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A B S T R A C T   

Objective: We reviewed the literature on cerebrospinal fluid (CSF) testing in patients with altered olfactory/ 
gustatory function due to COVID-19 for evidence of viral neuroinvasion. 
Methods: We performed a systematic review of Medline and Embase to identify publications that described at 
least one patient with COVID-19 who had altered olfactory/gustatory function and had CSF testing performed. 
The search ranged from December 1, 2019 to November 18, 2020. 
Results: We identified 51 publications that described 70 patients who met inclusion criteria. Of 51 patients who 
had CSF SARS-CoV-2 PCR testing, 3 (6%) patients had positive results and 1 (2%) patient had indeterminate 
results. Cycle threshold (Ct; the number of amplification cycles required for the target gene to exceed the 
threshold, which is inversely related to viral load) was not provided for the patients with a positive PCR. The 
patient with indeterminate results had a Ct of 37 initially, then no evidence of SARS-CoV-2 RNA on repeat 
testing. Of 6 patients who had CSF SARS-CoV-2 antibody testing, 3 (50%) were positive. Testing to distinguish 
intrathecal antibody synthesis from transudation of antibodies to the CSF via breakdown of the blood-brain 
barrier was performed in 1/3 (33%) patients; this demonstrated antibody transmission to the CSF via 
transudation. 
Conclusion: Detection of SARS-CoV-2 in CSF via PCR or evaluation for intrathecal antibody synthesis appears to 
be rare in patients with altered olfactory/gustatory function. While pathology studies are needed, our review 
suggests it is unlikely that these symptoms are related to viral neuroinvasion.   

1. Introduction 

Although the nasal cavity is believed to be the primary entry point 
for a number of respiratory viruses, SARS-CoV-2, the virus responsible 
for COVID-19, has uniquely been cited to cause frequent alteration in 
olfactory function, often in conjunction with gustatory dysfunction [1, 
2]. These symptoms have been reported in 20–85% of patients with 
COVID-19 [1,2]. The mechanism for altered olfactory and gustatory 
function remains unclear, but it has been postulated that this may be the 
result of viral neuroinvasion [1,3,4]. 

It is feasible to detect SARS-CoV-2 in the cerebrospinal fluid (CSF) via 
performance of PCR testing (the N2 gene target for SARS-CoV-2 PCR 
testing was noted to have the most sensitive limit of detection in CSF 

when compared with detection from nasopharyngeal swab, bron
choalveolar lavage, sputum, plasma or stool) [5]. However, the results 
of CSF SARS-CoV-2 PCR have not been systematically examined in a 
cohort of patients with altered olfactory and/or gustatory function. We 
sought to review CSF results in patients with COVID-19 who had altered 
olfactory and/or gustatory function to evaluate for evidence of viral 
neuroinvasion. 

2. Methods 

We previously identified publications in English from December 1, 
2019 and November 18, 2020 that described a unique patient diagnosed 
with COVID-19 via SARS-CoV-2 PCR or serology who had a neurological 
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symptom and had CSF obtained via a search of Medline and Embase 
using the population search terms “COVID-19” or “SARS-CoV-2” and the 
intervention search terms “cerebrospinal fluid” or “csf” or “spinal 
puncture” or “spinal tap” or “lumbar puncture” or “meningitis” or “en
cephalitis” or “encephalomyelitis” or “seizure” or “encephalopathy” or 
“myelitis” or “Guillain Barre” or “polyradiculitis” or “Miller Fisher.” [6] 
Publications were excluded if they 1) were not in English or 2) described 
a patient who had subarachnoid hemorrhage or meningitis/ven
triculitis/encephalitis due to an infectious organism other than 
COVID-19. Two board-certified neurologists (AL and KM) independently 
performed full-text review of these documents to identify reports of 
patients who had altered olfactory and/or gustatory function. This 
search was performed in accordance with PRISMA guidelines (Fig. 1) 
[7]. Cases were reviewed and organized based on CSF findings. All 
laboratory test results were converted to a common unit to facilitate 
comparison. Data collected for this study will be made available via 
email request to the corresponding author. 

