
Arch Neurosci. 2021 October; 8(4):e119948.

Published online 2021 November 6.

doi: 10.5812/ans.119948.

Letter

Regulation of Intestinal Microbiota as a Therapeutic Target for

Neuroinflammatory Diseases in Persistent COVID

Diana Matias-Perez 1, 2 and Ivan Antonio Garcia-Montalvo 1, 2, *

1Division of Graduate Studies and Research, National Technological Institute of Mexico, Mexico City, Mexico
2Division of Graduate Studies and Research, Technologic Institute of Oaxaca, Oaxaca, Mexico

*Corresponding author: Division of Graduate Studies and Research, National Technological Institute of Mexico, Mexico City, Mexico. Email: ivan.garcia@itoaxaca.edu.mx

Received 2021 October 01; Revised 2021 October 17; Accepted 2021 October 23.

Keywords: COVID-19, Intestinal Microbiota, Neuroinflammatory Diseases

Dear Editor,
At the beginning of 2020, first COVID-19 cases were re-

ported outside China. SARS-CoV-2 presents a marked in-
flammatory response, which causes the cytokine storm,
a state of self-sustained hyperinflammation that occurs
together with a poor immune system (1, 2). At the
brain level, neural and immune cells serve as reser-
voirs for the virus, thereby allowing neurodegenerative
development (3, 4). Dysregulated immune responses
after infections can persist in what has been called
inflammation-immunosuppression syndrome and persis-
tent catabolism. A cytokine storm has been proposed to
initiate this specific immunological situation during the
acute phases of infectious pictures, similar to what oc-
curs in COVID-19. It results from the continuous release of
molecules called molecular patterns, which endanger the
damaged organs, causing chronic systemic inflammation
and a change in the production of stem cells from the bone
marrow toward the myeloid cells. This contributes to the
appearance of chronic anemia and lymphopenia. In addi-
tion to respiratory distress, subjects suffering from COVID-
19 may manifest other symptoms characteristic of infec-
tion to the nervous system (vomiting, dizziness, nausea,
and frequent headaches) (5-7). The mechanism of entry
of the SARS-CoV-2 virus into the nervous system occurs via
the peripheral nerves (retrograde axonal transport from
the peripheral nerves; hematogenous route and via the ol-
factory nerve) and by the hematological route (leukocytes-
bloodstream or bloodstream-mucosa). The relationship
between persistent COVID-19 and neurodegeneration is
still unknown. However, the model presented by its prede-
cessor SARS-CoV can be taken as a model, which affects host
proteases (endosomal cathepsins, cell surface transmem-
brane proteases, and furin). These proteases are involved

in the pathogenesis of neurodegenerative diseases. In the
case of cathepsins, they participate in the degradation of
neuronal proteins such as huntingtin and alpha-synuclein.
The abnormal degradation of these proteases leads to an el-
evation and accumulation of them, causing alterations in
mitochondrial function, failure in response to the stress of
the endoplasmic reticulum and other proteases, and lead-
ing to the appearance of neurodegenerative diseases (8-
13). The microbiota performs health and disease regula-
tory functions. The intestinal microbiota presents an enor-
mous diversity, with microorganisms associated with the
subject’s age (Figure 1).

It is involved with specific colon activities (carbohy-
drate fermentation, vitamin synthesis, and xenobiotic
metabolism) and acts as a barrier for pathogenic bacteria
that invade the gastrointestinal tract. The microbiota al-
teration may be due to changes in dietary patterns, caus-
ing susceptibility to diseases (metabolic syndrome and
neurodegenerative disorders). It influences the synthesis
of neurotransmitters and neuromodulators, affecting the
communication between the intestine, the brain, and the
functions cerebral. Signal transduction is complex and can
include neural, endocrine, immune, and metabolic path-
ways. Several studies have proposed the mechanism of in-
fection that SARS-CoV-2 presents through the enterocytes
of the small intestine, the depletion of various bacterial
species as a consequence of COVID-19 associated with an
increase in TNF-α, CXCL10, CCL2, and IL-10, the interaction
of bacterial surfaces with viral proteins, and the structural
components of commensal bacteria such as gram-negative
(lipopolysaccharides) and gram-positive (peptidoglycans)
bacteria. The molecule responsible for inhibiting some vi-
ral infections is surfactin, a cyclic lipopeptide with viruci-
dal properties (Influenza A, Chikungunya, Ebola, and Zika).
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Figure 1. The representative scheme of intercommunication through the gut-brain axis

