.1183/13993003.03167-2020
https://scholar.google.com/scholar_lookup?title=Gut-lung+axis+and+dysbiosis+in+COVID-19&author=Aktas,+B.&author=Aslim,+B.&publication_year=2020&journal=Turk.+J.+Biol.&volume=44&pages=265%E2%80%93272&doi=10.3906/biy-2005-102
https://doi.org/10.3906/biy-2005-102
https://scholar.google.com/scholar_lookup?title=Gut-Lung+Axis+in+COVID-19&author=Allali,+I.&author=Bakri,+Y.&author=Amzazi,+S.&author=Ghazal,+H.&publication_year=2021&journal=Interdiscip.+Perspect.+Infect.+Dis.&volume=2021&pages=6655380&doi=10.1155/2021/6655380&pmid=33777139
https://doi.org/10.1155/2021/6655380
https://www.ncbi.nlm.nih.gov/pubmed/33777139


 
 

© 2024 Millennium Health Centers, Inc.  All rights reserved. This publication and its content, including but not limited to text, images, and data, are protected by copyright law. No part of this 

publication may be reproduced, distributed, transmitted, or utilized in any form or by any means, including photocopying, recording, or other electronic or mechanical methods, without prior 

written permission from the copyright holder, except for brief quotations in a review or scholarly reference. 

 

Pa
ge
8 

12. Din, A.U.; Mazhar, M.; Waseem, M.; Ahmad, W.; Bibi, A.; 

Hassan, A.; Ali, N.; Gang, W.; Qian, G.; Ullah, R.; et al. 

SARS-CoV-2 microbiome dysbiosis linked disorders and 

possible probiotics role. Biomed. Pharmacother. 2021, 133, 

110947. [Google Scholar] [CrossRef] [PubMed] 

13. Kaushik, P.; Kumari, M.; Singh, N.K.; Suri, A. The role of gut 

microbiota in etiopathogenesis of long COVID 
syndrome. Horm. Mol. Biol. Clin. Investig. 2022, 44, 113–

114. [Google Scholar] [CrossRef] [PubMed] 

14. Baindara, P.; Chakraborty, R.; Holliday, Z.M.; Mandal, S.M.; 
Schrum, A.G. Oral probiotics in coronavirus disease 2019: 

Connecting the gut-lung axis to viral pathogenesis, 

inflammation, secondary infection and clinical trials. New 
Microbes New Infect. 2021, 40, 100837. [Google Scholar] 

[CrossRef] 

15. Alharbi, K.S.; Singh, Y.; Hassan Almalki, W.; Rawat, S.; 
Afzal, O.; Alfawaz Altamimi, A.S.; Kazmi, I.; Al-Abbasi, F.A.; 

Alzarea, S.I.; Singh, S.K.; et al. Gut Microbiota Disruption in 

COVID-19 or Post-COVID Illness Association with severity 
biomarkers: A Possible Role of Pre/Pro-biotics in 

manipulating microflora. Chem. Biol. Interact. 2022, 358, 

109898. [Google Scholar] [CrossRef] 

16. Ancona, G.; Alagna, L.; Alteri, C.; Palomba, E.; Tonizzo, A.; 

Pastena, A.; Muscatello, A.; Gori, A.; Bandera, A. Gut and 

airway microbiota dysbiosis and their role in COVID-19 and 
long-COVID. Front. Immunol. 2023, 14, 1080043. [Google 

Scholar] [CrossRef] 

17. Ludwig, C.; Viant, M.R. Two-dimensional J-resolved NMR 

spectroscopy: Review of a key methodology in the 

metabolomics toolbox. Phytochem. Anal. 2010, 21, 22–32. 

[Google Scholar] [CrossRef] [PubMed] 

18. Kumpitsch, C.; Fischmeister, F.P.S.; Mahnert, A.; Lackner, S.; 

Wilding, M.; Sturm, C.; Springer, A.; Madl, T.; Holasek, S.; 
Hogenauer, C.; et al. Reduced B12 uptake and increased 

gastrointestinal formate are associated with archaeome-

mediated breath methane emission in 
humans. Microbiome 2021, 9, 193. [Google Scholar] 

[CrossRef] 

19. Dieterle, F.; Ross, A.; Schlotterbeck, G.; Senn, H. Probabilistic 
quotient normalization as robust method to account for 

dilution of complex biological mixtures. Application in 1H 

NMR metabonomics. Anal. Chem. 2006, 78, 4281–4290. 

[Google Scholar] [CrossRef] 

20. Moller, H.J.; Hald, K.; Moestrup, S.K. Characterization of an 

enzyme-linked immunosorbent assay for soluble 
CD163. Scand. J. Clin. Lab. Investig. 2002, 62, 293–299. 

[Google Scholar] [CrossRef] 

21. Rodgaard-Hansen, S.; Rafique, A.; Christensen, P.A.; 
Maniecki, M.B.; Sandahl, T.D.; Nexo, E.; Moller, H.J. A 

soluble form of the macrophage-related mannose receptor 

(MR/CD206) is present in human serum and elevated in 

critical illness. Clin. Chem. Lab. Med. 2014, 52, 453–461. 

[Google Scholar] [CrossRef] 

22. Karmakar, U.; Chu, J.Y.; Sundaram, K.; Astier, A.L.; Garside, 
H.; Hansen, C.G.; Dransfield, I.; Vermeren, S. Immune 

complex-induced apoptosis and concurrent immune complex 

clearance are anti-inflammatory neutrophil functions. Cell 
Death Dis. 2021, 12, 296. [Google Scholar] [CrossRef] 

[PubMed] 

23. Balazs, I.; Horvath, A.; Leber, B.; Feldbacher, N.; Sattler, W.; 
Rainer, F.; Fauler, G.; Vermeren, S.; Stadlbauer, V. Serum bile 

acids in liver cirrhosis promote neutrophil dysfunction. Clin. 

Transl. Med. 2022, 12, e735. [Google Scholar] [CrossRef] 

[PubMed] 

24. Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A 

new method of classifying prognostic comorbidity in 
longitudinal studies: Development and validation. J. Chronic 

Dis. 1987, 40, 373–383. [Google Scholar] [CrossRef] 

[PubMed] 

25. Alkodaymi, M.S.; Omrani, O.A.; Fawzy, N.A.; Shaar, B.A.; 

Almamlouk, R.; Riaz, M.; Obeidat, M.; Obeidat, Y.; Gerberi, 

D.; Taha, R.M.; et al. Prevalence of post-acute COVID-19 
syndrome symptoms at different follow-up periods: A 

systematic review and meta-analysis. Clin. Microbiol. 

Infect. 2022, 28, 657–666. [Google Scholar] [CrossRef] 

[PubMed] 

26. WHO Coronavirus (COVID-19) Dashboard. World Health 

Organisation. Available 

online: https://covid19.who.int (accessed on 22 April 2023). 

27. Pi, J.; Zhang, G.; Zeng, G. Editorial: Gut-lung interaction 

axis. Front. Microbiol. 2023, 14, 1159629. [Google Scholar] 

[CrossRef] 

28. Sekar, A.; Krishnasamy, G.; Arockiya, A.M. Intermodulation 

of gut-lung axis microbiome and the implications of biotics to 
combat COVID-19. J. Biomol. Struct. Dyn. 2022, 40, 14262–

14278. [Google Scholar] [CrossRef] 

29. de Oliveira, G.L.V.; Oliveira, C.N.S.; Pinzan, C.F.; de Salis, 
L.V.V.; Cardoso, C.R.B. Microbiota Modulation of the Gut-

Lung Axis in COVID-19. Front. Immunol. 2021, 12, 635471. 

[Google Scholar] [CrossRef] 

30. Yeoh, Y.K.; Zuo, T.; Lui, G.C.; Zhang, F.; Liu, Q.; Li, A.Y.; 

Chung, A.C.; Cheung, C.P.; Tso, E.Y.; Fung, K.S.; et al. Gut 
microbiota composition reflects disease severity and 

dysfunctional immune responses in patients with COVID-

19. Gut 2021, 70, 698–706. [Google Scholar] [CrossRef] 

31. Chen, Y.; Gu, S.; Chen, Y.; Lu, H.; Shi, D.; Guo, J.; Wu, W.R.; 

Yang, Y.; Li, Y.; Xu, K.J.; et al. Six-month follow-up of gut 

microbiota richness in patients with COVID-19. Gut 2022, 71, 

222–225. [Google Scholar] [CrossRef] 

32. Xu, X.; Zhang, W.; Guo, M.; Xiao, C.; Fu, Z.; Yu, S.; Jiang, 

L.; Wang, S.; Ling, Y.; Liu, F.; et al. Integrated analysis of gut 
microbiome and host immune responses in COVID-19. Front. 

Med. 2022, 16, 263–275. [Google Scholar] [CrossRef] 

33. Rossini, V.; Tolosa-Enguis, V.; Frances-Cuesta, C.; Sanz, Y. 
Gut microbiome and anti-viral immunity in COVID-19. Crit. 

Rev. Food Sci. Nutr. 2024, 64, 4587–4602. [Google Scholar] 

[CrossRef] [PubMed] 

34. Zhang, J.; Zhang, Y.; Xia, Y.; Sun, J. Microbiome and 

intestinal pathophysiology in post-acute sequelae of COVID-

19. Genes. Dis. 2023, 11, 100978. [Google Scholar] 

[CrossRef] 

35. Su, Q.; Lau, R.I.; Liu, Q.; Chan, F.K.L.; Ng, S.C. Post-acute 

COVID-19 syndrome and gut dysbiosis linger beyond 1 year 
after SARS-CoV-2 clearance. Gut 2023, 72, 1230–1232. 

