
 

 

 

 

 

 

 

 

 

 

 

 

  

Publisher and Owner: Real-Publishers Limited (Realpub LLC) 
30 N Gould St Ste R, Sheridan, WY 82801, USA 

Associate Publisher: The Scientific Society of Educational Services Development [SSESD], Egypt  

      

                5 

 

 

 

 

https://realpublishers.us/index.php/sjms/index




Mohamed MS, et al.                                                                                     SJMS 2025 Jan-Feb; 4 (1): 1-6 

1 
 

 

 

 

 

Available online at Journal Website 
https://realpublishers.us/index.php/sjms/index  

Subject (Otorhinolaryngology) 

 

 

Original Article 
 
 

Histological Study of The Effect of COVID 19 on The Olfactory Mucosa 

of Patients With Post COVID-19 Olfactory Dysfunction 

 
 

Mostafa Sherif Mohamed *1,2, Sayed Mohammed Said Kadah1 , Ibrahim Hassan Mohamed Yousef 3, Ahmed Abd 

El Rahman El Khateeb2   
 

 

1 Department of Otorhinolaryngology Department, Faculty of Medicine for Girls, Al-Azhar University, Cairo, Egypt.  

2 Department of Otorhinolaryngology, Military Medical Academy, Cairo, Egypt.  

3 Department of Pathology, Faculty of Medicine, Al-Azhar University, Cairo, Egypt.  

 

Article information  

Submitted: November, 25th, 2024;           Accepted:  December 27th, 2024;               DOI: 10.55675/sjms.v4i1.123 

 

Citation: Mohamed MS, Kadah SMS, Yousef IBM, El Khateeb AA. Histological Study of The Effect of COVID 19 on The Olfactory 

Mucosa of Patients With Post COVID-19 Olfactory Dysfunction. SJMS 2025 Jan-Feb; 4 (1): 1-6. DOI: 

10.55675/sjms.v4i1.123. 

 
 

 

    

ABSTRACT 
 

Background: Corona viruses affect both humans and birds. In humans, the symptoms vary from mild cough, sore throat to severe respiratory tract 

infection and respiratory distress. COVID-19 can be presented by cough, difficult breathing, generalized body aches, loss of smell and 

taste. The sudden loss of smell was described as a definitive diagnostic symptom of COVID-19 infection. This study was designed to 

investigate the histological changes of COVID19 on olfactory mucosal epithelium, which was associated with temporary or long lasting 

olfactory dysfunction. 

Patients and Methods: This was a prospective study. Twenty patients with olfactory dysfunction few months after COVID 19 were included and 

represented the study group. In addition, 20  patients with olfactory dysfunction due to causes other than COVID 19 (e.g., allergic nasal 

polypi or to skull base fracture) were included as the comparison (control group). All were evaluated in a standard techniques. Then, Forty 

(40) nasal olfactory epithelium punch biopsies have been obtained under general anesthesia after taking a written consent. Data were 

recorded and compared between both groups.  

Results: The Light Microscopic examination of biopsies in the study group showed inflammatory changes among 17 cases and atrophied changes 

among 3 cases, compared to 16 and 4 cases in the control group. The inflammatory changes were in the form of inflammatory lymphocytic 

cells, few macrophages, mast and goblet cells. There was no significant differences between groups regarding patient age, special habits, 

chronic diseases, complications after biopsy or the result of biopsy. However the duration of OD was significantly longer in the patient 

than the control group (6 (4-8) vs 2 (1-5) months).  

Conclusion: COVID 19 invades nasal olfactory epithelium leading to reversible inflammatory changes that was presented as a reversible olfactory 

dysfunction. These changes did not differ significantly than other causes nasal inflammation.   
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INTRODUCTION 

Chronic Virus Disease-19 (COVID-19) was firstly 

discovered in Wuhan in 2019. Caused by Severe acute 

respiratory syndrome-coronavirus-2 (SARS-CoV-2). It is 

usually presented with severe respiratory and general 

manifestations (e.g., cough, fever, tiredness, and difficulty 

breathing). It is the largest pandemic since the 1918 

influenza A virus subtype outbreak. It leads to death of 

millions of people worldwide. Smell and taste loss was 

reported as an associations of COVID-19 (1-4).  