3. Results 

Of 242 publications from December 1, 2019 and November 18, 2020 
that described a unique patient diagnosed with COVID-19 via SARS- 
CoV-2 PCR or serology who had a neurological symptom and had CSF 
obtained, we identified 51 that met inclusion criteria. After review of the 
51 publications, we identified 70 patients reported to have altered ol
factory and/or gustatory function (anosmia/cacosmia/hyposmia and/or 
ageusia/dysgeusia/hypogeusia); 40 (57%) had both olfactory and gus
tatory dysfunction, 17 (24%) had isolated olfactory dysfunction and 13 
(19%) had isolated gustatory dysfunction [8–58]. In addition to altered 
olfactory and/or gustatory function, 39 (56%) had symptoms that 
localized to the central nervous system and 31 (44%) had symptoms that 
localized to the peripheral nervous system. The most common symp
toms/signs that prompted CSF testing were quad
riparesis/paraparesis/hemiparesis (26 patients; 37%) and altered 
mental status (23 patients; 33%; Fig. 2). 

3.1. CSF pleocytosis 

The CSF red blood cell (RBC) count was only reported for 7/70 (10%) 
patients [21,30,32,41,44,45,50], but the white blood cell (WBC) count 
was included in the CSF results for 66/70 (94%) patients (Fig. 3) [8,10, 
12–42,44–46,48–58]. The CSF WBC count ranged from 0 to 37 cells/µL. 
In 13/66 (20%) patients, the CSF WBC count was 0 cells/µL or the CSF 
WBC:RBC ratio was <1:1000. The majority of patients (38/66; 58%) had 
a CSF WBC count of 1–5 cells/µL or were noted to have “no pleocytosis” 
or “normal WBC.” [10,12–27,29,30,33,36–38,40–42,44,45,48–58] 
There were 11/66 (17%) patients who had a CSF WBC count >5 cells/µL 
or noted to be “increased.” [8,12,17,28,31–35,39,46]. 

3.2. CSF protein 

The protein was included in the CSF results for 65/70 (93%) patients 
(Fig. 4) [8,10–30,32–46,48–58]. In two cases, we suspect there was an 
error in the units provided for the CSF protein: Demirci Otluoglu et al. 
reported a CSF protein of 0.4 mg/L (0.04 mg/dL) and Matos et al. re
ported a CSF protein of 0.78 mg/dL, but noted it was “mildly elevated;” 
we presumed these were meant to be 0.4 g/L (40 mg/dL), and 
78 mg/dL, respectively [36,43]. The CSF protein ranged from 12 to 
273 mg/dL. The majority of patients (40/65; 62%) had a CSF protein 
≤ 60 mg/dL or were noted to have a “normal” protein [8,11,14,16,20, 
21,23,24,26,27,29,30,33,34,36–41,44,46,48,49,52–56,58]. 

3.3. CSF SARS-CoV-2 PCR testing 

SARS-CoV-2 PCR testing was performed in the CSF for 51/70 (73%) 
patients [8–14,16,17,19,20,22,25,28,31–33,35–37,40,42,43,45–47, 
49–52,54–58]. The CSF SARS-CoV-2 PCR resulted positive for 3/51 
(6%) patients [8,36,42]. 

Demirci Oluoglu et al. reported a 48-year-old man with no significant 
past medical history who presented with one week of anosmia, fatigue 
and myalgia which began three days after onset of cough and headache 

Fig. 1. Publication selection.  
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who had a negative rapid test for COVID-19, but a positive CSF SARS- 
CoV-2 PCR [36]. The neurological and physical examination were 
normal. He had a normal serum WBC count and C-reactive protein. The 
CSF had no cells and was reported to have protein 0.4 mg/L (as noted 
above, we believe this was meant to be 0.4 g/L (40 mg/dL)) and glucose 
of 90 mg/dL). MRI revealed hyperintense lesions in the temporal lobe 

and the upper cervical cord. He was treated with hydroxychloroquine, 
favipiravir, acyclovir, antibiotics and steroids and remained clinically 
unchanged at the time of publication. 

Lo Monaco et al. reported a 56-year-old man with no significant past 
medical history who presented with one week of cough followed by 
fever and encephalopathy who had a positive nasopharyngeal and CSF 

Fig. 2. Primary neurological symptom/sign prompting evaluation of cerebrospinal fluid.  

Fig. 3. Cerebrospinal fluid white blood cell count results.  
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SARS-CoV-2 PCR [42]. He was minimally arousable, extended his arms 
to pain and withdrew his legs to pain. He was febrile and tachycardic, 
but not hypoxic. He had leukopenia (serum WBC count of 3430 cells/µL) 
and an elevated C-reactive protein of 21.3 mg/L. Chest x-ray and head 
CT were normal. The CSF had a WBC count of 4 cells/µL, protein of 
115 mg/dL and glucose of 82 mg/dL. He was treated with tocilizumab, 
antibiotics and antivirals and improved rapidly, but reported anosmia. 