An example of the above is the participation of F. praus-
nitzii, inducing the production of regulatory T cells of the
human colon that secrete the anti-inflammatory cytokine
IL-10; the high concentration of E. rectole in the intestine
is related to the reduction of inflammation in Alzheimer’s
disease (14-17). Yeoh et al. concluded that alterations in the
gut microbiota were associated with immune dysregula-
tion because gut microorganisms were probably involved
in modulating host inflammatory responses in COVID-19
(18). The brain has immune cells that protect against infec-
tions and injuries that favor the neuronal plasticity process
and improve brain connectivity. However, those respon-
sible for the neuroinflammation process can affect the
mental state: the microglia (release of pro-inflammatory
molecules and amyloid beta-protein) and astrocytes. The
emission of the intestinal microbiota modulates the im-
mune system. In return, microbial symbionts control the
maturation and function of the immune system (19-21). By
way of conclusions, we can say that it is essential to mod-
ulate the composition and function of the intestinal mi-
crobiota in subjects with persistent COVID through natu-
ral products, such as probiotics, as a strategy to promote
immune function and thus modulate inflammatory re-
sponses. In this regard, we can mention lactic acid bacte-
ria (Lactobacilli, Streptococci, Pediococcus, Enterococcus, Bifi-
dobacteria, and Saccharomyces boulardii). Another possible
strategy is the inclusion of flavonoids in the diet since they
modulate the signaling pathway of nuclear factor-kappaβ
(NF-κB) and peripheral-cerebrovascular blood flow, reduc-
ing the damage and neuronal loss induced by neurotoxins

and neuroinflammation. In addition to the above, antibi-
otics, such as rifampin and minocycline, can be adminis-
tered, which have been shown to reduce the levels of beta-
amyloid protein in the brain. As a result, these antibiotics
reduce inflammation cytokines and avoid changes in the
microglia, which can delay depressive symptoms and the
emergence of persistent COVID anxiety.

Footnotes

Authors’ Contribution: DMP and IAGM participated in
designing, developing, writing, and revising the submit-
ted manuscript.

Conflict of Interests: The authors declare that they have
no conflicts of interest.

Funding/Support: The authors declare that they have not
received any funding from any institution or research cen-
ter to prepare this manuscript.

References

1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A Novel Coro-
navirus from Patients with Pneumonia in China, 2019. N Engl J Med.
2020;382(8):727–33. doi: 10.1056/NEJMoa2001017. [PubMed: 31978945].
[PubMed Central: PMC7092803].

2. Liu Y, Gayle AA, Wilder-Smith A, Rocklov J. The reproductive number
of COVID-19 is higher compared to SARS coronavirus. J Travel Med.
2020;27(2). doi: 10.1093/jtm/taaa021. [PubMed: 32052846]. [PubMed
Central: PMC7074654].

2 Arch Neurosci. 2021; 8(4):e119948.

http://dx.doi.org/10.1056/NEJMoa2001017
http://www.ncbi.nlm.nih.gov/pubmed/31978945
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7092803
http://dx.doi.org/10.1093/jtm/taaa021
http://www.ncbi.nlm.nih.gov/pubmed/32052846
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7074654


Matias-Perez D and Antonio Garcia-Montalvo I

3. Serrano-Castro PJ, Estivill-Torrus G, Cabezudo-Garcia P, Reyes-Bueno
JA, Ciano Petersen N, Aguilar-Castillo MJ, et al. Impact of SARS-
CoV-2 infection on neurodegenerative and neuropsychiatric dis-
eases: a delayed pandemic? Neurologia (Engl Ed). 2020;35(4):245–51.
doi: 10.1016/j.nrl.2020.04.002. [PubMed: 32364119]. [PubMed Central:
PMC7164900].

4. Pezzini A, Padovani A. Lifting the mask on neurological man-
ifestations of COVID-19. Nat Rev Neurol. 2020;16(11):636–44. doi:
10.1038/s41582-020-0398-3. [PubMed: 32839585]. [PubMed Central:
PMC7444680].