Different worldwide Organizations  (e.g., the American 

Academy of Otolaryngology) suggested that the sudden-

onset loss of smell and/or taste is a diagnostic indicator for 

COVID-19. This loss of smell was attributed to upper 

respiratory viral infection, nasal inflammatory changes, 

nasal edema, and respiratory obstruction (5-7). However, 

more recent studies stated that loss of smell or taste should 

not be used as definitive indicators of COVID-19 infection 
(8,9). 

It seems that, the symptoms of the disease changed over 

time with appearance of vital mutants.  For example, with 

appearance of Omicron family variants, the incidence of 

small loss dropped from 50-60% to 12% among Europeans 

positive for COVID-19, while the estimated global 

prevalence of anosmia related to Omicron variant is 

approximately 4% (10).  

The post COVID-19 olfactory dysfunction (OD) varies 

greatly from are to area and from severe to mild diseases.  

OD is usually transient, disappears after the acute phase of 

infection (lasts 9-15 days). However, the resolution of OD 

may be delayed up to 2 years after recovery (11-13).  

On the cellular basis, the virus binds to S-protein of the 

olfactory cells. This leads to cleavage of S-protein and entry 

of the virus to cell (cell invasion). This was associated with  

functional disruption of these cells, leading to temporary or 

permanent OD (14,15). 

The self-assessment of olfactory function should not be 

the only indicator for sure diagnosis of OD. Physical tools 

must include the use of minimal strength of an odor that can 

be perceived, discriminated and identified (16).  

The use of several chemical  showed promising results 

in treatment of OD after COVID-19. These include 

intranasal sodium citrate, intranasal vitamin A or systemic 

omega-3 (17).  We aimed to study the histological effect of 

COVID-19 on olfactory epithelium in cases with post 

COVID-19 temporary or long lasting olfactory dysfunction. 

PATIENTS AND METHODS  

This was a prospective comparative, case control study. 

This was performed in  Al-Zhraa University Hospital 

(Faculty of Medicine for Girls Al-Azhar University) and 

Military Medical Complex at Kopri El Koppa, Cairo, 

Egypt. The primary aim of the study was to determine if 

COVID19 causes reversible inflammatory changes or 

irreversible atrophy changes in olfactory epithelium. The 

study includes 20 patients with olfactory dysfunction few 

months after COVID 19. In addition, 20 control patients 

with olfactory dysfunction due to causes other than COVID 

19 (e.g., allergic nasal polypi or olfactory dysfunction due 

to skull base fracture) were included as a comparison 

(Control) group.  

The inclusion criteria were 1) laboratory confirmed 

COVID-19 (at least 4 weeks after recovery), 2) adult males 

or females (> 18 years of age) and post-COVID-19 

olfactory dysfunction (OD) (for study group) and OD from 

other causes (for control group).  

The Exclusion criteria were 1) Suspected COVID-19 

without laboratory confirmation, 2) patients < 18 years old, 

3) Patients with COVID-19 with no olfactory dysfunction 

Ethical consideration: All study participant (in the 

study or comparison groups) signed an informed consent to 

participate and the study protocol was reviewed and 

approved by the local research and ethics committee from 

Al-Azhar Faculty of Medicine. The privacy of the patients 

were assured and data were anonymized by coding. The 

data was only used for the purpose of the research and all 

ethical codes of Helsinki declaration were followed up 

during the study.  

Study tools: Firstly, all patients were evaluated on the 

clinical basis in a standard fashion according to our facility 

protocol. This was performed by complete history taking 

(patient characteristics, COVID-19 symptoms & signs and 

any complications), general and local examination. In 

addition, a nasal biopsy was performed for histological 

evaluation of olfactory mucosa. Under general anesthesia, a 

nasal gauze soaked with adrenaline was introduced. Then,  

a 4 mm zero degree nasal endoscopy was introduced, a 

bunch biopsy from  the  olfactory epithelium in axilla of 

middle turbinate was obtained by up turned through cutting 

blakesley. The biopsy was preserved in formalin till the 

time of examination. Biopsies were prepared and examined 

by light microscopy after staining by Hematoxylin and 

eosin  
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Statistical Analysis: Data were collected, and Fed to 

the Statistical Package for Social Science (IBM SPSS) 

version 2023. The parametric quantitative data were 

expressed as mean, standard deviations, while medians and 

inter-quartile ranges were used to express in non-parametric 

data. In addition, qualitative variables were expressed as 

relative frequencies and percentages. The Chi square test 

(Fisher exact test when the expected count in any cell found 

less than 5) was used to study the association between 

categorical variables, while independent samples “t”  

(Mann-Whitney test for non-parametric data) test was used 

to compare two means. The confidence interval was set to 

95% and the margin of error accepted was set to 5%.  