[Google Scholar] [CrossRef] [PubMed] 

36. Blesl, A.; Jungst, C.; Lammert, F.; Fauler, G.; Rainer, F.; Leber, 
B.; Feldbacher, N.; Stromberger, S.; Wildburger, R.; 

Spindelbock, W.; et al. Secondary Sclerosing Cholangitis in 

Critically Ill Patients Alters the Gut-Liver Axis: A Case 
Control Study. Nutrients 2020, 12, 2728. [Google Scholar] 

[CrossRef] 

37. Chowdhury, A.I.; Alam, M.R.; Rabbi, M.F.; Rahman, T.; Reza, 
S. Does higher body mass index increase COVID-19 severity? 

https://scholar.google.com/scholar_lookup?title=SARS-CoV-2+microbiome+dysbiosis+linked+disorders+and+possible+probiotics+role&author=Din,+A.U.&author=Mazhar,+M.&author=Waseem,+M.&author=Ahmad,+W.&author=Bibi,+A.&author=Hassan,+A.&author=Ali,+N.&author=Gang,+W.&author=Qian,+G.&author=Ullah,+R.&publication_year=2021&journal=Biomed.+Pharmacother.&volume=133&pages=110947&doi=10.1016/j.biopha.2020.110947&pmid=33197765
https://doi.org/10.1016/j.biopha.2020.110947
https://www.ncbi.nlm.nih.gov/pubmed/33197765
https://scholar.google.com/scholar_lookup?title=The+role+of+gut+microbiota+in+etiopathogenesis+of+long+COVID+syndrome&author=Kaushik,+P.&author=Kumari,+M.&author=Singh,+N.K.&author=Suri,+A.&publication_year=2022&journal=Horm.+Mol.+Biol.+Clin.+Investig.&volume=44&pages=113%E2%80%93114&doi=10.1515/hmbci-2022-0079&pmid=36317311
https://doi.org/10.1515/hmbci-2022-0079
https://www.ncbi.nlm.nih.gov/pubmed/36317311
https://scholar.google.com/scholar_lookup?title=Oral+probiotics+in+coronavirus+disease+2019:+Connecting+the+gut-lung+axis+to+viral+pathogenesis,+inflammation,+secondary+infection+and+clinical+trials&author=Baindara,+P.&author=Chakraborty,+R.&author=Holliday,+Z.M.&author=Mandal,+S.M.&author=Schrum,+A.G.&publication_year=2021&journal=New+Microbes+New+Infect.&volume=40&pages=100837&doi=10.1016/j.nmni.2021.100837
https://doi.org/10.1016/j.nmni.2021.100837
https://scholar.google.com/scholar_lookup?title=Gut+Microbiota+Disruption+in+COVID-19+or+Post-COVID+Illness+Association+with+severity+biomarkers:+A+Possible+Role+of+Pre/Pro-biotics+in+manipulating+microflora&author=Alharbi,+K.S.&author=Singh,+Y.&author=Hassan+Almalki,+W.&author=Rawat,+S.&author=Afzal,+O.&author=Alfawaz+Altamimi,+A.S.&author=Kazmi,+I.&author=Al-Abbasi,+F.A.&author=Alzarea,+S.I.&author=Singh,+S.K.&publication_year=2022&journal=Chem.+Biol.+Interact.&volume=358&pages=109898&doi=10.1016/j.cbi.2022.109898
https://doi.org/10.1016/j.cbi.2022.109898
https://scholar.google.com/scholar_lookup?title=Gut+and+airway+microbiota+dysbiosis+and+their+role+in+COVID-19+and+long-COVID&author=Ancona,+G.&author=Alagna,+L.&author=Alteri,+C.&author=Palomba,+E.&author=Tonizzo,+A.&author=Pastena,+A.&author=Muscatello,+A.&author=Gori,+A.&author=Bandera,+A.&publication_year=2023&journal=Front.+Immunol.&volume=14&pages=1080043&doi=10.3389/fimmu.2023.1080043
https://scholar.google.com/scholar_lookup?title=Gut+and+airway+microbiota+dysbiosis+and+their+role+in+COVID-19+and+long-COVID&author=Ancona,+G.&author=Alagna,+L.&author=Alteri,+C.&author=Palomba,+E.&author=Tonizzo,+A.&author=Pastena,+A.&author=Muscatello,+A.&author=Gori,+A.&author=Bandera,+A.&publication_year=2023&journal=Front.+Immunol.&volume=14&pages=1080043&doi=10.3389/fimmu.2023.1080043
https://doi.org/10.3389/fimmu.2023.1080043
https://scholar.google.com/scholar_lookup?title=Two-dimensional+J-resolved+NMR+spectroscopy:+Review+of+a+key+methodology+in+the+metabolomics+toolbox&author=Ludwig,+C.&author=Viant,+M.R.&publication_year=2010&journal=Phytochem.+Anal.&volume=21&pages=22%E2%80%9332&doi=10.1002/pca.1186&pmid=19904730
https://doi.org/10.1002/pca.1186
https://www.ncbi.nlm.nih.gov/pubmed/19904730
https://scholar.google.com/scholar_lookup?title=Reduced+B12+uptake+and+increased+gastrointestinal+formate+are+associated+with+archaeome-mediated+breath+methane+emission+in+humans&author=Kumpitsch,+C.&author=Fischmeister,+F.P.S.&author=Mahnert,+A.&author=Lackner,+S.&author=Wilding,+M.&author=Sturm,+C.&author=Springer,+A.&author=Madl,+T.&author=Holasek,+S.&author=Hogenauer,+C.&publication_year=2021&journal=Microbiome&volume=9&pages=193&doi=10.1186/s40168-021-01130-w
https://doi.org/10.1186/s40168-021-01130-w
https://scholar.google.com/scholar_lookup?title=Probabilistic+quotient+normalization+as+robust+method+to+account+for+dilution+of+complex+biological+mixtures.+Application+in+1H+NMR+metabonomics&author=Dieterle,+F.&author=Ross,+A.&author=Schlotterbeck,+G.&author=Senn,+H.&publication_year=2006&journal=Anal.+Chem.&volume=78&pages=4281%E2%80%934290&doi=10.1021/ac051632c
https://doi.org/10.1021/ac051632c
https://scholar.google.com/scholar_lookup?title=Characterization+of+an+enzyme-linked+immunosorbent+assay+for+soluble+CD163&author=Moller,+H.J.&author=Hald,+K.&author=Moestrup,+S.K.&publication_year=2002&journal=Scand.+J.+Clin.+Lab.+Investig.&volume=62&pages=293%E2%80%93299&doi=10.1080/003655102760145852
https://doi.org/10.1080/003655102760145852
https://scholar.google.com/scholar_lookup?title=A+soluble+form+of+the+macrophage-related+mannose+receptor+(MR/CD206)+is+present+in+human+serum+and+elevated+in+critical+illness&author=Rodgaard-Hansen,+S.&author=Rafique,+A.&author=Christensen,+P.A.&author=Maniecki,+M.B.&author=Sandahl,+T.D.&author=Nexo,+E.&author=Moller,+H.J.&publication_year=2014&journal=Clin.+Chem.+Lab.+Med.&volume=52&pages=453%E2%80%93461&doi=10.1515/cclm-2013-0451
https://doi.org/10.1515/cclm-2013-0451
https://scholar.google.com/scholar_lookup?title=Immune+complex-induced+apoptosis+and+concurrent+immune+complex+clearance+are+anti-inflammatory+neutrophil+functions&author=Karmakar,+U.&author=Chu,+J.Y.&author=Sundaram,+K.&author=Astier,+A.L.&author=Garside,+H.&author=Hansen,+C.G.&author=Dransfield,+I.&author=Vermeren,+S.&publication_year=2021&journal=Cell+Death+Dis.&volume=12&pages=296&doi=10.1038/s41419-021-03528-8&pmid=33741905
https://doi.org/10.1038/s41419-021-03528-8
https://www.ncbi.nlm.nih.gov/pubmed/33741905
https://scholar.google.com/scholar_lookup?title=Serum+bile+acids+in+liver+cirrhosis+promote+neutrophil+dysfunction&author=Balazs,+I.&author=Horvath,+A.&author=Leber,+B.&author=Feldbacher,+N.&author=Sattler,+W.&author=Rainer,+F.&author=Fauler,+G.&author=Vermeren,+S.&author=Stadlbauer,+V.&publication_year=2022&journal=Clin.+Transl.+Med.&volume=12&pages=e735&doi=10.1002/ctm2.735&pmid=35220689
https://doi.org/10.1002/ctm2.735
https://www.ncbi.nlm.nih.gov/pubmed/35220689
https://scholar.google.com/scholar_lookup?title=A+new+method+of+classifying+prognostic+comorbidity+in+longitudinal+studies:+Development+and+validation&author=Charlson,+M.E.&author=Pompei,+P.&author=Ales,+K.L.&author=MacKenzie,+C.R.&publication_year=1987&journal=J.+Chronic+Dis.&volume=40&pages=373%E2%80%93383&doi=10.1016/0021-9681(87)90171-8&pmid=3558716
https://doi.org/10.1016/0021-9681(87)90171-8
https://www.ncbi.nlm.nih.gov/pubmed/3558716
https://scholar.google.com/scholar_lookup?title=Prevalence+of+post-acute+COVID-19+syndrome+symptoms+at+different+follow-up+periods:+A+systematic+review+and+meta-analysis&author=Alkodaymi,+M.S.&author=Omrani,+O.A.&author=Fawzy,+N.A.&author=Shaar,+B.A.&author=Almamlouk,+R.&author=Riaz,+M.&author=Obeidat,+M.&author=Obeidat,+Y.&author=Gerberi,+D.&author=Taha,+R.M.&publication_year=2022&journal=Clin.+Microbiol.+Infect.&volume=28&pages=657%E2%80%93666&doi=10.1016/j.cmi.2022.01.014&pmid=35124265
https://doi.org/10.1016/j.cmi.2022.01.014
https://www.ncbi.nlm.nih.gov/pubmed/35124265
https://covid19.who.int/
https://scholar.google.com/scholar_lookup?title=Editorial:+Gut-lung+interaction+axis&author=Pi,+J.&author=Zhang,+G.&author=Zeng,+G.&publication_year=2023&journal=Front.+Microbiol.&volume=14&pages=1159629&doi=10.3389/fmicb.2023.1159629
https://doi.org/10.3389/fmicb.2023.1159629
https://scholar.google.com/scholar_lookup?title=Intermodulation+of+gut-lung+axis+microbiome+and+the+implications+of+biotics+to+combat+COVID-19&author=Sekar,+A.&author=Krishnasamy,+G.&author=Arockiya,+A.M.&publication_year=2022&journal=J.+Biomol.+Struct.+Dyn.&volume=40&pages=14262%E2%80%9314278&doi=10.1080/07391102.2021.1994875
https://doi.org/10.1080/07391102.2021.1994875
https://scholar.google.com/scholar_lookup?title=Microbiota+Modulation+of+the+Gut-Lung+Axis+in+COVID-19&author=de+Oliveira,+G.L.V.&author=Oliveira,+C.N.S.&author=Pinzan,+C.F.&author=de+Salis,+L.V.V.&author=Cardoso,+C.R.B.&publication_year=2021&journal=Front.+Immunol.&volume=12&pages=635471&doi=10.3389/fimmu.2021.635471
https://doi.org/10.3389/fimmu.2021.635471
https://scholar.google.com/scholar_lookup?title=Gut+microbiota+composition+reflects+disease+severity+and+dysfunctional+immune+responses+in+patients+with+COVID-19&author=Yeoh,+Y.K.&author=Zuo,+T.&author=Lui,+G.C.&author=Zhang,+F.&author=Liu,+Q.&author=Li,+A.Y.&author=Chung,+A.C.&author=Cheung,+C.P.&author=Tso,+E.Y.&author=Fung,+K.S.&publication_year=2021&journal=Gut&volume=70&pages=698%E2%80%93706&doi=10.1136/gutjnl-2020-323020
https://doi.org/10.1136/gutjnl-2020-323020
https://scholar.google.com/scholar_lookup?title=Six-month+follow-up+of+gut+microbiota+richness+in+patients+with+COVID-19&author=Chen,+Y.&author=Gu,+S.&author=Chen,+Y.&author=Lu,+H.&author=Shi,+D.&author=Guo,+J.&author=Wu,+W.R.&author=Yang,+Y.&author=Li,+Y.&author=Xu,+K.J.&publication_year=2022&journal=Gut&volume=71&pages=222%E2%80%93225&doi=10.1136/gutjnl-2021-324090
https://doi.org/10.1136/gutjnl-2021-324090
https://scholar.google.com/scholar_lookup?title=Integrated+analysis+of+gut+microbiome+and+host+immune+responses+in+COVID-19&author=Xu,+X.&author=Zhang,+W.&author=Guo,+M.&author=Xiao,+C.&author=Fu,+Z.&author=Yu,+S.&author=Jiang,+L.&author=Wang,+S.&author=Ling,+Y.&author=Liu,+F.&publication_year=2022&journal=Front.+Med.&volume=16&pages=263%E2%80%93275&doi=10.1007/s11684-022-0921-6
https://doi.org/10.1007/s11684-022-0921-6
https://scholar.google.com/scholar_lookup?title=Gut+microbiome+and+anti-viral+immunity+in+COVID-19&author=Rossini,+V.&author=Tolosa-Enguis,+V.&author=Frances-Cuesta,+C.&author=Sanz,+Y.&publication_year=2024&journal=Crit.+Rev.+Food+Sci.+Nutr.&volume=64&pages=4587%E2%80%934602&doi=10.1080/10408398.2022.2143476&pmid=36382631
https://doi.org/10.1080/10408398.2022.2143476
https://www.ncbi.nlm.nih.gov/pubmed/36382631
https://scholar.google.com/scholar_lookup?title=Microbiome+and+intestinal+pathophysiology+in+post-acute+sequelae+of+COVID-19&author=Zhang,+J.&author=Zhang,+Y.&author=Xia,+Y.&author=Sun,+J.&publication_year=2023&journal=Genes.+Dis.&volume=11&pages=100978&doi=10.1016/j.gendis.2023.03.034
https://doi.org/10.1016/j.gendis.2023.03.034
https://scholar.google.com/scholar_lookup?title=Post-acute+COVID-19+syndrome+and+gut+dysbiosis+linger+beyond+1+year+after+SARS-CoV-2+clearance&author=Su,+Q.&author=Lau,+R.I.&author=Liu,+Q.&author=Chan,+F.K.L.&author=Ng,+S.C.&publication_year=2023&journal=Gut&volume=72&pages=1230%E2%80%931232&doi=10.1136/gutjnl-2022-328319&pmid=35940857
https://doi.org/10.1136/gutjnl-2022-328319
https://www.ncbi.nlm.nih.gov/pubmed/35940857
https://scholar.google.com/scholar_lookup?title=Secondary+Sclerosing+Cholangitis+in+Critically+Ill+Patients+Alters+the+Gut-Liver+Axis:+A+Case+Control+Study&author=Blesl,+A.&author=Jungst,+C.&author=Lammert,+F.&author=Fauler,+G.&author=Rainer,+F.&author=Leber,+B.&author=Feldbacher,+N.&author=Stromberger,+S.&author=Wildburger,+R.&author=Spindelbock,+W.&publication_year=2020&journal=Nutrients&volume=12&pages=2728&doi=10.3390/nu12092728
https://doi.org/10.3390/nu12092728


