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Dear Editor, 

Magusali et al1 recently reported a genetic link between risk for Alzheimer’s disease (AD) and 
severe COVID-19 outcomes via the expression of the OAS1 gene. This is the first study investigating 
a genetic link between the two disorders.

Our letter aims to discuss the possible mechanisms underlying this finding and understand whether 
decreased expression of OAS1 might be linked to presence and persistence of anosmia in patients affected 
from COVID-19-related smell alteration. Magusali et al1 identified four alleles adjacent to Oligoadenylate 
Synthetase 1 (OAS1) and OAS3 that might be responsible of the increased risk of developing AD and se-
vere COVID-19. The authors identified that the upregulation of OAS1a triggers a pro-inflammatory state 
of microglia. OAS1 is involved in the regulation of cytokine expression, and it has been recently identified 
as a putative new risk gene for AD by a genome wide association study (GWAS). This GWAS has also iden-
tified the contribution of OAS1 gene to the genetic risk associated with critical outcomes of COVID-19. This 
gene expression is also involved in the interferon response. In the Magusali’s study1, the reduction of the 
expression of this gene induced differentiation of pluripotent stem cell to microglia; this excess of microglia 
could result in an exaggerated pro-inflammatory response when stimulated with IFN-g; at the same time 
the pro-inflammatory state of microglia produces pro-inflammatory cytokines that contribute to the per-
petuation of the inflammatory response in the CNS. Magusali et al1 showed that the regulation of this gene 
affects the microglia, and the regulation of these cells (activities and phenotype) is fundamental to balance 
the neuro-inflammation phenomena. The latter might be the link between Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2) infection and long-term neurological sequela. 

We hypothesized that the inflammation of the olfactory bulbs (OBs)2, which causes the onset of 
anosmia in patients who suffers from less-severe form of COVID-193,4, might be a sign that heralds 
the development of long-term neurological concerns especially in those subjects who suffered 
from persistent smell alteration. Cadaveric studies5,6 have shown the presence of microglia into 
the OBs of patients with COVID-19 and alterations of the smell; these cells normally represent the 
immune response to limit the spread and the penetration of the virus to other part of the brain7,8. 
However, despite quite common, this symptom is not present in all patients and, more important 
does not persist more than few months (< 3) in the majority of the cases9. However, in a minority 
of patients, about 20%, it persists longer, and can become disabling10. We questioned whether this 
genetic link1 alone could explain the difference in the onset, severity, persistence, or resolution of 
the smell alterations or spike variants should be considered.

Bouayed and Bohn7 suggested that the heterogeneity of the host reaction to SARS-CoV-2 infection 
may reflect differences in activation of microglia, the cells that protect the brain from viral entry8. Ma-
gusali et al1 identified in the OAS1 gene the link that might explain the presence of pro-inflammatory 
microglia in case of COVID-19 severe infection. Since microglia have been identified in the OBs11, we 
speculate that i) this gene might be linked to the presence, progression, and persistence of anosmia, 
and ii) the presence of this symptom be a harbinger of future neurodegenerative disease as AD. 

The Spike protein is the main trigger of the neuroinflammatory events observed in SARS-CoV-2 
infection12 and can cross the blood-brain-barrier (ACE2 and TMPRSS2 BBB). Once in the brain, SARS-
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CoV-2 induces massive inflammation, activating microglia through TLR2-dependent activation of NF-
kB pathway. Spike subproteins (S1 and S2) induce production of pro-inflammatory cytokines IL-6, 
TNFa, and IL-1b (S2 more potently than S1) in the periphery (blood-macrophages) and in the microg-
lia of the CNS. The presence of pro-inflammatory cytokines induces the increase of pro-inflammatory 
microglia phenotype, which, in patients who present with low levels of OAS1, might be massive and 
results in extensive synaptic damage with consequent loss of smell. As Magusali et al1 showed the 
interaction between the expression of this gene and microglia as plausible link between AD and 
COVID-19, we hypothesize that his concept might also incorporate the alteration of the smell. In fact, 
smell disorders have been identified as one of the earliest symptoms of AD13, and in both diseases 
(COVID-19 and AD) neuro-inflammation and neurodegeneration play a key role14. On the other hand, 
the response to the inflammatory event and the modulation of neuroinflammation are strongly cor-
related with the genetic profiles of affected patients15. These genetic risk factors correlate with the 
resolution or persistence of the inflammatory processes inside and outside the brain15. 