Novi et al. reported a 64-year-old woman with history of hyperten
sion, monoclonal gammopathy of undetermined significance and hy
pertension who had two weeks of anosmia, ageusia and an influenza-like 
illness [8]. She presented a few weeks later with headache, bilateral 
visual impairment and decreased sensation in her leg and had a negative 
nasopharyngeal SARS-CoV-2 PCR, but a positive serum SARS-CoV-2 IgG 
and a positive CSF SARS-CoV-2 PCR. She was irritable, had profound 
loss of visual acuity and an afferent pupillary defect bilaterally, a right 
abdominal sensory level and hyperreflexia in the left leg. The CSF had a 
WBC count of 22 cells/µL, protein of 45.2 mg/dL and oligoclonal bands 
matched with the serum. MRI showed enhancement of bilateral optic 
nerves, multiple lesions in the brain and a thoracic lesion. She was 
treated with steroids and intravenous immunoglobulins and her vision 
improved. Repeat imaging showed reduction in the number of 
enhancing lesions. 

The cycle threshold (Ct; the number of amplification cycles required 
for the target gene to exceed the threshold, which is inversely related to 
viral load) was not provided for any of these patients [8,36,42], but it 
was reported for a man in his 40s with no past medical history described 
by Eden et al [37]. He presented with ten days of dysgeusia, respiratory 
symptoms and encephalopathy and had a positive nasopharyngeal 
SARS-CoV-2 PCR, but an indeterminate CSF SARS-CoV-2 PCR (Ct of 37) 
two days later. SARS-CoV-2 RNA was not detected when a stored sample 
was retested. He had a C-reactive protein of 120 mg/L. CSF showed a 
WBC count < 3 cells/µL, an albumin ratio of 4 (indicative of an intact 
blood-brain barrier) and an IgG index of 0.31 (indicative of absence of 
intrathecal IgG synthesis), but elevated neopterin (50 nmol/L; normal 
<5.8 nmol/L) and β2-microglobulin (7.5 mg/L; normal <1.8 mg/L), 
suggesting monocytic activation. He was treated with remdesivir and 
discharged after 12 days. The authors concluded that failure to detect 
viral RNA when the CSF was retested calls the initial results into ques
tion, though retesting of low viral load samples after freezing and 
thawing can yield inaccurate results. They attributed the elevated CSF 
biomarkers to indirect effects of systemic infection and inflammation. 

3.4. CSF SARS-CoV-2 antibody testing 

CSF antibodies to SARS-CoV-2 were tested in 6/70 (9%) patients 
(Table 1) [10,20,25,33,51,57]. Of these, 3 (50%) patients had CSF an
tibodies to SARS-CoV-2 [10,51,57]. However, only one of these patients 
had additional testing to determine if the antibodies were synthesized in 
the CSF or transmitted to the CSF via breakdown in the blood-brain 
barrier [10]. After calculating the Tibbling-Link, Delpech and transu
dation indices, Andriuta et al. determined that there was no evidence of 
intrathecal antibody synthesis. 

3.5. CSF oligoclonal bands 

CSF oligoclonal bands were tested in 15/70 (21%) patients (Table 1) 
[8,11,20,24–26,35,39–41,45,47,50,55]. There was 1 patient (7%) who 
had type 2 CSF oligoclonal bands consistent with intrathecal synthesis 
and 1 patient (7%) who had positive CSF oligoclonal bands, but it was 
not specified whether they were matched or unmatched in serum [20, 
47]. 

Huber et al. reported a 21-year-old woman with no past medical 
history who developed anosmia, ageusia, mild respiratory symptoms 
and myalgia in late March 2020 then presented with ptosis and diplopia 
in mid-April and was found to have SARS-CoV-2 IgG and IgA antibodies 
in her serum (but not in her CSF) and type 2 CSF oligoclonal bands [20]. 
She had elevated acetylcholine receptor antibodies in her serum and a 
positive intravenous edrophonium chloride test, which led to the diag
nosis of myasthenia gravis. She was treated with intravenous immuno
globulins and pyridostigmine and gradually improved. The authors 
suspected the myasthenia gravis was post-infectious, but noted that they 
couldn’t rule out co-occurrence of preexisting myasthenia gravis with 
COVID-19. 