 
 

© 2024 Millennium Health Centers, Inc.  All rights reserved. This publication and its content, including but not limited to text, images, and data, are protected by copyright law. No part of this 

publication may be reproduced, distributed, transmitted, or utilized in any form or by any means, including photocopying, recording, or other electronic or mechanical methods, without prior 

written permission from the copyright holder, except for brief quotations in a review or scholarly reference. 

 

Pa
ge
9 

A systematic review and meta-analysis. Obes. Med. 2021, 23, 

100340. [Google Scholar] [CrossRef] [PubMed] 

38. Ng, W.H.; Tipih, T.; Makoah, N.A.; Vermeulen, J.G.; 

Goedhals, D.; Sempa, J.B.; Burt, F.J.; Taylor, A.; Mahalingam, 
S. Comorbidities in SARS-CoV-2 Patients: A Systematic 

Review and Meta-Analysis. mBio 2021, 12, e03647-20. 

[Google Scholar] [CrossRef] 

39. Ley, R.E.; Backhed, F.; Turnbaugh, P.; Lozupone, C.A.; 

Knight, R.D.; Gordon, J.I. Obesity alters gut microbial 

ecology. Proc. Natl. Acad. Sci. USA 2005, 102, 11070–11075. 

[Google Scholar] [CrossRef] 

40. Finlay, B.B.; Amato, K.R.; Azad, M.; Blaser, M.J.; Bosch, 

T.C.G.; Chu, H.; Dominguez-Bello, M.G.; Ehrlich, S.D.; 
Elinav, E.; Geva-Zatorsky, N.; et al. The hygiene hypothesis, 

the COVID pandemic, and consequences for the human 

microbiome. Proc. Natl. Acad. Sci. USA 2021, 118, 

e2010217118. [Google Scholar] [CrossRef] 

41. Giron, L.B.; Dweep, H.; Yin, X.; Wang, H.; Damra, M.; 

Goldman, A.R.; Gorman, N.; Palmer, C.S.; Tang, H.Y.; 
Shaikh, M.W.; et al. Plasma Markers of Disrupted Gut 

Permeability in Severe COVID-19 Patients. Front. 

Immunol. 2021, 12, 686240. [Google Scholar] 

42. Hocini, H.; Wiedemann, A.; Blengio, F.; Lefebvre, C.; 

Cervantes-Gonzalez, M.; Foucat, E.; Tisserand, P.; Surenaud, 

M.; Coleon, S.; Prague, M.; et al. Neutrophil Activation and 
Immune Thrombosis Profiles Persist in Convalescent COVID-

19. J. Clin. Immunol. 2023, 43, 882–893. [Google Scholar] 

[CrossRef] 

43. Gustine, J.N.; Jones, D. Immunopathology of 

Hyperinflammation in COVID-19. Am. J. Pathol. 2021, 191, 

4–17. [Google Scholar] [CrossRef] [PubMed] 

44. Hanna, S.J.; Codd, A.S.; Gea-Mallorqui, E.; Scourfield, D.O.; 

Richter, F.C.; Ladell, K.; Borsa, M.; Compeer, E.B.; Moon, 
O.R.; Galloway, S.A.E.; et al. T cell phenotypes in COVID-

19—A living review. Oxf. Open Immunol. 2021, 2, iqaa007. 

[Google Scholar] [CrossRef] [PubMed] 

45. Prietl, B.; Odler, B.; Kirsch, A.H.; Artinger, K.; Eigner, M.; 

Schmaldienst, S.; Pfeifer, V.; Stanzer, S.; Eberl, A.; Raml, R.; 

et al. Chronic Inflammation Might Protect Hemodialysis 
Patients From Severe COVID-19. Front. Immunol. 2022, 13, 

821818. [Google Scholar] [CrossRef] 

46. Yin, K.; Peluso, M.J.; Thomas, R.; Shin, M.G.; Neidleman, J.; 
Luo, X.; Hoh, R.; Anglin, K.; Huang, B.; Argueta, U.; et al. 