Magusali’s study1 was focused on the genetic profile of the host, but we think that also the vari-
ants of Spike proteins should be further investigated, taking into consideration the variable severity of 
COVID-19. In fact, different Spike proteins combined with different genetic susceptibility of the host 
to its inflammatory effects, might play a role in determining the severity of infection, both in the sys-
temic and localized form. The same mechanism could also explain the difference in the prevalence and 
persistence of the olfactory disorders, given that anosmia starts from olfactory bulbs infection and con-
sequent inflammation3. The interaction between the genetics of the host and the virus, the ability to 
modulate the inflammation both at local (nose) and systemic level of the host, as well as their predispo-
sition to neuro-inflammation, might all explain the reason why some patients have long-lasting smell 
disorders. Long-term observational studies on patients with persistent olfactory problems would be 
necessary to understand whether the smell alteration might be a harbinger of neurodegenerative dis-
ease. In this unlucky occurrence, we should consider SARS-CoV-2-related neurodegenerative diseases. 

If persistent post-COVID-19 anosmia might be related to the presence of OAS1 in the patients, an 
early treatment with anti-inflammatory agents as well as modulators of the microglia response10,16 

might prevent the development of a neurodegenerative disease (Figure 1). Further, prospective 
studies are needed to confirm these findings and to shed more light on our hypothesis.
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Figure 1. Proposed role 
of neuroinflammation 
and inflammatory modu-
lators in clinical course 
of COVID-19 anosmia. 
A patient’s susceptibility 
profile may interact with 
viral infection to influ-
ence prognosis. Shifting 
microglial transitions an-
ti-inflammatory microg-
lia state with modulators 
may reduce neuroinflam-
mation, thereby reducing 
synaptic injury and risk 
of persistent anosmia.



Letter to the Editor

349

Acknowledgements
None.

Conflict of interest
The authors declare that they have no conflict of interest.

References
    1)	 Magusali N, Graham AC, Piers TM, Panichnantakul P, Yaman U, Shoai M, Reynolds RH, Botia JA, Brookes KJ, Guet-

ta-Baranes T, Bellou E, Bayram S, Sokolova D, Ryten M, Sala Frigerio C, Escott-Price V, Morgan K, Pocock JM, Hardy 
J, Salih DA. A genetic link between risk for Alzheimer’s disease and severe COVID-19 outcomes via the OAS1 gene. 
Brain 2021; awab337.

    2)	 Mahalaxmi I, Kaavya J, Mohana Devi S, Balachandar V. COVID-19 and olfactory dysfunction: A possible associative ap-
proach towards neurodegenerative diseases. J Cell Physiol 2021; 236: 763-770. 

    3)	 D’Ascanio L, Pandolfini M, Cingolani C, Latini G, Gradoni P, Capalbo M, Frausini G, Maranzano M, Brenner MJ, Di Sta-
dio A. Olfactory Dysfunction in COVID-19 Patients: Prevalence and Prognosis for Recovering Sense of Smell. Otolaryn-
gol Head Neck Surg 2021; 164: 82-86.

    4)	 Ralli M, Di Stadio A, Greco A, de Vincentiis M, Polimeni A. Defining the burden of olfactory dysfunction in COVID-19 pa-
tients. Eur Rev Med Pharmacol Sci. 2020; 24: 3440-3441.

    5)	 Stoyanov GS, Petkova L, Dzhenkov DL, Sapundzhiev NR, Todorov I. Gross and Histopathology of COVID-19 With First 
Histology Report of Olfactory Bulb Changes. Cureus 2020; 12: e11912.

    6)	 Lee MH, Perl DP, Nair G, Li W, Maric D, Murray H, Dodd SJ, Koretsky AP, Watts JA, Cheung V, Masliah E, Horkayne-
Szakaly I, Jones R, Stram MN, Moncur J, Hefti M, Folkerth RD, Nath A.  Microvascular Injury in the Brains of Patients 
with Covid-19. N Engl J Med 2021; 384: 481-483.