RESULTS 

The Light Microscopic examination of biopsies in the 

study group showed inflammatory changes (Figure 1) 

among 17 cases and atrophied changes among 3 cases. The 

inflammatory changes were in the form of inflammatory 

lymphocytic cells, few macrophages, mast and goblet cells. 

In addition, comparable inflammatory changes were 

reported among 16 control biopsies, while atrophied 

changes reported among 4 control cases.   

Comparing study to control groups, there was no 

significant differences between groups regarding patient 

age, special habits, chronic diseases, complications after 

biopsy or the result of biopsy. However the duration of OD 

was significantly longer in the patient than the control group 

(6 (4-8) vs 2 (1-5) months) (Table 1). When we compared 

cases with atrophied to those with inflammatory changes 

regardless the cause, we recorded non-significant 

differences between both groups as regards age, special 

habit or other chronic diseases (Table 2).  

Table (3) showed the post-infectious chronic 

complications after COVID-19 and there was no significant 

differences between cases inflammatory than those with 

atrophied changes. The chest symptoms was reported in 

52.9% and 66.7% of the inflammatory and atrophied 

subgroups respectively. On the other side, chronic fatigue 

was reported only in 5.9% of the inflammatory group 

compared to none in the atrophied subgroup.  

Table (1): Comparison between control and patients groups regarding demographic data and 

characteristics of the studied patients 

 Control group Patients group Test value P-value 

n = 20 n = 20 

Age (year) Mean ± SD 33.25 ± 10.02 34.6 ± 9.01 0.448 0.657 

Min. – Max  19 – 50 22 – 50 

Special habits  None  9 (45.0%) 11 (55.0%) 0.400 0.527 

Smoker 11 (55.0%) 9 (45.0%) 

Chronic  

diseases  

Negative   12 (60.0%) 10 (50.0%) 0.404 0.525 

 

 

Positive  

Total  8 (40.0%) 10 (50.0%) 

DM 2 (10.0%) 4 (20.0%) 0.784 0.376 

HTN 5 (25.0%) 3 (15.0%) 0.625 0.429 

Asthma 2 (10.0%) 3 (15.0%) 0.229 0.633 

Chronic Renal disease  1 (5.0%) 1 (5.0%) 0.001 1.00 

Duration of OD Median  (IQR) 2(1-5) 6(4-8) 5.203 <0.001* 

Complications after 

 biopsy  

No  16 (80.0%) 16 (80.0%) 0.001 1.00 

Epistaxis  4 (20.0%) 4 (20.0%) 

Results of  

biopsy  

Inflammatory cells  16(80.0%) 17(85.0%) 0.173 0.677 

Atrophied  4 (20.0%) 3 (15.0%) 
 

Table (2): Relation of presence of atrophy with other variables among study population  

 Inflammatory cells Atrophied Test  P-value 

n = 33 n = 7 

Age Mean ± SD 34.64 ± 9.62 30.57 ± 8.28 1.037 0.306 

Min. – Max.  19 – 50 22 – 42 

Special habits No special habits 18 (54.5%) 2 (28.6%) 1.558 0.212 

Smoker 15 (45.5%) 5 (71.4%) 

Other  

chronic  

Diseases  

Free 18 (54.5%) 4 (57.1%) 0.016 0.900 

 

 

Positive  

Total  15 (45.5%) 3 (42.0%) 

DM 6 (18.2%) 0 (0.0%) 1.497 0.221 

HTN 7 (21.2%) 1 (14.3%) 0.173 0.677 

Asthma 4 (12.1%) 1 (14.3%) 0.025 0.875 

Chronic renal disease  1 (3.0%) 1 (14.3%) 1.540 0.215 
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Table (3): Relation of presence of atrophy with presence of other COVID-19 chronic complications 

among study group 
Other complications by Covid19 Inflammatory cells Atrophied Test value P-value 

No. = 17 No. = 3 

No 7 (41.2%) 1 (33.3%) 0.303* 0.859 

Chest symptoms 9 (52.9%) 2 (66.7%) 

Chronic fatigue 1 (5.9%) 0 (0.0%) 

 

 
Figure (1): Microscopic examination of the nasal olfactory epithelium of a case with inflammatory changes.   