Long COVID manifests with T cell dysregulation, 

inflammation, and an uncoordinated adaptive immune 
response to SARS-CoV-2. bioRxiv 2024. [Google Scholar] 

[CrossRef] 

47. Su, Y.; Yuan, D.; Chen, D.G.; Ng, R.H.; Wang, K.; Choi, J.; Li, 
S.; Hong, S.; Zhang, R.; Xie, J.; et al. Multiple early factors 

anticipate post-acute COVID-19 sequelae. Cell 2022, 185, 

881–895.e820. [Google Scholar] [CrossRef] 

48. Wu, P.; Chen, D.; Ding, W.; Wu, P.; Hou, H.; Bai, Y.; Zhou, Y.; 

Li, K.; Xiang, S.; Liu, P.; et al. The trans-omics landscape of 

COVID-19. Nat. Commun. 2021, 12, 4543. [Google Scholar] 

[CrossRef] 

49. Pang, Z.; Zhou, G.; Chong, J.; Xia, J. Comprehensive Meta-

Analysis of COVID-19 Global Metabolomics 
Datasets. Metabolites 2021, 11, 44. [Google Scholar] 

[CrossRef] 

50. Ghini, V.; Meoni, G.; Pelagatti, L.; Celli, T.; Veneziani, F.; 
Petrucci, F.; Vannucchi, V.; Bertini, L.; Luchinat, C.; Landini, 

G.; et al. Profiling metabolites and lipoproteins in COMETA, 

an Italian cohort of COVID-19 patients. PLoS 

Pathog. 2022, 18, e1010443. [Google Scholar] [CrossRef] 

[PubMed] 

51. Lopez-Hernandez, Y.; Oropeza-Valdez, J.J.; Garcia Lopez, 

D.A.; Borrego, J.C.; Murgu, M.; Valdez, J.; Lopez, J.A.; 

Monarrez-Espino, J. Untargeted analysis in post-COVID-19 
patients reveals dysregulated lipid pathways two years after 

recovery. Front. Mol. Biosci. 2023, 10, 1100486. [Google 

Scholar] [CrossRef] [PubMed] 

52. Masuda, R.; Lodge, S.; Whiley, L.; Gray, N.; Lawler, N.; 

Nitschke, P.; Bong, S.H.; Kimhofer, T.; Loo, R.L.; Boughton, 

B.; et al. Exploration of Human Serum Lipoprotein 
Supramolecular Phospholipids Using Statistical 

Heterospectroscopy in n-Dimensions (SHY-n): Identification 

of Potential Cardiovascular Risk Biomarkers Related to 
SARS-CoV-2 Infection. Anal. Chem. 2022, 94, 4426–4436. 

[Google Scholar] [CrossRef] [PubMed] 

53. Manna, S.; Baindara, P.; Mandal, S.M. Molecular 
pathogenesis of secondary bacterial infection associated to 

viral infections including SARS-CoV-2. J. Infect. Public. 

Health 2020, 13, 1397–1404. [Google Scholar] [CrossRef] 

54. Ma, J.; Piao, X.; Mahfuz, S.; Long, S.; Wang, J. The interaction 

among gut microbes, the intestinal barrier and short chain fatty 

acids. Anim. Nutr. 2022, 9, 159–174. [Google Scholar] 

[CrossRef] 

55. Turner, J.R. Intestinal mucosal barrier function in health and 
disease. Nat. Rev. Immunol. 2009, 9, 799–809. [Google 

Scholar] [CrossRef] 

56. Khan, I.; Bai, Y.; Zha, L.; Ullah, N.; Ullah, H.; Shah, S.R.H.; 
Sun, H.; Zhang, C. Mechanism of the Gut Microbiota 

Colonization Resistance and Enteric Pathogen 

Infection. Front. Cell Infect. Microbiol. 2021, 11, 716299. 

[Google Scholar] [CrossRef] 

57. Schmidt, T.S.B.; Raes, J.; Bork, P. The Human Gut 

Microbiome: From Association to 
Modulation. Cell 2018, 172, 1198–1215. [Google Scholar] 

[CrossRef] 

58. Wahab, S.; Almaghaslah, D.; Mahmood, S.E.; Ahmad, M.F.; 
Alsayegh, A.A.; Abu Haddash, Y.M.; Rahman, M.A.; Ahamd, 

I.; Ahmad, W.; Khalid, M.; et al. Pharmacological Efficacy of 

Probiotics in Respiratory Viral Infections: A Comprehensive 
Review. J. Pers. Med. 2022, 12, 1291. [Google Scholar] 

[CrossRef] 

59. Chen, Y.; Li, R.; Chang, Q.; Dong, Z.; Yang, H.; Xu, C. 
Lactobacillus bulgaricus or Lactobacillus rhamnosus 

Suppresses NF-kappaB Signaling Pathway and Protects 

against AFB(1)-Induced Hepatitis: A Novel Potential 
Preventive Strategy for Aflatoxicosis? Toxins 2019, 11, 17. 

[Google Scholar] [CrossRef] 

60. Kano, H.; Kita, J.; Makino, S.; Ikegami, S.; Itoh, H. Oral 

administration of Lactobacillus delbrueckii subspecies 

bulgaricus OLL1073R-1 suppresses inflammation by 

decreasing interleukin-6 responses in a murine model of atopic 
dermatitis. J. Dairy Sci. 2013, 96, 3525–3534. [Google 

Scholar] [CrossRef] 

61. Santos Rocha, C.; Lakhdari, O.; Blottiere, H.M.; Blugeon, S.; 
Sokol, H.; Bermudez-Humaran, L.G.; Azevedo, V.; Miyoshi, 

A.; Dore, J.; Langella, P.; et al. Anti-inflammatory properties 

of dairy lactobacilli. Inflamm. Bowel Dis. 2012, 18, 657–666. 

[Google Scholar] [CrossRef] 

