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Viral cytopathic effect in maxillary sinus epithelium and SARS-CoV-2: 
Pitfalls in diagnostic characterization 

Sachin C. Sarode *, Gargi S. Sarode, Namrata Sengupta, Urmi Ghone 
Department of Oral Pathology and Microbiology, Dr. D.Y. Patil Dental College and Hospital, Dr. D.Y. Patil Vidyapeeth, Sant-Tukaram Nagar, Pimpri, Pune, 411018, MH, 
India   

A R T I C L E  I N F O   

Keywords: 
Maxillary sinusitis 
Viral cytopathic effect 
COVID-19 
SARS-CoV-2 

A B S T R A C T   

Viral cytopathic effects (VCE) are a well-known phenomenon associated with SARS-CoV-2 infection, especially in 
the cells associated with the lungs. Because maxillary sinus epithelium expresses angiotensin-converting enzyme 
2, cells associated with it are more likely to become infected with SARS-CoV-2 and develop VCE. If VCE is seen in 
with background of a confirmatory COVID-19 diagnosis, then connecting both become quite convincing. How-
ever, the diagnostic problem is expected when a similar VCE is seen without any confirmatory diagnosis of 
CODIV-19. We reported a biopsy sample of maxillary sinusitis in a COVID-19 negative patient. Histopathological 
examination revealed a pathognomonic VCE in the localized proliferating pseudostratified ciliated epithelium. 
The only confirmatory aspect linking this VCE with the SARS-CoV-2 was the detection of virus particles at the 
tissue level. In the present paper, pitfalls and recommendations for future research on this topic are discussed.   

1. Introduction 

Viral cytopathic effects (VCE) are characteristic features of many 
viral infections, and SARS-CoV-2 is not an exception to it.1,2 Literature 
has shown VCE in SARS-CoV-2 positive patients at different cellular 
locations such as type-2 pneumocytes, pneumocytes of unspecified type, 
and alveolar epithelial cells.3,4 The presence of SARS-CoV-2 virus par-
ticles within the cytoplasm and nucleus shows various notable features 
such as nucleomegaly, prominent nucleoli, large eosinophilic cyto-
plasmic inclusions.5 Sertoli cells also show VCE in the form of swelling, 
vacuolization, and cytoplasmic rarefaction.6 In addition, atypical 
enlarged multinucleated and syncytial pneumocytes are commonly seen 
in COVID-19 lungs.5 The maxillary sinus lining also expresses the ACE2 
receptor,7,8 hence the VCE is also expected in the lining epithelium. 
However, to date, no such report has been published in the literature. If 
these features are seen with the background information of confirmatory 
diagnosis of COVID-19, then connecting it with CVE becomes quite 
conceivable. However, the diagnostic problem is expected when a 
similar VCE is seen without any confirmatory diagnosis of CODIV-19. 

On similar lines, we report a VCE in the maxillary sinus epithelium 
and propose its attribution to the SARS-CoV-2. The diagnostic pitfall in 
the characterization of VCE as attributed to SARS-CoV-2 has been 

discussed along with the need for detection of virus particles at tissue 
level using immunohistochemistry. 

2. Case report and discussion 

A 26-year-old female reported pain, pressure, and stuffiness in the 
maxillary sinus for one year. The patient gave a history of intermittent 
exacerbations and remissions of the condition. There was no previous 
history of COVID-19 infection and recently done RT-PCR also showed 
negative results. Based on the clinical and imaging findings, a diagnosis 
of maxillary sinus infection was made and the affected lining was sur-
gically removed using an intra-oral approach. 

The maxillary sinus lining was found to be composed of pseudos-
tratified ciliated columnar epithelium with an intact basement mem-
brane. The underlying stroma showed mild to moderate chronic 
inflammatory cell infiltration, which was composed mainly of lympho-
cytes and plasma cells. In a few places, necrotic areas were evident. 
There was no evidence of eosinophils, thus ruling out the allergic sinus 
pathology. 

At two locations, a very distinctive and unusual proliferation of the 
sinus epithelium lining in the form of an isolated mass of cells was seen 
(Fig. 1A). The cells in the mass showed very peculiar VCE in the nucleus 
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as well as cytoplasm. The cells were swollen and showed two groups of 
cells. One group of cells was composed of eosinophilic cytoplasm (sug-
gestive of inclusion bodies) (Fig. 1 B and C, black arrow), while the 
second showed clear cytoplasm (Fig. 1C, red arrow). The nucleus was 
pyknotic and shifted to one side of the cytoplasm due to the pushing 
effect of cytoplasmic content. These features were quite similar to the 
VCE seen at pulmonary epithelium in COVID-19 patients.3–6 Since the 
patient did not give a history of COVID-19 infection in the past and her 
recent RT-PCR report was negative, we speculated that the patient might 
have had an undiagnosed asymptomatic infection of COVID-19 in the 
past. The rapid antigen test could have ruled this out, but the patient has 
been fully vaccinated with the AZD1222 (ChAdOx1) vaccine. 

Under such a dilemmatic situation, the only confirmatory diagnostic 
modality to prove that VCE is associated with SARS-CoV-2 could be 
immunohistochemistry or in situ hybridization on the tissue sample with 
the main focus on the localized proliferation of sinus epithelium. In this 
regard, previous studies have shown viral proteins using the IHC tech-
nique in alveolar pneumocytes, alveolar macrophages, hyaline mem-
branes, tracheobronchial respiratory epithelium, and minimally in 
endothelial cells.9 However, due to lack of resources, we were not able to 
perform IHC and hence, the VCE seen in the present case cannot be 
linked with the SARS-CoV-2 infection. 