 

DISCUSSION  

This Study aimed to determine the histopathological changes 

associated with OD after COVID-19 compared to OD after other 

conditions (chronic rhinosinusitis or post-traumatic).  The results 

revealed that, there was no significant changes between both 

groups, except significantly longer duration of OD after COVID-

19 than after other conditions. These findings confirmed by 

histopathological examination of the nasal mucosa.  These results 

are in line with Meng et al. (18) who reported that, the local 

inflammation of olfactory mucosa is caused by the virus and its 

invasion via the via the angiotensin-converting enzyme-2 (ACE-

2) as the receptor for the SARS-CoV-2. Wu CT, et al. (19) reported 

that, specifically, ACE2 is present in the nasal epithelial cells. This 

explains the inflammatory changes of the nasal mucosa.  

Chen S et al. (20) reported that, during COVID-19, the SARS-

CoV-2 directly binds to nasal epithelia beefing from abundant 

ACE-2 in the epithelial cells. Butowt et al. (21) reported that, due 

to viral invasion, an initial process of inflammation occurred. This 

is followed by immunological changes which may be responsible 

for prolonged time of anosmia shown after COVID-19 than other 

causes  (as reported in the current work). Butowt and von 

Bartheld (22) reported that, after initial inflammation, the virus 

may travel to reach the brain tissue, through contamination of 

cerebrospinal fluid (CSF). This may explain the permanent or 

longer duration of anosmia  

To explain the changes in olfactory epithelium, it is well-

known that, ACE2 is highly expressed in the nasal epithelium, 

which. The nasal epithelium itself is consisted of two types, the 

respiratory epithelium (RE) and olfactory epithelium (OE). The 

RE is thought to have a role in the process of air humidification in 

the nasal cavity, while OE is utilized for detection of different 

odors. Odor information is then relayed from the OE to the brain 

via Olfactory sensory neurons (OSN) axons. The OE in turn is 

composed of sensory neurons, sustentacular (SUS), microvillar, 

and basal cells (23, 24).  In addition, SUS cells are more likely to be 

the entry point of SARS-CoV-2 than olfactory neurons and many 

studies showed that SARS-CoV-2 usually accumulates in SUS 

cells. SUS cells express high levels of ACE2 and transmembrane 

protease, serine 2 (TMPRSS2), which are the primary target of 

SARS-CoV-2 (25-27). 

Brann et al.(24) proposed that inflammation blocking effective 

odor conduction, altering the function of OSNs, deteriorating 

signaling, or causing diffuse architectural damage of the OE may 

be the mechanisms for OD. 

Similar to the histopathology of the current work, it was 

reported that, the innate immune (inflammatory) cells like 

neutrophils, monocytes, and macrophages could also produce the 

desquamation of olfactory epithelium through inflammation (28, 29). 

Bourgon et al. (30) proposed that immune responses make the OE 

destruction (and OD) worse, suggesting that innate immune cells 

play a major role in the destruction of OE.  

Schwab and Fjaeldstad (31), Bianco et al. (32) and Riestra-

Ayora et al. (33) reported that, the recovery of the smell after 

COVID-19 is quite variable in duration (range between 2 to 4 

months). However, long olfactory dysfunction is reported an can 

persist up to 12- 24 months after recovery (34-36). The results of the 
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current work reported duration within the reported range.   

To summarize, two mechanisms underlying OD occurrence 

in COVID-19 have been proposed: the infection of SUS cells and 

the inflammatory reaction of the nasal epithelium. The former 

triggers OD, the latter likely prolongs OD. These two alternative 

mechanisms act in parallel; the infection of SUS cells is more 

important for OD because SUS cells are more likely to be the entry 

point of SARS-CoV-2 than olfactory neurons. Furthermore, SUS 

cells abundantly express TMPRSS2 and play a major role in the 

olfactory epithelium. OD occurrence in COVID-19 has revealed 

crucial roles of SUS cells. However, the molecular mechanism 

underlying OD is still largely unknown and the  exact mechanisms 

of OD remain unclear (37), so further research is required. 