https://scholar.google.com/scholar_lookup?title=Does+higher+body+mass+index+increase+COVID-19+severity?+A+systematic+review+and+meta-analysis&author=Chowdhury,+A.I.&author=Alam,+M.R.&author=Rabbi,+M.F.&author=Rahman,+T.&author=Reza,+S.&publication_year=2021&journal=Obes.+Med.&volume=23&pages=100340&doi=10.1016/j.obmed.2021.100340&pmid=33875972
https://doi.org/10.1016/j.obmed.2021.100340
https://www.ncbi.nlm.nih.gov/pubmed/33875972
https://scholar.google.com/scholar_lookup?title=Comorbidities+in+SARS-CoV-2+Patients:+A+Systematic+Review+and+Meta-Analysis&author=Ng,+W.H.&author=Tipih,+T.&author=Makoah,+N.A.&author=Vermeulen,+J.G.&author=Goedhals,+D.&author=Sempa,+J.B.&author=Burt,+F.J.&author=Taylor,+A.&author=Mahalingam,+S.&publication_year=2021&journal=mBio&volume=12&pages=e03647-20&doi=10.1128/mBio.03647-20
https://doi.org/10.1128/mBio.03647-20
https://scholar.google.com/scholar_lookup?title=Obesity+alters+gut+microbial+ecology&author=Ley,+R.E.&author=Backhed,+F.&author=Turnbaugh,+P.&author=Lozupone,+C.A.&author=Knight,+R.D.&author=Gordon,+J.I.&publication_year=2005&journal=Proc.+Natl.+Acad.+Sci.+USA&volume=102&pages=11070%E2%80%9311075&doi=10.1073/pnas.0504978102
https://doi.org/10.1073/pnas.0504978102
https://scholar.google.com/scholar_lookup?title=The+hygiene+hypothesis,+the+COVID+pandemic,+and+consequences+for+the+human+microbiome&author=Finlay,+B.B.&author=Amato,+K.R.&author=Azad,+M.&author=Blaser,+M.J.&author=Bosch,+T.C.G.&author=Chu,+H.&author=Dominguez-Bello,+M.G.&author=Ehrlich,+S.D.&author=Elinav,+E.&author=Geva-Zatorsky,+N.&publication_year=2021&journal=Proc.+Natl.+Acad.+Sci.+USA&volume=118&pages=e2010217118&doi=10.1073/pnas.2010217118
https://doi.org/10.1073/pnas.2010217118
https://scholar.google.com/scholar_lookup?title=Plasma+Markers+of+Disrupted+Gut+Permeability+in+Severe+COVID-19+Patients&author=Giron,+L.B.&author=Dweep,+H.&author=Yin,+X.&author=Wang,+H.&author=Damra,+M.&author=Goldman,+A.R.&author=Gorman,+N.&author=Palmer,+C.S.&author=Tang,+H.Y.&author=Shaikh,+M.W.&publication_year=2021&journal=Front.+Immunol.&volume=12&pages=686240
https://scholar.google.com/scholar_lookup?title=Neutrophil+Activation+and+Immune+Thrombosis+Profiles+Persist+in+Convalescent+COVID-19&author=Hocini,+H.&author=Wiedemann,+A.&author=Blengio,+F.&author=Lefebvre,+C.&author=Cervantes-Gonzalez,+M.&author=Foucat,+E.&author=Tisserand,+P.&author=Surenaud,+M.&author=Coleon,+S.&author=Prague,+M.&publication_year=2023&journal=J.+Clin.+Immunol.&volume=43&pages=882%E2%80%93893&doi=10.1007/s10875-023-01459-x
https://doi.org/10.1007/s10875-023-01459-x
https://scholar.google.com/scholar_lookup?title=Immunopathology+of+Hyperinflammation+in+COVID-19&author=Gustine,+J.N.&author=Jones,+D.&publication_year=2021&journal=Am.+J.+Pathol.&volume=191&pages=4%E2%80%9317&doi=10.1016/j.ajpath.2020.08.009&pmid=32919977
https://doi.org/10.1016/j.ajpath.2020.08.009
https://www.ncbi.nlm.nih.gov/pubmed/32919977
https://scholar.google.com/scholar_lookup?title=T+cell+phenotypes+in+COVID-19%E2%80%94A+living+review&author=Hanna,+S.J.&author=Codd,+A.S.&author=Gea-Mallorqui,+E.&author=Scourfield,+D.O.&author=Richter,+F.C.&author=Ladell,+K.&author=Borsa,+M.&author=Compeer,+E.B.&author=Moon,+O.R.&author=Galloway,+S.A.E.&publication_year=2021&journal=Oxf.+Open+Immunol.&volume=2&pages=iqaa007&doi=10.1093/oxfimm/iqaa007&pmid=33575657
https://doi.org/10.1093/oxfimm/iqaa007
https://www.ncbi.nlm.nih.gov/pubmed/33575657
https://scholar.google.com/scholar_lookup?title=Chronic+Inflammation+Might+Protect+Hemodialysis+Patients+From+Severe+COVID-19&author=Prietl,+B.&author=Odler,+B.&author=Kirsch,+A.H.&author=Artinger,+K.&author=Eigner,+M.&author=Schmaldienst,+S.&author=Pfeifer,+V.&author=Stanzer,+S.&author=Eberl,+A.&author=Raml,+R.&publication_year=2022&journal=Front.+Immunol.&volume=13&pages=821818&doi=10.3389/fimmu.2022.821818
https://doi.org/10.3389/fimmu.2022.821818
https://scholar.google.com/scholar_lookup?title=Long+COVID+manifests+with+T+cell+dysregulation,+inflammation,+and+an+uncoordinated+adaptive+immune+response+to+SARS-CoV-2&author=Yin,+K.&author=Peluso,+M.J.&author=Thomas,+R.&author=Shin,+M.G.&author=Neidleman,+J.&author=Luo,+X.&author=Hoh,+R.&author=Anglin,+K.&author=Huang,+B.&author=Argueta,+U.&publication_year=2024&journal=bioRxiv&doi=10.1038/s41590-023-01724-6
https://doi.org/10.1038/s41590-023-01724-6
https://scholar.google.com/scholar_lookup?title=Multiple+early+factors+anticipate+post-acute+COVID-19+sequelae&author=Su,+Y.&author=Yuan,+D.&author=Chen,+D.G.&author=Ng,+R.H.&author=Wang,+K.&author=Choi,+J.&author=Li,+S.&author=Hong,+S.&author=Zhang,+R.&author=Xie,+J.&publication_year=2022&journal=Cell&volume=185&pages=881%E2%80%93895.e820&doi=10.1016/j.cell.2022.01.014
https://doi.org/10.1016/j.cell.2022.01.014
https://scholar.google.com/scholar_lookup?title=The+trans-omics+landscape+of+COVID-19&author=Wu,+P.&author=Chen,+D.&author=Ding,+W.&author=Wu,+P.&author=Hou,+H.&author=Bai,+Y.&author=Zhou,+Y.&author=Li,+K.&author=Xiang,+S.&author=Liu,+P.&publication_year=2021&journal=Nat.+Commun.&volume=12&pages=4543&doi=10.1038/s41467-021-24482-1
https://doi.org/10.1038/s41467-021-24482-1
https://scholar.google.com/scholar_lookup?title=Comprehensive+Meta-Analysis+of+COVID-19+Global+Metabolomics+Datasets&author=Pang,+Z.&author=Zhou,+G.&author=Chong,+J.&author=Xia,+J.&publication_year=2021&journal=Metabolites&volume=11&pages=44&doi=10.3390/metabo11010044
https://doi.org/10.3390/metabo11010044
https://scholar.google.com/scholar_lookup?title=Profiling+metabolites+and+lipoproteins+in+COMETA,+an+Italian+cohort+of+COVID-19+patients&author=Ghini,+V.&author=Meoni,+G.&author=Pelagatti,+L.&author=Celli,+T.&author=Veneziani,+F.&author=Petrucci,+F.&author=Vannucchi,+V.&author=Bertini,+L.&author=Luchinat,+C.&author=Landini,+G.&publication_year=2022&journal=PLoS+Pathog.&volume=18&pages=e1010443&doi=10.1371/journal.ppat.1010443&pmid=35446921
https://doi.org/10.1371/journal.ppat.1010443
https://www.ncbi.nlm.nih.gov/pubmed/35446921
https://scholar.google.com/scholar_lookup?title=Untargeted+analysis+in+post-COVID-19+patients+reveals+dysregulated+lipid+pathways+two+years+after+recovery&author=Lopez-Hernandez,+Y.&author=Oropeza-Valdez,+J.J.&author=Garcia+Lopez,+D.A.&author=Borrego,+J.C.&author=Murgu,+M.&author=Valdez,+J.&author=Lopez,+J.A.&author=Monarrez-Espino,+J.&publication_year=2023&journal=Front.+Mol.+Biosci.&volume=10&pages=1100486&doi=10.3389/fmolb.2023.1100486&pmid=36936993
https://scholar.google.com/scholar_lookup?title=Untargeted+analysis+in+post-COVID-19+patients+reveals+dysregulated+lipid+pathways+two+years+after+recovery&author=Lopez-Hernandez,+Y.&author=Oropeza-Valdez,+J.J.&author=Garcia+Lopez,+D.A.&author=Borrego,+J.C.&author=Murgu,+M.&author=Valdez,+J.&author=Lopez,+J.A.&author=Monarrez-Espino,+J.&publication_year=2023&journal=Front.+Mol.+Biosci.&volume=10&pages=1100486&doi=10.3389/fmolb.2023.1100486&pmid=36936993
https://doi.org/10.3389/fmolb.2023.1100486
https://www.ncbi.nlm.nih.gov/pubmed/36936993
https://scholar.google.com/scholar_lookup?title=Exploration+of+Human+Serum+Lipoprotein+Supramolecular+Phospholipids+Using+Statistical+Heterospectroscopy+in+n-Dimensions+(SHY-n):+Identification+of+Potential+Cardiovascular+Risk+Biomarkers+Related+to+SARS-CoV-2+Infection&author=Masuda,+R.&author=Lodge,+S.&author=Whiley,+L.&author=Gray,+N.&author=Lawler,+N.&author=Nitschke,+P.&author=Bong,+S.H.&author=Kimhofer,+T.&author=Loo,+R.L.&author=Boughton,+B.&publication_year=2022&journal=Anal.+Chem.&volume=94&pages=4426%E2%80%934436&doi=10.1021/acs.analchem.1c05389&pmid=35230805
https://doi.org/10.1021/acs.analchem.1c05389
https://www.ncbi.nlm.nih.gov/pubmed/35230805
https://scholar.google.com/scholar_lookup?title=Molecular+pathogenesis+of+secondary+bacterial+infection+associated+to+viral+infections+including+SARS-CoV-2&author=Manna,+S.&author=Baindara,+P.&author=Mandal,+S.M.&publication_year=2020&journal=J.+Infect.+Public.+Health&volume=13&pages=1397%E2%80%931404&doi=10.1016/j.jiph.2020.07.003
https://doi.org/10.1016/j.jiph.2020.07.003
https://scholar.google.com/scholar_lookup?title=The+interaction+among+gut+microbes,+the+intestinal+barrier+and+short+chain+fatty+acids&author=Ma,+J.&author=Piao,+X.&author=Mahfuz,+S.&author=Long,+S.&author=Wang,+J.&publication_year=2022&journal=Anim.+Nutr.&volume=9&pages=159%E2%80%93174&doi=10.1016/j.aninu.2021.09.012
https://doi.org/10.1016/j.aninu.2021.09.012
https://scholar.google.com/scholar_lookup?title=Intestinal+mucosal+barrier+function+in+health+and+disease&author=Turner,+J.R.&publication_year=2009&journal=Nat.+Rev.+Immunol.&volume=9&pages=799%E2%80%93809&doi=10.1038/nri2653
https://scholar.google.com/scholar_lookup?title=Intestinal+mucosal+barrier+function+in+health+and+disease&author=Turner,+J.R.&publication_year=2009&journal=Nat.+Rev.+Immunol.&volume=9&pages=799%E2%80%93809&doi=10.1038/nri2653
https://doi.org/10.1038/nri2653
https://scholar.google.com/scholar_lookup?title=Mechanism+of+the+Gut+Microbiota+Colonization+Resistance+and+Enteric+Pathogen+Infection&author=Khan,+I.&author=Bai,+Y.&author=Zha,+L.&author=Ullah,+N.&author=Ullah,+H.&author=Shah,+S.R.H.&author=Sun,+H.&author=Zhang,+C.&publication_year=2021&journal=Front.+Cell+Infect.+Microbiol.&volume=11&pages=716299&doi=10.3389/fcimb.2021.716299
https://doi.org/10.3389/fcimb.2021.716299
https://scholar.google.com/scholar_lookup?title=The+Human+Gut+Microbiome:+From+Association+to+Modulation&author=Schmidt,+T.S.B.&author=Raes,+J.&author=Bork,+P.&publication_year=2018&journal=Cell&volume=172&pages=1198%E2%80%931215&doi=10.1016/j.cell.2018.02.044
https://doi.org/10.1016/j.cell.2018.02.044
https://scholar.google.com/scholar_lookup?title=Pharmacological+Efficacy+of+Probiotics+in+Respiratory+Viral+Infections:+A+Comprehensive+Review&author=Wahab,+S.&author=Almaghaslah,+D.&author=Mahmood,+S.E.&author=Ahmad,+M.F.&author=Alsayegh,+A.A.&author=Abu+Haddash,+Y.M.&author=Rahman,+M.A.&author=Ahamd,+I.&author=Ahmad,+W.&author=Khalid,+M.&publication_year=2022&journal=J.+Pers.+Med.&volume=12&pages=1291&doi=10.3390/jpm12081292
https://doi.org/10.3390/jpm12081292
https://scholar.google.com/scholar_lookup?title=Lactobacillus+bulgaricus+or+Lactobacillus+rhamnosus+Suppresses+NF-kappaB+Signaling+Pathway+and+Protects+against+AFB(1)-Induced+Hepatitis:+A+Novel+Potential+Preventive+Strategy+for+Aflatoxicosis?&author=Chen,+Y.&author=Li,+R.&author=Chang,+Q.&author=Dong,+Z.&author=Yang,+H.&author=Xu,+C.&publication_year=2019&journal=Toxins&volume=11&pages=17&doi=10.3390/toxins11010017
https://doi.org/10.3390/toxins11010017
https://scholar.google.com/scholar_lookup?title=Oral+administration+of+Lactobacillus+delbrueckii+subspecies+bulgaricus+OLL1073R-1+suppresses+inflammation+by+decreasing+interleukin-6+responses+in+a+murine+model+of+atopic+dermatitis&author=Kano,+H.&author=Kita,+J.&author=Makino,+S.&author=Ikegami,+S.&author=Itoh,+H.&publication_year=2013&journal=J.+Dairy+Sci.&volume=96&pages=3525%E2%80%933534&doi=10.3168/jds.2012-6514
https://scholar.google.com/scholar_lookup?title=Oral+administration+of+Lactobacillus+delbrueckii+subspecies+bulgaricus+OLL1073R-1+suppresses+inflammation+by+decreasing+interleukin-6+responses+in+a+murine+model+of+atopic+dermatitis&author=Kano,+H.&author=Kita,+J.&author=Makino,+S.&author=Ikegami,+S.&author=Itoh,+H.&publication_year=2013&journal=J.+Dairy+Sci.&volume=96&pages=3525%E2%80%933534&doi=10.3168/jds.2012-6514
https://doi.org/10.3168/jds.2012-6514
https://scholar.google.com/scholar_lookup?title=Anti-inflammatory+properties+of+dairy+lactobacilli&author=Santos+Rocha,+C.&author=Lakhdari,+O.&author=Blottiere,+H.M.&author=Blugeon,+S.&author=Sokol,+H.&author=Bermudez-Humaran,+L.G.&author=Azevedo,+V.&author=Miyoshi,+A.&author=Dore,+J.&author=Langella,+P.&publication_year=2012&journal=Inflamm.+Bowel+Dis.&volume=18&pages=657%E2%80%93666&doi=10.1002/ibd.21834
https://doi.org/10.1002/ibd.21834