During the 2002–2003 SARS outbreak, the immunohistochemistry 
technique for detecting SARS-CoV-2 in formalin-fixed tissue samples 
was developed.10 During the COVID-19 pandemic, Liu et al. developed 
similar assays for SARS-CoV-2 by evaluating commercially available 
antibodies with SARS-CoV-2 epitopes and SARS-CoV-2 specific glyco-
proteins.11 To further expand the repertoire of commercially available 
antibodies and show their utility on autopsy and surgical specimens, 
Rocha et al.12 investigated specimens of lungs, placenta, and kidney. 

They provided a detailed protocol for different commercially available 
antibodies for readily implementation in pathological laboratories.12 

3. Conclusion 

This is the first case report that envisages the presence of VCE in the 
maxillary sinus lining. Some COVID-19 symptoms, such as nasal 
congestion, sinus fullness, loss of smell sensation, nasal discharge, 
running nose, sneezing (Omicron variant), and so on, are similar to 
common nonspecific sinusitis. Surgical removal of the affected lining is a 
routine part of day-to-day practice. As RT-PCR might be negative, it 
becomes of paramount importance to check the resected surgical spec-
imen for any evidence of the SARS-CoV-2 virus. Hence, it is recom-
mended for every such specimen to undergo immunohistochemical 
testing for SARS-CoV-2 virus particles. A provision at every pathological 
practice should be made mandatory, as this will contribute to a better 
understanding of COVID-19 pathogenesis. We also recommend a retro-
spective study on maxillary sinusitis specimens collected during the 
CODIV-19 period for the possible presence of VCE. Perhaps in the future, 
this might become a marker of identification and detection of undiag-
nosed cases of COVID-19. 

Funding source 

The author received no specific funding for this work. 

Declaration of competing interest 

All the authors associated with the present manuscript declared no 
potential conflict of interest concerning the research, authorship, and/or 
publication of this article. 

References 

1 Heaton NS. Revisiting the concept of a cytopathic viral infection. PLoS Pathog. 2017 
Jul 20;13(7), e1006409. https://doi.org/10.1371/journal.ppat.1006409. 

2 Zhu N, Wang W, Liu Z, et al. Morphogenesis and cytopathic effect of SARS-CoV-2 
infection in human airway epithelial cells. Nat Commun. 2020 Aug 6;11(1):3910. 
https://doi.org/10.1038/s41467-020-17796-z. 

3 Fox SE, Akmatbekov A, Harbert JL, Li G, Quincy Brown J, Vander Heide RS. 
Pulmonary and cardiac pathology in African American patients with COVID-19: an 
autopsy series from New Orleans. Lancet Respir Med. 2020;8:681–686. 

4 Xu Z, Shi L, Wang Y, et al. Pathological findings of COVID-19 associated with acute 
respiratory distress syndrome. Lancet Respir Med. 2020;8:420–422. 

5 Caramaschi S, Kapp ME, Miller SE, et al. Histopathological findings and 
clinicopathologic correlation in COVID-19: a systematic review. Mod Pathol. 2021 
Sep;34(9):1614–1633. https://doi.org/10.1038/s41379-021-00814-w. 

6 Yang M, Chen S, Huang B, et al. Pathological findings in the testes of COVID-19 
patients: clinical implications. Eur Urol Focus. 2020 Sep 15;6(5):1124–1129. https:// 
doi.org/10.1016/j.euf.2020.05.009. 

7 Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor H. Tissue 
distribution of ACE2 protein, the functional receptor for SARS coronavirus. A first 
step in understanding SARS pathogenesis. J Pathol. 2004;203(2):631–637. 

8 Butowt R, Bilinska K. SARS-CoV-2: olfaction, brain infection, and the urgent need for 
clinical samples allowing earlier virus detection. ACS Chem Neurosci. 2020;11(9): 
1200–1203. 

9 Liu J, Babka AM, Kearney BJ, Radoshitzky SR, Kuhn JH, Zeng X. Molecular detection 
of SARS-CoV-2 in formalin-fixed, paraffin-embedded specimens. JCI Insight. 2020 Jun 
18;5(12), e139042. https://doi.org/10.1172/jci.insight.139042. 

10 Shieh WJ, Hsiao CH, Paddock CD, et al. Immunohistochemical, in situ hybridization, 
and ultrastructural localization of SARS-associated coronavirus in lung of a fatal case 
of severe acute respiratory syndrome in Taiwan. Hum Pathol. 2005;36:303–309. 

11 Liu J, Babka AM, Kearney BJ, Radoshitzky SR, Kuhn JH, Zeng X. Molecular detection 
of SARS-CoV-2 in formalin fixed paraffin embedded specimens. JCI Insight. 2020;5, 
e139042. 

12 Rocha A, Stroberg E, Barton LM, et al. Detection of SARS-CoV-2 in formalin-fixed 
paraffin-embedded tissue sections using commercially available reagents. Lab Invest. 
2020 Nov;100(11):1485–1489. https://doi.org/10.1038/s41374-020-0464-x. 

Fig. 1. A photomicrograph of the maxillary sinus lining shows psudostratified 
squamous epithelium with focal proliferation (black circle) and chronic in-
flammatory cell infiltration, indicating maxillary sinusitis (1A). High power 
magnification of proliferated epithelium shows enlarged swollen cells with 
clear cytoplasm with shifting of nucleus to one side (red arrow) and cells with 
eosinophilic cytoplasm resembling inclusion bodies (black arrow). 
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