Conclusion: COVID 19 invades nasal olfactory epithelium 

that express Angiotensin Converting Enzyme receptors leading to 

reversible inflammatory changes and reversible olfactory 

dysfunction, which is not differ greatly than other causes of OD 

except its longer duration. However, these results must be 

explained with caution due to small sample size, which is a 

limiting step of the current work.   

 Disclosure: None to be disclosed.    

REFERENCES 

1. Li D, Feng WD, Chen TY, Fang CS, Lin MQ, Wang RZ, et al. 

Diagnosis and Treatment Strategy of Nasogenic 

Olfactory Dysfunction. Int Arch Allergy Immunol. 2023; 

184 (6):529-538. doi: 10.1159/000529024. 

2. Bal KK, Alagoz S, Ozdas T, Ekici NY, Kuran G, Görgülü O. 

Loss of Smell in COVID-19 Patients: New Biomarkers. 

Indian J Otolaryngol Head Neck Surg. 2022 Oct;74 

(Suppl 2):3167-3172. doi: 10.1007/s12070-021-02892-3. 

3. Pokharel A. Olfactory Dysfunction: A Clinical Marker of 

COVID-19. JNMA J Nepal Med Assoc. 2021 Jan 31; 59 

(233): 88-93. doi: 10.31729/jnma.5658. 

4. Moein ST, Hashemian SM, Mansourafshar B, Khorram-Tousi 

A, Tabarsi P, Doty RL. Smell dysfunction: a biomarker 

for COVID-19. Int Forum Allergy Rhinol. 2020 Aug; 10 

(8): 944-950. doi: 10.1002/alr.22587. 

5. Spinato G, Fabbris C, Polesel J, Cazzador D, Borsetto D, 

Hopkins C, Boscolo-Rizzo P. Alterations in Smell or 

Taste in Mildly Symptomatic Outpatients With SARS-

CoV-2 Infection. JAMA. 2020 May 26;323(20):2089-

2090. doi: 10.1001/jama.2020.6771. 

6. Soler ZM, Patel ZM, Turner JH, Holbrook EH. A primer on 

viral-associated olfactory loss in the era of COVID-19. Int 

Forum Allergy Rhinol. 2020 Jul;10(7):814-820. doi: 

10.1002/alr.22578. 

7. Cherry G, Rocke J, Chu M, Liu J, Lechner M, Lund VJ, Kumar 

BN. Loss of smell and taste: a new marker of COVID-

19? Tracking reduced sense of smell during the 

coronavirus pandemic using search trends. Expert Rev 

Anti Infect Ther. 2020 Nov;18(11):1165-1170. doi: 

10.1080/14787210.2020.1792289. 

8. Reiter ER, Coelho DH, French E, Costanzo RM; N3C 

Consortium. COVID-19-Associated Chemosensory Loss 

Continues to Decline. Otolaryngol Head Neck Surg. 2023 

Nov; 169(5):1386-1389. doi: 10.1002/ohn.384. 

9. Cotton SA, Subramanian A, Hughes TD, Huang Y, Sierra CJ, 

Pearce AK, et al. The effect of SARS-COV-2 variant on 

non-respiratory features and mortality among vaccinated 

and non-fully vaccinated patients. Vaccine. 2024 Apr 11; 

42 (10):2655-2660. doi: 10.1016/j.vaccine.2024.02.036. 

10. von Bartheld CS, Wang L. Prevalence of Olfactory 

Dysfunction with the Omicron Variant of SARS-CoV-2: 

A Systematic Review and Meta-Analysis. Cells. 2023 Jan 

28;12 (3): 430. doi: 10.3390/cells12030430. 

11. Dicpinigaitis PV. Post-viral Anosmia (Loss of Sensation of 

Smell) Did Not Begin with COVID-19! Lung. 2021 

Jun;199(3):237-238. doi: 10.1007/s00408-021-00448-4. 

12. Killingley B, Mann AJ, Kalinova M, Boyers A, 

Goonawardane N, Zhou J, et al. Safety, tolerability and 

viral kinetics during SARS-CoV-2 human challenge in 

young adults. Nat Med. 2022 May;28(5):1031-1041. doi: 

10.1038/s41591-022-01780-9. 