 
 

© 2024 Millennium Health Centers, Inc.  All rights reserved. This publication and its content, including but not limited to text, images, and data, are protected by copyright law. No part of this 

publication may be reproduced, distributed, transmitted, or utilized in any form or by any means, including photocopying, recording, or other electronic or mechanical methods, without prior 

written permission from the copyright holder, except for brief quotations in a review or scholarly reference. 

 

Pa
ge
10

 

62. Barroso, F.A.L.; de Jesus, L.C.L.; de Castro, C.P.; Batista, 

V.L.; Ferreira, E.; Fernandes, R.S.; de Barros, A.L.B.; Leclerq, 

S.Y.; Azevedo, V.; Mancha-Agresti, P.; et al. Intake of 

Lactobacillus delbrueckii (pExu:hsp65) Prevents the 
Inflammation and the Disorganization of the Intestinal Mucosa 

in a Mouse Model of Mucositis. Microorganisms 2021, 9, 107. 

[Google Scholar] [CrossRef] [PubMed] 

63. Duan, C.; Tang, X.; Wang, W.; Qian, W.; Fu, X.; Deng, X.; 

Zhou, S.; Han, C.; Hou, X. Lactobacillus rhamnosus attenuates 

intestinal inflammation induced by Fusobacterium nucleatum 
infection by restoring the autophagic flux. Int. J. Mol. 

Med. 2021, 47, 125–136. [Google Scholar] [CrossRef] 

[PubMed] 

64. Gamallat, Y.; Meyiah, A.; Kuugbee, E.D.; Hago, A.M.; 

Chiwala, G.; Awadasseid, A.; Bamba, D.; Zhang, X.; Shang, 

X.; Luo, F.; et al. Lactobacillus rhamnosus induced epithelial 
cell apoptosis, ameliorates inflammation and prevents colon 

cancer development in an animal model. Biomed. 

Pharmacother. 2016, 83, 536–541. [Google Scholar] 

[CrossRef] 

65. Fang, H.W.; Fang, S.B.; Chiang Chiau, J.S.; Yeung, C.Y.; 

Chan, W.T.; Jiang, C.B.; Cheng, M.L.; Lee, H.C. Inhibitory 
effects of Lactobacillus casei subsp. rhamnosus on Salmonella 

lipopolysaccharide-induced inflammation and epithelial 

barrier dysfunction in a co-culture model using Caco-
2/peripheral blood mononuclear cells. J. Med. 

Microbiol. 2010, 59 Pt 5, 573–579. [Google Scholar] 

[CrossRef] 

66. Sichetti, M.; De Marco, S.; Pagiotti, R.; Traina, G.; Pietrella, 

D. Anti-inflammatory effect of multistrain probiotic 
formulation (L. rhamnosus, B. lactis, and B. 

longum). Nutrition 2018, 53, 95–102. [Google Scholar] 

[CrossRef] 

67. Kitazawa, H.; Villena, J. Modulation of Respiratory TLR3-

Anti-Viral Response by Probiotic Microorganisms: Lessons 

Learned from Lactobacillus rhamnosus CRL1505. Front. 
Immunol. 2014, 5, 201. [Google Scholar] [CrossRef] 

[PubMed] 

68. Villena, J.; Chiba, E.; Tomosada, Y.; Salva, S.; Marranzino, G.; 
Kitazawa, H.; Alvarez, S. Orally administered Lactobacillus 

rhamnosus modulates the respiratory immune response 

triggered by the viral pathogen-associated molecular pattern 
poly(I:C). BMC Immunol. 2012, 13, 53. [Google Scholar] 

[CrossRef] 

69. Liu, Y.; Chen, K.; Li, F.; Gu, Z.; Liu, Q.; He, L.; Shao, T.; 
Song, Q.; Zhu, F.; Zhang, L.; et al. Probiotic Lactobacillus 

rhamnosus GG Prevents Liver Fibrosis Through Inhibiting 

Hepatic Bile Acid Synthesis and Enhancing Bile Acid 
Excretion in Mice. Hepatology 2020, 71, 2050–2066. [Google 

Scholar] [CrossRef] 

70. Wang, H.; Zhou, C.; Huang, J.; Kuai, X.; Shao, X. The 
potential therapeutic role of Lactobacillus reuteri for treatment 

of inflammatory bowel disease. Am. J. Transl. Res. 2020, 12, 

1569–1583. [Google Scholar] [PubMed] 

71. Li, L.; Fang, Z.; Liu, X.; Hu, W.; Lu, W.; Lee, Y.K.; Zhao, J.; 

Zhang, H.; Chen, W. Lactobacillus reuteri attenuated allergic 

inflammation induced by HDM in the mouse and modulated 
gut microbes. PLoS ONE 2020, 15, e0231865. [Google 

Scholar] [CrossRef] [PubMed] 

72. Thomas, C.M.; Saulnier, D.M.; Spinler, J.K.; Hemarajata, P.; 
Gao, C.; Jones, S.E.; Grimm, A.; Balderas, M.A.; Burstein, 

M.D.; Morra, C.; et al. FolC2-mediated folate metabolism 

contributes to suppression of inflammation by probiotic 

Lactobacillus reuteri. Microbiologyopen 2016, 5, 802–818. 

[Google Scholar] [CrossRef] 

73. Gao, C.; Major, A.; Rendon, D.; Lugo, M.; Jackson, V.; Shi, 

Z.; Mori-Akiyama, Y.; Versalovic, J. Histamine H2 Receptor-
Mediated Suppression of Intestinal Inflammation by Probiotic 

Lactobacillus reuteri. mBio 2015, 6, e01358-15. [Google 

Scholar] [CrossRef] 

74. Liu, Y.; Fatheree, N.Y.; Mangalat, N.; Rhoads, J.M. Human-

derived probiotic Lactobacillus reuteri strains differentially 

reduce intestinal inflammation. Am. J. Physiol. Gastrointest. 
Liver Physiol. 2010, 299, G1087–G1096. [Google Scholar] 

[CrossRef] 

75. Widyarman, A.S.; Drestia, A.M.; Bachtiar, E.W.; Bachtiar, 
B.M. The Anti-inflammatory Effects of Glycerol-

supplemented Probiotic Lactobacillus reuteri on Infected 

Epithelial cells In vitro. Contemp. Clin. Dent. 2018, 9, 298–

303. [Google Scholar] [CrossRef] 

76. Yan, Y.; Liu, C.; Zhao, S.; Wang, X.; Wang, J.; Zhang, H.; 

Wang, Y.; Zhao, G. Probiotic Bifidobacterium lactis V9 
attenuates hepatic steatosis and inflammation in rats with non-

alcoholic fatty liver disease. AMB Express 2020, 10, 101. 