5. Hawkins RB, Raymond SL, Stortz JA, Horiguchi H, Brakenridge
SC, Gardner A, et al. Chronic Critical Illness and the Persistent
Inflammation, Immunosuppression, and Catabolism Syndrome.
Front Immunol. 2018;9:1511. doi: 10.3389/fimmu.2018.01511. [PubMed:
30013565]. [PubMed Central: PMC6036179].

6. Li YC, Bai WZ, Hashikawa T. The neuroinvasive potential of SARS-CoV2
may play a role in the respiratory failure of COVID-19 patients. J Med
Virol. 2020;92(6):552–5. doi: 10.1002/jmv.25728. [PubMed: 32104915].
[PubMed Central: PMC7228394].

7. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical Charac-
teristics of 138 Hospitalized Patients With 2019 Novel Coronavirus-
Infected Pneumonia in Wuhan, China. JAMA. 2020;323(11):1061–9.
doi: 10.1001/jama.2020.1585. [PubMed: 32031570]. [PubMed Central:
PMC7042881].

8. Desforges M, Le Coupanec A, Dubeau P, Bourgouin A, Lajoie L, Dube
M, et al. Human Coronaviruses and Other Respiratory Viruses: Un-
derestimated Opportunistic Pathogens of the Central Nervous Sys-
tem? Viruses. 2019;12(1). doi: 10.3390/v12010014. [PubMed: 31861926].
[PubMed Central: PMC7020001].

9. Politi LS, Salsano E, Grimaldi M. Magnetic Resonance Imaging Alter-
ation of the Brain in a Patient With Coronavirus Disease 2019 (COVID-
19) and Anosmia. JAMA Neurol. 2020;77(8):1028–9. doi: 10.1001/jama-
neurol.2020.2125. [PubMed: 32469400].

10. Chan CP, Siu KL, Chin KT, Yuen KY, Zheng B, Jin DY. Modulation
of the unfolded protein response by the severe acute respiratory
syndrome coronavirus spike protein. J Virol. 2006;80(18):9279–87.
doi: 10.1128/JVI.00659-06. [PubMed: 16940539]. [PubMed Central:
PMC1563899].

11. Millet JK, Whittaker GR. Host cell proteases: Critical determinants
of Coronavirus tropism and pathogenesis. Virus Res. 2015;202:120–34.
doi: 10.1016/j.virusres.2014.11.021. [PubMed: 25445340]. [PubMed Cen-
tral: PMC4465284].

12. Vidoni C, Follo C, Savino M, Melone MA, Isidoro C. The Role of Cathep-
sin D in the Pathogenesis of Human Neurodegenerative Disorders.
Med Res Rev. 2016;36(5):845–70. doi: 10.1002/med.21394. [PubMed:
27114232].

13. de JV, Forlenza AS, Forlenza OV. Relevance of gutmicrobiota in cogni-
tion, behaviour and Alzheimer’s disease. Pharmacol Res. 2018;136:29–
34. doi: 10.1016/j.phrs.2018.07.007. [PubMed: 30138667].

14. Vabret N, Britton GJ, Gruber C, Hegde S, Kim J, Kuksin M, et al.
Immunology of COVID-19: Current State of the Science. Immu-
nity. 2020;52(6):910–41. doi: 10.1016/j.immuni.2020.05.002. [PubMed:
32505227]. [PubMed Central: PMC7200337].

15. Schirmer M, Smeekens SP, Vlamakis H, Jaeger M, Oosting M, Fran-
zosa EA, et al. Linking the Human Gut Microbiome to Inflam-
matory Cytokine Production Capacity. Cell. 2016;167(4):1125–1136 e8.
doi: 10.1016/j.cell.2016.10.020. [PubMed: 27814509]. [PubMed Central:
PMC5131922].

16. Cattaneo A, Cattane N, Galluzzi S, Provasi S, Lopizzo N, Festari C,
et al. Association of brain amyloidosis with pro-inflammatory
gut bacterial taxa and peripheral inflammation markers in
cognitively impaired elderly. Neurobiol Aging. 2017;49:60–8. doi:
10.1016/j.neurobiolaging.2016.08.019. [PubMed: 27776263].