Palao et al. reported a 29-year-old woman with history of asthma and 
rhinoconjunctivitis who developed anosmia, dysgeusia and myalgia 
followed two weeks later by decreased visual acuity [47]. She was found 
to have SARS-CoV-2 antibodies in her serum and positive oligoclonal 
bands in her CSF, with no mention of whether they were matched or 
unmatched to serum. CSF SARS-CoV-2 PCR was negative. Her MRI 
demonstrated enhancement of the optic nerve and periventricular 
demyelinating lesions, only one of which was enhancing, leading to a 
diagnosis of multiple sclerosis. The authors suspected COVID-19 was a 
precipitating, rather than causative, factor leading to her presentation, 
but noted that it is possible the CSF SARS-CoV-2 PCR was a false 

Fig. 4. Cerebrospinal fluid protein.  
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negative, and that her symptoms were the result of viral neuroinvasion. 

3.6. CSF immunoglobulins 

In addition to the aforementioned patient reported by Andriuta et al. 
who had CSF immunoglobulins tested after CSF SARS-CoV-2 antibody 
detection and was found to have no evidence of intrathecal antibody 
synthesis, CSF immunoglobulins were tested in 5 other patients 
(Table 1) [10,11,25,37,39,50]. Only one of these patients had results 
consistent with possible intrathecal antibody synthesis [39]. 

Ghosh et al. reported a 44-year-old woman with no past medical 
history who developed hyposmia, hypogeusia, cough, fever and myalgia 
then presented ten days later in a coma following a seizure [39]. She had 
a positive nasopharyngeal SARS-CoV-2 PCR and an elevated IgG index 
(value not provided). Other CSF studies showed a WBC count of 20 
cells/µL, protein of 60 mg/dL and negative oligoclonal bands. An MRI 
showed a frontoparietal hyperintense lesion with surrounding edema 
and foci of hemorrhage. She was treated with steroids, mannitol, 
acyclovir and antibiotics, but died shortly after admission. 

3.7. CSF autoimmune antibodies 

Autoimmune antibodies were tested in the CSF of 9/70 (13%) pa
tients, but were not detected [33,40,41,45,46,50,55,56]. 

3.8. Other CSF biomarkers 

In addition to the aforementioned patient described by Eden et al. 
who had elevated CSF neopterin and β2-microglobulin, CSF biomarkers 

were tested in seven patients [23,35,37,45,55]. Two of these patients 
had normal findings, but the remaining five patients had at least one 
elevated CSF biomarker. 

Manganotti et al. demonstrated elevation of CSF IL-8 and IL-1β in the 
CSF of three patients who presented with Guillain-Barré Syndrome 
18–30 days after onset of hyposmia, ageusia, fever and cough, all of 
whom had a positive nasopharyngeal and negative CSF SARS-CoV-2 
PCR, CSF protein <60 mg/dL and CSF WBC count ≤ 2 cells/µL [23]. 
All three patients had a higher CSF than serum IL-8 (reported normal for 
both CSF and serum <16.2 pg/mL; 42.6 pg/mL in CSF and 17.8 pg/mL 
in serum in one patient, 96 pg/mL in CSF and 55 pg/mL in serum in the 
second patient and 22.7 pg/mL in CSF and 20 pg/mL in serum in the 
third patient). One of these patients also had elevated CSF and serum 
IL-6 (reported normal for both CSF and serum <6.4 pg/mL; 9.6 pg/mL 
in CSF and 113 pg/mL in serum). All three patients improved 
neurologically. 

Delorme et al. reported two patients with mildly elevated CSF IL-6 
[35]. The first patient was a 72-year-old man with no past medical 
history who developed anosmia, fever and cough and had a positive 
nasopharyngeal SARS-CoV-2 PCR then presented with psychomotor 
agitation, myoclonus and cerebellar ataxia 15 days after symptom onset. 
CSF IL-6 was 13 pg/mL (reported normal <6.5 pg/mL; serum level not 
reported). Additional CSF studies showed a negative SARS-CoV-2 PCR, 
WBC count of 6 cells/µL, protein of 23 mg/dL and no oligoclonal bands. 
MRI of the brain was unremarkable. He was treated with intravenous 
immunoglobulins and was neurologically normal six weeks after onset 
of COVID-19. 

The second patient, who was also reported by Le Guennec et al. was a 
69-year-old man with diabetes, hypertension and a seizure in the setting 

Table 1 
Cerebrospinal fluid testing for evidence of SARS-CoV-2.  

