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Ultrastructural Evidence of Direct Viral Damage
to theOlfactory Complex in Patients Testing Positive
for SARS-CoV-2
Neurologicalmanifestationsarecommoninpatientswithcoro-

navirus disease 2019 (COVID-19), especially in those with se-

vere disease.1 The mechanisms underlying neuromuscular

damage are the objects of substantial scientific research and

speculation. We report the clinicopathologic and ultrastruc-

tural postmortem findings observed in the olfactory system

of 2 patients with severe acute respiratory syndrome corona-

virus 2 (SARS-CoV-2)–positive nasal swabs who underwent

minimally invasive autopsy, including nasal endoscopic dis-

section of the olfactory complex.

Report of Cases | The first patient had anosmia and died of

COVID-19pneumonia in the intensivecareunit; the secondpa-

tient had ill-definedolfactorydysfunction anddiedof cardio-

pulmonary transthyretin amyloidosis. Transmission elec-

tron microscopy results revealed the presence of 80-nm to

100-nmviral particles on the cell membrane of ciliated respi-

ratory cells in the olfactory mucosa of patient 2 (Figure 1, A).

In the olfactory bulb (OB) samples of patient 1, transmission

electronmicroscopy showed intracytoplasmic viral inclusion

bodies (Figure 1, B) and interstitial viral particles (Figure 1, C).

On light microscopy, the OB sections of patient 1 showed

markedCD163-positive/CD68-negativemicroglial cell infiltra-

tion (Figure 2) that was associated with sparse CD3-positive

lymphocytes,mostly of the CD8-positive cytotoxic subset. In

the OB of patient 2, only rare CD163-positive microglial cells

andCD3-positive/CD8-positiveperivascular lymphocyteswere

observed. Inflammatory cell infiltration of the nasal and ol-

factory mucosa was more abundant in the second case, and

comprised CD3-positive T lymphocytes of the helper CD4-

positive and cytotoxic CD8-positive subsets, CD20-positive B

lymphocytes, and CD163-positive macrophages. In the OB of

the second patient, there was no ultrastructural evidence of

Figure 1. Ultrastructural Findings

Ciliated respiratory cellsA Intracytoplasmic viral inclusion bodiesB Interstitial viral particles C

100 nm 200 nm 200 nm

Transmission electronmicroscopymicrographs showing viral particles

(arrowhead) on the cytoplasmic surface (A) in the olfactory epithelium of

patient 2, a viral cytoplasmic inclusion body (arrowhead) in the cytoplasm of a

cell of the olfactory bulb of patient 1 (B), and viral particles in the interstitial

space of the same sample from patient 1 (C).

Figure 2. LightMicroscopy and Immunohistochemical Findings FromPatient 1

Hypercellularity A CD163-positive macrophagesB CD68-negative macrophagesC

Light micrographs of the olfactory bulb sample of patient 1 showingmarked hypercellularity on hematoxylin-eosin (original magnification, ×10) (A), mostly

composed of CD163–positive (B)/CD68-negative (C) macrophages on immunohistochemical stains (original magnification, ×20).
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viral particles andonly rareCD163-positivemicroglial cells and

CD3/CD8-positiveperivascular lymphocyteswereobservedon

light microscopy.

Discussion | In the heterogenous spectrum of SARS-CoV-2–

associatedneurologicalmanifestations,1olfactory and gusta-

tive dysfunction has been proposed as an early and specific

symptom of viral infection and can represent in some pa-

tients theonly clinicalmanifestationofCOVID-19.2,3Whether

these and other neurological manifestations are evidence of

direct viral damage to the olfactory complex and central ner-

vous system or consequences of a systemic inflammatory re-

sponsehasnotyetbeensupportedby invivoobservations.The

recent finding of SARS-CoV-2 receptor angiotensin-

converting enzyme 2 and TMPRSS2 transcripts in olfactory

horizontal basal cells, microvillar cells, Bowman glands, and

olfactory sustentacular cells, but not in olfactory neuron sen-

sors, provided a proof of concept of the susceptibility of the

olfactoryorgantoSARS-CoV-2 infection.4Wewereable to iden-

tify SARS-CoV-2 particles in the OB of a patient with severe

COVID-19 that were associated with a diffuse infiltration of

CD163-positivemacrophagesandcytotoxicT lymphocytes.The

presence of CD163 serves as a marker of macrophage activa-

tion induced by the proinflammatory cytokine storm in sys-

temic inflammatory disorders, including Ebola virus infec-

tion. A possible role of CD163-positive microglia in virus-

mediated inflammation and neuropathogenesis has been

previously proposed in patientswithHIV andHIV-related en-

cephalitis andvariousdegrees of neurocognitive impairment5

and might also be a result of SARS-CoV-2–induced hyperin-

flammation.

Although confirmatory observations on extensive pa-

tient series are needed, our findings suggest that passive dif-

fusionandaxonal transport throughtheolfactorycomplexmay

be a major route of SARS-CoV-2 entry into the central ner-

vous system,as itwaspreviously shown inanimal studieswith

a human coronavirus strain, human coronavirus OC43.6 This

report supports the clinical hypothesis that the new onset of

olfactory dysfunction should either prompt immediate test-

ing for SARS-CoV-2 infection whenever possible or might be

considered an additional clinical criterion for self-isolation.
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Spontaneous Cerebrospinal Fluid Leak
in a TransgenderMan: Is Testosterone Therapy
a Risk Factor?
Report of a Case |A transgenderman in his 20s presentedwith

9 months of right-sided rhinorrhea. He reported spontane-

ous onset of clear, salty nasal drainage without history of

trauma. The patient also reported postural headaches but de-

nied vision loss. He had a history of chronic sinusitis with na-

salpolyposisandhadundergonebilateralendoscopicsinussur-

gery 6 months prior, but rhinorrhea preceded surgery. The

patient’s medical history was significant for taking testoste-

rone cypionate intramuscular injections, 200mg, bimonthly

for 6 years. He had undergone previous subcutaneous mas-

tectomy for gender confirmation. The patient denied anyhis-

tory of meningitis. Examination showed brisk right rhinor-

rheawhen leaning forward. Results of β2 transferrin assay for

cerbrospinal fluid (CSF) were positive, and computed tomo-

graphic (CT) scans showed a defect in themiddle fossa lateral

to the right foramen rotundum in a hyperpneumatized sphe-

noid sinus, with extensive mottling of the skull base bilater-

ally including ovoid bony defects fromarachnoid pits and ab-

errant granulations (Figure 1) consistent with idiopathic

intracranial hypertension (IIH).

The patient underwent expanded endonasal surgery by

otolaryngology and neurosurgery specialists for CSF leak re-

pair.A lumbardrainwasplaced.Atranspterygoidapproachwas

performed to allow straight-line access to the skull base de-

fect. The vidian nervewas transected for access, whereas the

maxillary nervewas preserved. An encephalocelewith active

CSF leak was identified and reducedwith bipolar electrocau-

tery. The bonydefectmeasured4mm,withunhealthy and ir-

regular surrounding bone (Figure 2). The CSF leak was re-

pairedwith inlaycollagendural substitute, septal cartilage inlay

graft, and free mucosal onlay graft harvested from the nasal

floor. The lumbar drainwas removed on postoperative day 2,
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