17. Riedel CU, Foata F, Philippe D, Adolfsson O, Eikmanns BJ, Blum S. Anti-
inflammatory effects of bifidobacteria by inhibition of LPS-induced
NF-kappaB activation. World J Gastroenterol. 2006;12(23):3729–35.
doi: 10.3748/wjg.v12.i23.3729. [PubMed: 16773690]. [PubMed Central:
PMC4087466].

18. Yeoh YK, Zuo T, Lui GC, Zhang F, Liu Q, Li AY, et al. Gut micro-
biota composition reflects disease severity and dysfunctional im-
mune responses in patients with COVID-19. Gut. 2021;70(4):698–706.
doi: 10.1136/gutjnl-2020-323020. [PubMed: 33431578]. [PubMed Cen-
tral: PMC7804842].

19. Schmidt TSB, Raes J, Bork P. The Human Gut Microbiome:
From Association to Modulation. Cell. 2018;172(6):1198–215. doi:
10.1016/j.cell.2018.02.044. [PubMed: 29522742].

20. Kowalski K, Mulak A. Brain-Gut-Microbiota Axis in Alzheimer’s
Disease. J Neurogastroenterol Motil. 2019;25(1):48–60. doi:
10.5056/jnm18087. [PubMed: 30646475]. [PubMed Central:
PMC6326209].

21. Megur A, Baltriukiene D, Bukelskiene V, Burokas A. The Microbiota-
Gut-Brain Axis and Alzheimer’s Disease: Neuroinflammation Is to
Blame? Nutrients. 2020;13(1). doi: 10.3390/nu13010037. [PubMed:
33374235]. [PubMed Central: PMC7824474].

Arch Neurosci. 2021; 8(4):e119948. 3

http://dx.doi.org/10.1016/j.nrl.2020.04.002
http://www.ncbi.nlm.nih.gov/pubmed/32364119
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7164900
http://dx.doi.org/10.1038/s41582-020-0398-3
http://www.ncbi.nlm.nih.gov/pubmed/32839585
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7444680
http://dx.doi.org/10.3389/fimmu.2018.01511
http://www.ncbi.nlm.nih.gov/pubmed/30013565
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6036179
http://dx.doi.org/10.1002/jmv.25728
http://www.ncbi.nlm.nih.gov/pubmed/32104915
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7228394
http://dx.doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32031570
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7042881
http://dx.doi.org/10.3390/v12010014
http://www.ncbi.nlm.nih.gov/pubmed/31861926
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7020001
http://dx.doi.org/10.1001/jamaneurol.2020.2125
http://dx.doi.org/10.1001/jamaneurol.2020.2125
http://www.ncbi.nlm.nih.gov/pubmed/32469400
http://dx.doi.org/10.1128/JVI.00659-06
http://www.ncbi.nlm.nih.gov/pubmed/16940539
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1563899
http://dx.doi.org/10.1016/j.virusres.2014.11.021
http://www.ncbi.nlm.nih.gov/pubmed/25445340
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4465284
http://dx.doi.org/10.1002/med.21394
http://www.ncbi.nlm.nih.gov/pubmed/27114232
http://dx.doi.org/10.1016/j.phrs.2018.07.007
http://www.ncbi.nlm.nih.gov/pubmed/30138667
http://dx.doi.org/10.1016/j.immuni.2020.05.002
http://www.ncbi.nlm.nih.gov/pubmed/32505227
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7200337
http://dx.doi.org/10.1016/j.cell.2016.10.020
http://www.ncbi.nlm.nih.gov/pubmed/27814509
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5131922
http://dx.doi.org/10.1016/j.neurobiolaging.2016.08.019
http://www.ncbi.nlm.nih.gov/pubmed/27776263
http://dx.doi.org/10.3748/wjg.v12.i23.3729
http://www.ncbi.nlm.nih.gov/pubmed/16773690
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4087466
http://dx.doi.org/10.1136/gutjnl-2020-323020
http://www.ncbi.nlm.nih.gov/pubmed/33431578
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7804842
http://dx.doi.org/10.1016/j.cell.2018.02.044
http://www.ncbi.nlm.nih.gov/pubmed/29522742
http://dx.doi.org/10.5056/jnm18087
http://www.ncbi.nlm.nih.gov/pubmed/30646475
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6326209
http://dx.doi.org/10.3390/nu13010037
http://www.ncbi.nlm.nih.gov/pubmed/33374235
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7824474

	Figure 1
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Funding/Support: 

	References