Test Number of 
Patients Tested 

Results Notes 

CSF SARS-CoV-2 PCR  51 3 (6%) Positive  • 3 patients had positive CSF SARS-CoV-2 PCR [8,36,42] 
1 (2%) Indeterminate • 1 patient had an indeterminate CSF SARS-CoV-2 PCR (Ct value 37–40) fol

lowed by a negative CSF SARS-CoV-2 PCR [37] 
47 (92%) Negative  • 47 patients had a negative CSF SARS-CoV-2 PCR [9–14,16,17,19,20,22,25, 

28,31–33,35,37,40,43,45–47,49–52,54–58] 
CSF SARS-CoV-2 

Antibodies  
6 0 Positive CSF SARS-CoV-2 Antibodies with 

Evidence of Intrathecal Antibody Synthesis  
2 (33%) Positive CSF SARS-CoV-2 Antibodies but 
Indeterminate if there was Intrathecal Antibody 
Synthesis  

• 2 patients with positive CSF SARS-CoV-2 antibodies had no evaluation to 
distinguish intrathecal synthesis from transudation [51,57] 

1 (17%) Positive CSF SARS-CoV-2 Antibodies with 
no Evidence of Intrathecal Antibody Synthesis  

• 1 patient had positive CSF SARS-CoV-2 antibodies but no evidence of 
intrathecal synthesis based on the Tibbling-Dink, Delpech and transudation 
indices[10] 

3 (50%) Negative CSF SARS-CoV-2 Antibodies  • 3 patients had negative CSF SARS-CoV-2 antibodies [20,25,33] 
CSF Oligoclonal 

Bands  
15 1 (7%) Positive CSF Oligoclonal Bands with 

Evidence of Intrathecal Antibody Synthesis  
• 1 patient had type 2 (unmatched) oligoclonal bands consistent with 

intrathecal synthesis [20] 
1 (7%) Positive CSF Oligoclonal Bands but 
Indeterminate if there was Intrathecal Antibody 
Synthesis  

• 1 patient had positive oligoclonal bands with no comment on whether they 
were matched or unmatched [47] 

5 (33%) Positive CSF Oligoclonal Bands with no 
Evidence of Intrathecal Antibody Synthesis  

• 5 patients had matched CSF and serum oligoclonal bands consistent with 
blood-brain barrier breakdown [8,11,24,40,46,50] 

8 (53%) Negative CSF Oligoclonal Bands  • 8 patients had negative CSF oligoclonal bands [25,26,35,39–41,45,55] 
CSF 

Immunoglobulins  
6 0 Immunoglobulin Results Consistent with 

Intrathecal Antibody Synthesis  
1 (17%) Immunoglobulin Results Consistent with 
Possible Intrathecal Antibody Synthesis  

• 1 patient had an elevated IgG index but the value was not provided and 
oligoclonal bands were absent [39] 

5 (83%) Immunoglobulin Results Not Suggestive of 
Intrathecal Antibody Synthesis  

• 1 patient had an increased CSF IgG:albumin index (233) but low serum 
albumin and matched oligoclonal bands in CSF and serum consistent with 
blood-brain barrier breakdown [11]  

• 1 patient had elevated CSF IgG (5.3 mg/dL; reported normal <4.2 mg/dL) 
but IgG index was normal (0.51; normal range <0.7) and oligoclonal bands 
were matched consistent with breakdown of the blood-brain barrier [50]  

• 1 patient had positive CSF SARS-CoV-2 antibodies but no evidence of 
intrathecal synthesis based on the Tibbling-Dink, Delpech and transudation 
indices[10]  

• 2 patients had a normal IgG index [25,37]  
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of hyperglycemia who presented with status epilepticus one week after 
onset of anosmia, ageusia, fever and fatigue who had a positive naso
pharyngeal SARS-CoV-2 PCR [45]. He had elevated CSF and serum IL-6 
(16 pg/mL in CSF with reported normal <2.5 pg/mL and 28.8 pg/mL in 
serum with reported normal of <6.5 pg/mL). Additional CSF studies 
showed RBC count of 18 cell/µL, WBC count of 1 cell/µL, protein of 
66 mg/dL, glucose of 189 mg/dL (serum glucose 360 mg/dL), negative 
SARS-CoV-2 PCR, absence of oligoclonal bands, elevated tau 
(2000 pg/mL; reported normal 150–450 pg/mL), low β-amyloid 
(570 pg/mL; reported normal 650–2000 pg/mL) and no IL-10 or inter
feron-α. MRI showed a hyperintensity in the right orbital prefrontal 
cortex adjacent to the olfactory bulb which spread to the caudate, 
prompting the authors to hypothesize his seizures were the result of 
passage of SARS-CoV-2 through the olfactory pathway. He was treated 
with steroids and intravenous immunoglobulins and gradually 
improved, but had persistent dysexecutive syndrome 10 weeks after 
onset of COVID-19. MRI was repeated after 30 days and was normal. 