    7)	 Bouayed J, Bohn T. The link between microglia and the severity of COVID-19: The “two-hit” hypothesis. J Med Virol 2021; 
93: 4111-4113.

    8)	 Moseman EA, Blanchard AC, Nayak D, McGavern DB. T cell engagement of cross-presenting microglia protects the 
brain from a nasal virus infection. Sci Immunol 2020; 5: eabb1817.

    9)	 D’Ascanio L, Pandolfini M, Cingolani C, Latini G, Gradoni P, Capalbo M, Frausini G, Maranzano M, Brenner MJ, Di Sta-
dio A. Olfactory Dysfunction in COVID-19 Patients: Prevalence and Prognosis for Recovering Sense of Smell. Otolaryn-
gol Head Neck Surg 2021; 164: 82-86. 

  10)	 D’Ascanio L, Vitelli F, Cingolani C, Maranzano M, Brenner MJ, Di Stadio A. Randomized clinical trial “olfactory dysfunc-
tion after COVID-19: olfactory rehabilitation therapy vs. intervention treatment with Palmitoylethanolamide and Luteolin”: 
preliminary results. Eur Rev Med Pharmacol Sci 2021; 25: 4156-4162.

  11)	 Schwabenland M, Salié H, Tanevski J, Killmer S, Lago MS, Schlaak AE, Mayer L, Matschke J, Püschel K, Fitzek A, On-
druschka B, Mei HE, Boettler T, Neumann-Haefelin C, Hofmann M, Breithaupt A, Genc N, Stadelmann C, Saez-Rodri-
guez J, Bronsert P, Knobeloch KP, Blank T, Thimme R, Glatzel M, Prinz M, Bengsch B. Deep spatial profiling of human 
COVID-19 brains reveals neuroinflammation with distinct microanatomical microglia-T-cell interactions. Immunity 2021; 
54: 1594-1610.e11.

  12)	 Khan S, Shafiei MS, Longoria C, Schoggins J, Savani RC, Zaki H. SARS-CoV-2 spike protein induces inflammation via 
TLR2-dependent activation of the NF-kappaB pathway. bioRxiv. 2021.

  13)	 Kotecha AM, Correa ADC, Fisher KM, Rushworth JV. Olfactory Dysfunction as a Global Biomarker for Sniffing out Alz-
heimer’s Disease: A Meta-Analysis. Biosensors (Basel)  2018; 8: 41.

  14)	 Calsolaro V, Edison P. Neuroinflammation in Alzheimer’s disease: Current evidence and future directions. Alzheimers 
Dement 2016; 12: 719-732.

  15)	 Borghi C, Indraccolo U, Scutiero G, Iannone P, Martinello R, Greco P, Greco F, Nappi L. Biomolecular basis related to 
inflammation in the pathogenesis of endometrial cancer. Eur Rev Med Pharmacol Sci 2018; 22: 6294-6299.

  16)	 Di Stadio A, Angelini C. Microglia polarization by mitochondrial metabolism modulation: A therapeutic opportunity in neu-
rodegenerative diseases. Mitochondrion 2019; 46: 334-336.

A. Di Stadio1,2, E. Bernitsas3, M. Ralli4, C. Severini5, M.J. Brenner6, C. Angelini7

1Neuroinflammation Laboratory, UCL Queen Square Neurology, London, UK
2GF Ingrassia Department, University of Catania, Catania, Italy

3Multiple Sclerosis Center, Department of Neurology, Wayne State University School of Medicine, Detroit (MI), USA
4Organ of Sense Department, Sapienza University of Rome, Rome, Italy

5Department of Biology, CNR Institute of Cell Biology and Neurobiology, Rome, Italy 
6Department of Otolaryngology – Head and Neck Surgery, University of Michigan Medical School, 

Ann Arbor (MI), USA
7Department of Neurosciences, Campus Pietro d’Abano, University of Padua, Padua, Italy 