13. Tan BKJ, Han R, Zhao JJ, Tan NKW, Quah ESH, Tan CJ, et 

al. Prognosis and persistence of smell and taste 

dysfunction in patients with covid-19: meta-analysis with 

parametric cure modelling of recovery curves. BMJ. 2022 

Jul 27;378:e069503. doi: 10.1136/bmj-2021-069503. 

14. Whitcroft KL, Hummel T. Olfactory Dysfunction in COVID-

19: Diagnosis and Management. JAMA. 2020 Jun 

23;323(24):2512-2514. doi: 10.1001/jama.2020.8391. 

15. Walker A, Pottinger G, Scott A, Hopkins C. Anosmia and loss 

of smell in the era of covid-19. BMJ. 2020 Jul 

21;370:m2808. doi: 10.1136/bmj.m2808. 

16. Giacomelli A, Pezzati L, Conti F, Bernacchia D, Siano M, 

Oreni L, et al. Self-reported Olfactory and Taste 

Disorders in Patients With Severe Acute Respiratory 

Coronavirus 2 Infection: A Cross-sectional Study. Clin 

Infect Dis. 2020 Jul 28;71(15):889-890. doi: 10.1093/ 

cid/ciaa330. 

17. Sungnak W, Huang N, Bécavin C, Berg M, Queen R, 

Litvinukova M, et al.; HCA Lung Biological Network. 

SARS-CoV-2 entry factors are highly expressed in nasal 

epithelial cells together with innate immune genes. Nat 

Med. 2020 May;26(5):681-687. doi: 10.1038/s41591-

020-0868-6. 

18. Meng X, Pan Y. COVID-19 and anosmia: The story so far. 

Ear Nose Throat J. 2024 May;103 (5):NP312-NP320. 

doi: 10.1177/01455613211048998. 



Mohamed MS, et al.                                                                                     SJMS 2025 Jan-Feb; 4 (1): 1-6 

6 

 

19. Wu CT, Lidsky PV, Xiao Y, Cheng R, Lee IT, Nakayama T, 

et al. SARS-CoV-2 replication in airway epithelia 

requires motile cilia and microvillar reprogramming. 

Cell. 2023 Jan 5; 186 (1): 112-130.e20. doi: 10.1016/ 

j.cell.2022.11.030. 

20. Chen S, Wang S. The immune mechanism of the nasal 

epithelium in COVID-19-related olfactory dysfunction. 

Front Immunol. 2023 Jul 17;14:1045009. doi: 10.3389/ 

fimmu.2023.1045009. 

21. Butowt R, Bilinska K, von Bartheld CS. Olfactory dysfunction 

in COVID-19: new insights into the underlying 

mechanisms. Trends Neurosci. 2023 Jan;46(1):75-90. 

doi: 10.1016/j.tins.2022.11.003. 

22. Butowt R, von Bartheld CS. Anosmia in COVID-19: 

Underlying Mechanisms and Assessment of an Olfactory 

Route to Brain Infection. Neuroscientist. 2021 Dec;27 

(6): 582-603. doi: 10.1177/1073858420956905.  

23. Hong SN, Kim JK, Kim JA, Cha H, Kim JY, Lim HS, Eun 

KM, Kim DW. Viral stimulation modulates endotype-

related ACE2 expression in eosinophilic chronic 

rhinosinusitis. Rhinology. 2021 Oct 1;59(5):460-469. 

doi: 10.4193/Rhin21.001. 

24. Brann DH, Tsukahara T, Weinreb C, Lipovsek M, Van den 

Berge K, Gong B, et al. Non-neuronal expression of 

SARS-CoV-2 entry genes in the olfactory system 

suggests mechanisms underlying COVID-19-associated 

anosmia. Sci Adv. 2020 Jul 31; 6 (31): eabc5801. doi: 

10.1126/sciadv.abc5801.  

25. Chen M, Shen W, Rowan NR, Kulaga H, Hillel A, 

Ramanathan M Jr, Lane AP. Elevated ACE-2 expression 

in the olfactory neuroepithelium: implications for 

anosmia and upper respiratory SARS-CoV-2 entry and 

replication. Eur Respir J. 2020 Sep 24; 56 (3): 2001948. 

doi: 10.1183/13993003.01948-2020.  

