
viral particles and only rare CD163-positive microglial cells and
CD3/CD8-positive perivascular lymphocytes were observed on
light microscopy.

Discussion | In the heterogenous spectrum of SARS-CoV-2–
associated neurological manifestations,1 olfactory and gusta-
tive dysfunction has been proposed as an early and specific
symptom of viral infection and can represent in some pa-
tients the only clinical manifestation of COVID-19.2,3 Whether
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-
sponse has not yet been supported by in vivo observations. 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
olfactory organ to SARS-CoV-2 infection.4 We were able 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-positive macrophages and cytotoxic T 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 patients with HIV and HIV-related en-
cephalitis and various degrees 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-
fusion and axonal transport through the olfactory complex may
be a major route of SARS-CoV-2 entry into the central ner-
vous system, as it was previously shown in animal studies with
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 Transgender Man: Is Testosterone Therapy
a Risk Factor?
Report of a Case | A transgender man in his 20s presented with
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-
sal polyposis and had undergone bilateral endoscopic sinus sur-
gery 6 months prior, but rhinorrhea preceded surgery. The
patient’s medical history was significant for taking testoste-
rone cypionate intramuscular injections, 200 mg, bimonthly
for 6 years. He had undergone previous subcutaneous mas-
tectomy for gender confirmation. The patient denied any his-
tory of meningitis. Examination showed brisk right rhinor-
rhea when leaning forward. Results of β2 transferrin assay for
cerbrospinal fluid (CSF) were positive, and computed tomo-
graphic (CT) scans showed a defect in the middle 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 from arachnoid 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 lumbar drain was placed. A transpterygoid approach was
performed to allow straight-line access to the skull base de-
fect. The vidian nerve was transected for access, whereas the
maxillary nerve was preserved. An encephalocele with active
CSF leak was identified and reduced with bipolar electrocau-
tery. The bony defect measured 4 mm, with unhealthy and ir-
regular surrounding bone (Figure 2). The CSF leak was re-
paired with inlay collagen dural substitute, septal cartilage inlay
graft, and free mucosal onlay graft harvested from the nasal
floor. The lumbar drain was removed on postoperative day 2,
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and the patient was discharged on postoperative day 3 with a
prescription for 1 month of acetazolamide, 500 mg, twice daily.
At 8-month follow-up the patient had no evidence of CSF leak.
He declined repeat lumbar puncture for measuring CSF open-
ing pressure.

Discussion | Spontaneous CSF leaks have strong female predi-
lection with an average age at presentation of 50.4 years.1 Most
spontaneous CSF leaks occur in the setting of obesity and id-
iopathic intracranial hypertension.1,2 Idiopathic intracranial hy-
pertension is also associated with polycystic ovarian syn-
drome in up to 57% of patients,3 compared with 7% to 18% in
the general population.

Testosterone supplementation is a mainstay treatment for
female-to-male gender reassignment, and IIH has been asso-
ciated with its use.4 Recent literature suggests that similar to
polycystic ovarian syndrome (PCOS), IIH represent a state of
androgen excess and abnormal neurometabolism. Hyperan-
drogenism has been linked to earlier age of IIH onset indepen-
dent of body mass index (BMI) or truncal obesity.5 O’Reilly et al6

comprehensively examined serum levels of various andro-
gens among patients with IIH, PCOS, and sex-, BMI-, and age-
matched control groups. They found significantly increased
serum testosterone among patients with IIH compared with
both PCOS and control groups. The IIH group also showed a
different serum androgen profile from the PCOS group, with
lower androstenedione and adrenally derived 11-oxygenated
androgens in the IIH group compared with the PCOS group.
The CSF levels of both testosterone and androstenedione were
higher in patients with IIH compared with both lean and obese
controls, suggesting that androgen excess in the central ner-
vous system in patients with IIH was not dependent on weight
and BMI alone.6 The same authors also showed that rat cho-
roid plexus tissue demonstrated increased Na+/K+-ATPase ac-
tivity in the presence of testosterone, indicating increased CSF
production.