[Google Scholar] [CrossRef] 

77. Veiga, P.; Gallini, C.A.; Beal, C.; Michaud, M.; Delaney, M.L.; 

DuBois, A.; Khlebnikov, A.; van Hylckama Vlieg, J.E.; Punit, 

S.; Glickman, J.N.; et al. Bifidobacterium animalis subsp. 
lactis fermented milk product reduces inflammation by 

altering a niche for colitogenic microbes. Proc. Natl. Acad. 
Sci. USA 2010, 107, 18132–18137. [Google Scholar] 

[CrossRef] [PubMed] 

78. Bernini, L.J.; Simao, A.N.C.; de Souza, C.H.B.; Alfieri, D.F.; 
Segura, L.G.; Costa, G.N.; Dichi, I. Effect of Bifidobacterium 

lactis HN019 on inflammatory markers and oxidative stress in 

subjects with and without the metabolic syndrome. Br. J. 
Nutr. 2018, 120, 645–652. [Google Scholar] [CrossRef] 

[PubMed] 

79. Li, S.C.; Hsu, W.F.; Chang, J.S.; Shih, C.K. Combination of 
Lactobacillus acidophilus and Bifidobacterium animalis 

subsp. lactis Shows a Stronger Anti-Inflammatory Effect than 

Individual Strains in HT-29 Cells. Nutrients 2019, 11, 969. 

[Google Scholar] [CrossRef] 

80. Ceban, F.; Ling, S.; Lui, L.M.W.; Lee, Y.; Gill, H.; Teopiz, 

K.M.; Rodrigues, N.B.; Subramaniapillai, M.; Di Vincenzo, 
J.D.; Cao, B.; et al. Fatigue and cognitive impairment in Post-

COVID-19 Syndrome: A systematic review and meta-

analysis. Brain Behav. Immun. 2022, 101, 93–135. [Google 

Scholar] [CrossRef] [PubMed] 

81. O’Sullivan, O.; Houston, A.; Ladlow, P.; Barker-Davies, R.M.; 

Chamley, R.; Bennett, A.N.; Nicol, E.D.; Holdsworth, D.A. 
Factors influencing medium- and long-term occupational 

impact following COVID-19. Occup. Med. 2023, 74, 53–62. 

[Google Scholar] [CrossRef] 

82. Wibowo, M.C.; Yang, Z.; Borry, M.; Hubner, A.; Huang, K.D.; 

Tierney, B.T.; Zimmerman, S.; Barajas-Olmos, F.; Contreras-

Cubas, C.; Garcia-Ortiz, H.; et al. Reconstruction of ancient 
microbial genomes from the human gut. Nature 2021, 594, 

234–239. [Google Scholar] [CrossRef] 

83. O’Toole, P.W.; Shiels, P.G. The role of the microbiota in 
sedentary lifestyle disorders and ageing: Lessons from the 

animal kingdom. J. Intern. Med. 2020, 287, 271–282. [Google 

Scholar] [CrossRef] 