26. Bilinska K, Jakubowska P, Von Bartheld CS, Butowt R. 

Expression of the SARS-CoV-2 Entry Proteins, ACE2 

and TMPRSS2, in Cells of the Olfactory Epithelium: 

Identification of Cell Types and Trends with Age. ACS 

Chem Neurosci. 2020 Jun 3;11(11):1555-1562. doi: 

10.1021/acschemneuro.0c00210. 

27. Butowt R, Meunier N, Bryche B, von Bartheld CS. The 

olfactory nerve is not a likely route to brain infection in 

COVID-19: a critical review of data from humans and 

animal models. Acta Neuropathol. 2021 Jun;141(6):809-

822. doi: 10.1007/s00401-021-02314-2. 

28. Meidaninikjeh S, Sabouni N, Marzouni HZ, Bengar S, Khalili 

A, Jafari R. Monocytes and macrophages in COVID-19: 

Friends and foes. Life Sci. 2021 Mar 15; 269: 119010. 

doi: 10.1016/j.lfs.2020.119010. 

29. Burgoyne RA, Fisher AJ, Borthwick LA. The Role of 

Epithelial Damage in the Pulmonary Immune Response. 

Cells. 2021;10(10):2763. doi: 10.3390/cells10102763. 

30. Bourgon C, Albin AS, Ando-Grard O, Da Costa B, Domain 

R, Korkmaz B, et al. Neutrophils play a major role in the 

destruction of the olfactory epithelium during SARS-

CoV-2 infection in hamsters. Cell Mol Life Sci. 2022 Dec 

3;79(12):616. doi: 10.1007/s00018-022-04643-1. 

31. Schwab J, Fjaeldstad AW. Recovery rates and parosmia in 

olfactory loss during the COVID-19 era. Dan Med J. 

2022 Aug 9; 69(9):A04220271. PMID: 36065887. 

32. Bianco MR, Ralli M, Minni A, Greco A, de Vincentiis M, 

Allegra E. Evaluation of olfactory dysfunction 

persistence after COVID-19: a prospective study. Eur 

Rev Med Pharmacol Sci. 2022 Feb;26(3):1042-1048. doi: 

10.26355/eurrev_202202_28014. 

33. Riestra-Ayora J, Yanes-Diaz J, Esteban-Sanchez J, Vaduva C, 

Molina-Quiros C, Larran-Jimenez A, Martin-Sanz E. 

Long-term follow-up of olfactory and gustatory 

dysfunction in COVID-19: 6 months case-control study 

of health workers. Eur Arch Otorhinolaryngol. 2021 

Dec;278(12):4831-4837. doi: 10.1007/s00405-021-

06764-y. 

34. Lechien JR, Vaira LA, Saussez S. Prevalence and 24-month 

recovery of olfactory dysfunction in COVID-19 patients: 

A multicentre prospective study. J Intern Med. 2023 Jan; 

293(1):82-90. doi: 10.1111/joim.13564.  

35. Menzel S, Haehner A, Woosch D, Marquardt B, Ressel C, 

Draf J, et al. Parosmia as a predictor of a better olfactory 

function in COVID-19: a multicentric longitudinal study 

for upper respiratory tract infections. Eur Arch 

Otorhinolaryngol. 2023 May; 280 (5): 2331-2340. doi: 

10.1007/s00405-022-07781-1.  

36. Prem B, Liu DT, Besser G, Sharma G, Dultinger LE, Hofer 

SV, et al. Long-lasting olfactory dysfunction in COVID-

19 patients. Eur Arch Otorhinolaryngol. 2022 

Jul;279(7):3485-3492, doi: 10.1007/s00405-021-07153-

1.  

37. Karimian A, Behjati M, Karimian M. Molecular mechanisms 

involved in anosmia induced by SARS-CoV-2, with a 

focus on the transmembrane serine protease TMPRSS2. 

Arch Virol. 2022;167(10):1931-1946, doi: 10.1007/ 

s00705-022-05545-0.  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

  

Publisher and Owner: Real-Publishers Limited (Realpub LLC) 
30 N Gould St Ste R, Sheridan, WY 82801, USA 

Associate Publisher: The Scientific Society of Educational Services Development [SSESD], Egypt  

      

                5 

 

 

 

 

https://realpublishers.us/index.php/sjms/index