To our knowledge, this is the first case report of sponta-
neous CSF leak in a transgender male undergoing testoste-
rone supplementation. Although arachnoid granulations on CT
findings can be incidental, and its presence alone does not au-

Figure 1. Computed Tomographic (CT) Images

Coronal thin-cut CT imageA Bony attenuationB

Coronal viewC Axial viewD

A, Coronal thin-cut CT. The
arrowhead indicates middle cranial
defect lateral to the foramen
rotundum, which was confirmed to
be the site of encephalocele and
cerbrospinal fluid (CSF) leak. B, The
arrowhead indicates a bony
attenuation in the right middle cranial
fossa floor with multiple pits from
arachnoid granulations. C, Similar
resorption of bone in left middle
cranial fossa floor on coronal imaging
(arrowhead). D, Axial imaging
likewise shows erosion from
arachnoid granulation in the right
greater sphenoid wing (arrowhead).
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tomatically indicate intracranial hypertension, the extensive
bony resorption of the skull base in this case coupled with spon-
taneous CSF rhinorrhea are highly suggestive and consistent
with IIH. Further research into how testosterone and other hor-
mone replacement therapy may alter CSF metabolism are
needed.
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Atypical Presentation of Langerhans Cell
Histiocytosis of the Skull
Langerhans cell histiocytosis is a rare myeloid neoplasm pre-
dominantly affecting the pediatric population with a broad
clinical continuum, ranging from an isolated skin or bone le-
sion to multiorgan disease dissemination. Although the cra-
nial vault is the most common site affected, it is exceedingly
rare for this neoplasm to present as frontal sinusitis, with only
2 reports to our knowledge in the pediatric literature.1,2 We pre-
sent, to our knowledge, the first case of Langerhans cell his-
tiocytosis of the skull presenting as frontal sinusitis in an adult.

Report of a Case | A man in his 20s presented with a 4-week
history of progressive swelling of the midline forehead,
recurrent headache, and sinus pain. Over the same time
period, he reported concurrent bacterial sinusitis recalci-
trant to multiple antibiotic regimens including amoxicillin
and doxycycline. Physical examination was notable for a
protuberant, tender, mobile tumefaction of the forehead
(6 × 4 cm). Inflammatory markers were within normal lim-
its. Findings of computed tomographic imaging demon-
strated a 1.7-cm lytic lesion of the left frontal bone with
mucosal thickening of the left frontal sinus (Figure 1A). Mag-
netic resonance imaging of the brain revealed a bilobed
1.9 × 2.4-cm heterogeneously enhancing lesion at the site of
the lytic lesion with extension extracranially into the sub-
periosteal tissues as well as intracranially with thickening
and enhancement of the underlying meninges (Figure 1, B
and C). On the basis of his clinical presentation, frontal
sinusitis with osteomyelitis and abscessualization phenom-
ena (ie, Pott puffy tumor) was suspected. However, findings
on radiographic imaging did not demonstrate central necro-
sis consistent with abscess. Nevertheless, given our clinical
suspicion, treatment with broad-spectrum antibiotics was
initiated followed by operative debridement.

A bicoronal skin incision was taken down extending past
the superior temporal line. The soft-tissue lesion was visual-
ized and sent for analysis. Abnormal-appearing bone surround-
ing the skull defect was craniectomized to evacuate phleg-
mon extending intracranially through the abnormality. A small
breach within the right frontal sinus mucosa was identified for
which it was opened and exenterated. Results of microbio-
logical analysis of the specimen were unremarkable. How-
ever, histopathologic analysis of the soft tissue and bone
demonstrated a leukocytic infiltrate as well as histiocytes, mul-
tinucleated cells, and Langerhans cells (Figure 2, A and B). Im-
munohistochemistry of the soft tissue and bone confirmed the

Figure 2. Endoscopic Image

Endoscopic view of the right lateral sphenoid recess using a 0° camera after
transpterygoid approach. The yellow arrowhead indicates the maxillary nerve.
The irregular middle fossa defect lateral to foramen rotundum is outlined in blue
and indicated by the blue arrowhead. The white arrowhead indicates the
sphenoid sinus.
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