https://scholar.google.com/scholar_lookup?title=Intake+of+Lactobacillus+delbrueckii+(pExu:hsp65)+Prevents+the+Inflammation+and+the+Disorganization+of+the+Intestinal+Mucosa+in+a+Mouse+Model+of+Mucositis&author=Barroso,+F.A.L.&author=de+Jesus,+L.C.L.&author=de+Castro,+C.P.&author=Batista,+V.L.&author=Ferreira,+E.&author=Fernandes,+R.S.&author=de+Barros,+A.L.B.&author=Leclerq,+S.Y.&author=Azevedo,+V.&author=Mancha-Agresti,+P.&publication_year=2021&journal=Microorganisms&volume=9&pages=107&doi=10.3390/microorganisms9010107&pmid=33466324
https://doi.org/10.3390/microorganisms9010107
https://www.ncbi.nlm.nih.gov/pubmed/33466324
https://scholar.google.com/scholar_lookup?title=Lactobacillus+rhamnosus+attenuates+intestinal+inflammation+induced+by+Fusobacterium+nucleatum+infection+by+restoring+the+autophagic+flux&author=Duan,+C.&author=Tang,+X.&author=Wang,+W.&author=Qian,+W.&author=Fu,+X.&author=Deng,+X.&author=Zhou,+S.&author=Han,+C.&author=Hou,+X.&publication_year=2021&journal=Int.+J.+Mol.+Med.&volume=47&pages=125%E2%80%93136&doi=10.3892/ijmm.2020.4780&pmid=33236145
https://doi.org/10.3892/ijmm.2020.4780
https://www.ncbi.nlm.nih.gov/pubmed/33236145
https://scholar.google.com/scholar_lookup?title=Lactobacillus+rhamnosus+induced+epithelial+cell+apoptosis,+ameliorates+inflammation+and+prevents+colon+cancer+development+in+an+animal+model&author=Gamallat,+Y.&author=Meyiah,+A.&author=Kuugbee,+E.D.&author=Hago,+A.M.&author=Chiwala,+G.&author=Awadasseid,+A.&author=Bamba,+D.&author=Zhang,+X.&author=Shang,+X.&author=Luo,+F.&publication_year=2016&journal=Biomed.+Pharmacother.&volume=83&pages=536%E2%80%93541&doi=10.1016/j.biopha.2016.07.001
https://doi.org/10.1016/j.biopha.2016.07.001
https://scholar.google.com/scholar_lookup?title=Inhibitory+effects+of+Lactobacillus+casei+subsp.+rhamnosus+on+Salmonella+lipopolysaccharide-induced+inflammation+and+epithelial+barrier+dysfunction+in+a+co-culture+model+using+Caco-2/peripheral+blood+mononuclear+cells&author=Fang,+H.W.&author=Fang,+S.B.&author=Chiang+Chiau,+J.S.&author=Yeung,+C.Y.&author=Chan,+W.T.&author=Jiang,+C.B.&author=Cheng,+M.L.&author=Lee,+H.C.&publication_year=2010&journal=J.+Med.+Microbiol.&volume=59&issue=Pt+5&pages=573%E2%80%93579&doi=10.1099/jmm.0.009662-0
https://doi.org/10.1099/jmm.0.009662-0
https://scholar.google.com/scholar_lookup?title=Anti-inflammatory+effect+of+multistrain+probiotic+formulation+(L.+rhamnosus,+B.+lactis,+and+B.+longum)&author=Sichetti,+M.&author=De+Marco,+S.&author=Pagiotti,+R.&author=Traina,+G.&author=Pietrella,+D.&publication_year=2018&journal=Nutrition&volume=53&pages=95%E2%80%93102&doi=10.1016/j.nut.2018.02.005
https://doi.org/10.1016/j.nut.2018.02.005
https://scholar.google.com/scholar_lookup?title=Modulation+of+Respiratory+TLR3-Anti-Viral+Response+by+Probiotic+Microorganisms:+Lessons+Learned+from+Lactobacillus+rhamnosus+CRL1505&author=Kitazawa,+H.&author=Villena,+J.&publication_year=2014&journal=Front.+Immunol.&volume=5&pages=201&doi=10.3389/fimmu.2014.00201&pmid=24860569
https://doi.org/10.3389/fimmu.2014.00201
https://www.ncbi.nlm.nih.gov/pubmed/24860569
https://scholar.google.com/scholar_lookup?title=Orally+administered+Lactobacillus+rhamnosus+modulates+the+respiratory+immune+response+triggered+by+the+viral+pathogen-associated+molecular+pattern+poly(I:C)&author=Villena,+J.&author=Chiba,+E.&author=Tomosada,+Y.&author=Salva,+S.&author=Marranzino,+G.&author=Kitazawa,+H.&author=Alvarez,+S.&publication_year=2012&journal=BMC+Immunol.&volume=13&pages=53&doi=10.1186/1471-2172-13-53
https://doi.org/10.1186/1471-2172-13-53
https://scholar.google.com/scholar_lookup?title=Probiotic+Lactobacillus+rhamnosus+GG+Prevents+Liver+Fibrosis+Through+Inhibiting+Hepatic+Bile+Acid+Synthesis+and+Enhancing+Bile+Acid+Excretion+in+Mice&author=Liu,+Y.&author=Chen,+K.&author=Li,+F.&author=Gu,+Z.&author=Liu,+Q.&author=He,+L.&author=Shao,+T.&author=Song,+Q.&author=Zhu,+F.&author=Zhang,+L.&publication_year=2020&journal=Hepatology&volume=71&pages=2050%E2%80%932066&doi=10.1002/hep.30975
https://scholar.google.com/scholar_lookup?title=Probiotic+Lactobacillus+rhamnosus+GG+Prevents+Liver+Fibrosis+Through+Inhibiting+Hepatic+Bile+Acid+Synthesis+and+Enhancing+Bile+Acid+Excretion+in+Mice&author=Liu,+Y.&author=Chen,+K.&author=Li,+F.&author=Gu,+Z.&author=Liu,+Q.&author=He,+L.&author=Shao,+T.&author=Song,+Q.&author=Zhu,+F.&author=Zhang,+L.&publication_year=2020&journal=Hepatology&volume=71&pages=2050%E2%80%932066&doi=10.1002/hep.30975
https://doi.org/10.1002/hep.30975
https://scholar.google.com/scholar_lookup?title=The+potential+therapeutic+role+of+Lactobacillus+reuteri+for+treatment+of+inflammatory+bowel+disease&author=Wang,+H.&author=Zhou,+C.&author=Huang,+J.&author=Kuai,+X.&author=Shao,+X.&publication_year=2020&journal=Am.+J.+Transl.+Res.&volume=12&pages=1569%E2%80%931583&pmid=32509162
https://www.ncbi.nlm.nih.gov/pubmed/32509162
https://scholar.google.com/scholar_lookup?title=Lactobacillus+reuteri+attenuated+allergic+inflammation+induced+by+HDM+in+the+mouse+and+modulated+gut+microbes&author=Li,+L.&author=Fang,+Z.&author=Liu,+X.&author=Hu,+W.&author=Lu,+W.&author=Lee,+Y.K.&author=Zhao,+J.&author=Zhang,+H.&author=Chen,+W.&publication_year=2020&journal=PLoS+ONE&volume=15&pages=e0231865&doi=10.1371/journal.pone.0231865&pmid=32315360
https://scholar.google.com/scholar_lookup?title=Lactobacillus+reuteri+attenuated+allergic+inflammation+induced+by+HDM+in+the+mouse+and+modulated+gut+microbes&author=Li,+L.&author=Fang,+Z.&author=Liu,+X.&author=Hu,+W.&author=Lu,+W.&author=Lee,+Y.K.&author=Zhao,+J.&author=Zhang,+H.&author=Chen,+W.&publication_year=2020&journal=PLoS+ONE&volume=15&pages=e0231865&doi=10.1371/journal.pone.0231865&pmid=32315360
https://doi.org/10.1371/journal.pone.0231865
https://www.ncbi.nlm.nih.gov/pubmed/32315360
https://scholar.google.com/scholar_lookup?title=FolC2-mediated+folate+metabolism+contributes+to+suppression+of+inflammation+by+probiotic+Lactobacillus+reuteri&author=Thomas,+C.M.&author=Saulnier,+D.M.&author=Spinler,+J.K.&author=Hemarajata,+P.&author=Gao,+C.&author=Jones,+S.E.&author=Grimm,+A.&author=Balderas,+M.A.&author=Burstein,+M.D.&author=Morra,+C.&publication_year=2016&journal=Microbiologyopen&volume=5&pages=802%E2%80%93818&doi=10.1002/mbo3.371
https://doi.org/10.1002/mbo3.371
https://scholar.google.com/scholar_lookup?title=Histamine+H2+Receptor-Mediated+Suppression+of+Intestinal+Inflammation+by+Probiotic+Lactobacillus+reuteri&author=Gao,+C.&author=Major,+A.&author=Rendon,+D.&author=Lugo,+M.&author=Jackson,+V.&author=Shi,+Z.&author=Mori-Akiyama,+Y.&author=Versalovic,+J.&publication_year=2015&journal=mBio&volume=6&pages=e01358-15&doi=10.1128/mBio.01358-15
https://scholar.google.com/scholar_lookup?title=Histamine+H2+Receptor-Mediated+Suppression+of+Intestinal+Inflammation+by+Probiotic+Lactobacillus+reuteri&author=Gao,+C.&author=Major,+A.&author=Rendon,+D.&author=Lugo,+M.&author=Jackson,+V.&author=Shi,+Z.&author=Mori-Akiyama,+Y.&author=Versalovic,+J.&publication_year=2015&journal=mBio&volume=6&pages=e01358-15&doi=10.1128/mBio.01358-15
https://doi.org/10.1128/mBio.01358-15
https://scholar.google.com/scholar_lookup?title=Human-derived+probiotic+Lactobacillus+reuteri+strains+differentially+reduce+intestinal+inflammation&author=Liu,+Y.&author=Fatheree,+N.Y.&author=Mangalat,+N.&author=Rhoads,+J.M.&publication_year=2010&journal=Am.+J.+Physiol.+Gastrointest.+Liver+Physiol.&volume=299&pages=G1087%E2%80%93G1096&doi=10.1152/ajpgi.00124.2010
https://doi.org/10.1152/ajpgi.00124.2010
https://scholar.google.com/scholar_lookup?title=The+Anti-inflammatory+Effects+of+Glycerol-supplemented+Probiotic+Lactobacillus+reuteri+on+Infected+Epithelial+cells+In+vitro&author=Widyarman,+A.S.&author=Drestia,+A.M.&author=Bachtiar,+E.W.&author=Bachtiar,+B.M.&publication_year=2018&journal=Contemp.+Clin.+Dent.&volume=9&pages=298%E2%80%93303&doi=10.4103/ccd.ccd_53_18
https://doi.org/10.4103/ccd.ccd_53_18
https://scholar.google.com/scholar_lookup?title=Probiotic+Bifidobacterium+lactis+V9+attenuates+hepatic+steatosis+and+inflammation+in+rats+with+non-alcoholic+fatty+liver+disease&author=Yan,+Y.&author=Liu,+C.&author=Zhao,+S.&author=Wang,+X.&author=Wang,+J.&author=Zhang,+H.&author=Wang,+Y.&author=Zhao,+G.&publication_year=2020&journal=AMB+Express&volume=10&pages=101&doi=10.1186/s13568-020-01038-y
https://doi.org/10.1186/s13568-020-01038-y
https://scholar.google.com/scholar_lookup?title=Bifidobacterium+animalis+subsp.+lactis+fermented+milk+product+reduces+inflammation+by+altering+a+niche+for+colitogenic+microbes&author=Veiga,+P.&author=Gallini,+C.A.&author=Beal,+C.&author=Michaud,+M.&author=Delaney,+M.L.&author=DuBois,+A.&author=Khlebnikov,+A.&author=van+Hylckama+Vlieg,+J.E.&author=Punit,+S.&author=Glickman,+J.N.&publication_year=2010&journal=Proc.+Natl.+Acad.+Sci.+USA&volume=107&pages=18132%E2%80%9318137&doi=10.1073/pnas.1011737107&pmid=20921388
https://doi.org/10.1073/pnas.1011737107
https://www.ncbi.nlm.nih.gov/pubmed/20921388
https://scholar.google.com/scholar_lookup?title=Effect+of+Bifidobacterium+lactis+HN019+on+inflammatory+markers+and+oxidative+stress+in+subjects+with+and+without+the+metabolic+syndrome&author=Bernini,+L.J.&author=Simao,+A.N.C.&author=de+Souza,+C.H.B.&author=Alfieri,+D.F.&author=Segura,+L.G.&author=Costa,+G.N.&author=Dichi,+I.&publication_year=2018&journal=Br.+J.+Nutr.&volume=120&pages=645%E2%80%93652&doi=10.1017/S0007114518001861&pmid=30058513
https://doi.org/10.1017/S0007114518001861
https://www.ncbi.nlm.nih.gov/pubmed/30058513
https://scholar.google.com/scholar_lookup?title=Combination+of+Lactobacillus+acidophilus+and+Bifidobacterium+animalis+subsp.+lactis+Shows+a+Stronger+Anti-Inflammatory+Effect+than+Individual+Strains+in+HT-29+Cells&author=Li,+S.C.&author=Hsu,+W.F.&author=Chang,+J.S.&author=Shih,+C.K.&publication_year=2019&journal=Nutrients&volume=11&pages=969&doi=10.3390/nu11050969
https://doi.org/10.3390/nu11050969
https://scholar.google.com/scholar_lookup?title=Fatigue+and+cognitive+impairment+in+Post-COVID-19+Syndrome:+A+systematic+review+and+meta-analysis&author=Ceban,+F.&author=Ling,+S.&author=Lui,+L.M.W.&author=Lee,+Y.&author=Gill,+H.&author=Teopiz,+K.M.&author=Rodrigues,+N.B.&author=Subramaniapillai,+M.&author=Di+Vincenzo,+J.D.&author=Cao,+B.&publication_year=2022&journal=Brain+Behav.+Immun.&volume=101&pages=93%E2%80%93135&doi=10.1016/j.bbi.2021.12.020&pmid=34973396
https://scholar.google.com/scholar_lookup?title=Fatigue+and+cognitive+impairment+in+Post-COVID-19+Syndrome:+A+systematic+review+and+meta-analysis&author=Ceban,+F.&author=Ling,+S.&author=Lui,+L.M.W.&author=Lee,+Y.&author=Gill,+H.&author=Teopiz,+K.M.&author=Rodrigues,+N.B.&author=Subramaniapillai,+M.&author=Di+Vincenzo,+J.D.&author=Cao,+B.&publication_year=2022&journal=Brain+Behav.+Immun.&volume=101&pages=93%E2%80%93135&doi=10.1016/j.bbi.2021.12.020&pmid=34973396
https://doi.org/10.1016/j.bbi.2021.12.020
https://www.ncbi.nlm.nih.gov/pubmed/34973396
https://scholar.google.com/scholar_lookup?title=Factors+influencing+medium-+and+long-term+occupational+impact+following+COVID-19&author=O%E2%80%99Sullivan,+O.&author=Houston,+A.&author=Ladlow,+P.&author=Barker-Davies,+R.M.&author=Chamley,+R.&author=Bennett,+A.N.&author=Nicol,+E.D.&author=Holdsworth,+D.A.&publication_year=2023&journal=Occup.+Med.&volume=74&pages=53%E2%80%9362&doi=10.1093/occmed/kqad041
https://doi.org/10.1093/occmed/kqad041
https://scholar.google.com/scholar_lookup?title=Reconstruction+of+ancient+microbial+genomes+from+the+human+gut&author=Wibowo,+M.C.&author=Yang,+Z.&author=Borry,+M.&author=Hubner,+A.&author=Huang,+K.D.&author=Tierney,+B.T.&author=Zimmerman,+S.&author=Barajas-Olmos,+F.&author=Contreras-Cubas,+C.&author=Garcia-Ortiz,+H.&publication_year=2021&journal=Nature&volume=594&pages=234%E2%80%93239&doi=10.1038/s41586-021-03532-0
https://doi.org/10.1038/s41586-021-03532-0
https://scholar.google.com/scholar_lookup?title=The+role+of+the+microbiota+in+sedentary+lifestyle+disorders+and+ageing:+Lessons+from+the+animal+kingdom&author=O%E2%80%99Toole,+P.W.&author=Shiels,+P.G.&publication_year=2020&journal=J.+Intern.+Med.&volume=287&pages=271%E2%80%93282&doi=10.1111/joim.13021
https://scholar.google.com/scholar_lookup?title=The+role+of+the+microbiota+in+sedentary+lifestyle+disorders+and+ageing:+Lessons+from+the+animal+kingdom&author=O%E2%80%99Toole,+P.W.&author=Shiels,+P.G.&publication_year=2020&journal=J.+Intern.+Med.&volume=287&pages=271%E2%80%93282&doi=10.1111/joim.13021
https://doi.org/10.1111/joim.13021