4. Discussion 

A number of mechanisms have been proposed to explain altered ol
factory and gustatory function in patients with COVID-19 [1,4]. First, 
the virus could infect the olfactory and/or gustatory cortex or associated 
subcortical tracts [4]. Second, the virus could infect the olfactory, facial, 
glossopharyngeal or vagus nerve [4]. Third, the virus could have a 
cytopathic effect on ACE2-expressing taste buds or olfactory epithelium, 
or on the synthesis of serotonin and dopamine neurotransmitters [4]. 
Fourth, rhinitis or stomatitis due to the virus could trigger an inflam
matory response that results in edema which impairs the functionality of 
taste buds or the olfactory epithelium temporarily (conductive or 
obstructive loss of function), but ultimately lead to destruction of 
normal cilia and sensory neurons and replacement by metaplastic 
squamous epilethelium [1,4]. Fifth, the virus could trigger a local im
mune response resulting in production of antibodies against tongue and 
olfactory epithelial cell membranes or receptors [4]. Lastly, altered ol
factory and gustatory function may be the result of a medication taken to 
ameliorate symptoms related to the virus, rather than the virus itself [4]. 
A complete discussion of local immune-mediated mechanisms in the 
olfactory/gustatory pathways in response to SARS-CoV-2 can be found 
elsewhere [1,4,59]. 

In this systematic review, we sought to evaluate the CSF of patients 
with COVID-19 who had altered olfactory and/or gustatory function for 
evidence of viral neuroinvasion. We identified 70 patients with COVID- 
19 who had altered olfactory and/or gustatory function and had CSF 
obtained [8–58]. Of the 52 patients who had CSF SARS-CoV-2 PCR 
testing, only 3 (6%) patients had a positive result and 1 (2%) had an 
indeterminate result consistent with possible viral neuroinvasion [8–14, 
16,17,19,20,22,25,28,31–33,35–37,40,42,43,45–47,49–52,54–58]. 
Evaluation for CSF SARS-CoV-2 antibodies was performed directly or 
indirectly (via testing for CSF oligoclonal bands or immunoglobulins) for 
about 25% of patients, but only 1 patient clearly had evidence of 
intrathecal antibody synthesis (unmatched oligoclonal bands); 4 others 
had possible intrathecal antibody synthesis, but did not have testing to 
determine if the antibodies were created intrathecally, or if they, or the 
cells that secreted them, were transmitted to the CSF via a damaged 
blood-brain barrier [8,10,11,20,24–26,33,35,37,39–41,45,47,50,51,55, 
57]. Although one patient had unmatched oligoclonal bands demon
strative of intrathecal antibody synthesis, the presence of these bands is 
nonspecific and does not definitively reflect synthesis of SARS-CoV-2 
antibodies [20]. Similarly, the fact that 7 patients had one or more 
elevated CSF biomarkers does not mean virus was present in their CSF; 
rather, this may reflect neuroinflammation in the setting of systemic 
infection, as there may be compartment-specific immune responses to 
COVID-19 [23,35,37,45,55]. Taken together, these findings suggest that 
detection of viral neuroinvasion by SARS-CoV-2 in the CSF of patients 
with altered olfactory and/or gustatory function is rare. 

There have also been radiographic studies of this patient population 
[1–3,60]. Saussez et al. performed sinus computed tomography on 16 
patients with persistent anosmia after infection with COVID-19 and 
found that 7 had a completely clear olfactory cleft, 6 had a partially 
opacified olfactory cleft and 3 had a completely opacified olfactory cleft 
[2]. Although the MRIs of some patients with SARS-CoV-2-related 
anosmia revealed a normal olfactory bulb and signal intensity, others 
have demonstrated inflammation of the olfactory clefts and/or olfactory 
bulb edema/enhancement/microhemorrhages [1,3]. Nonetheless, these 
imaging findings do not clarify the mechanism of altered olfactory and 
gustatory function in this population. 

Neuropathology studies can provide more definitive information 
about neuroinvasion than evaluation of CSF. Meinhardt et al. evaluated 
the olfactory mucosa/nerves/tracts in patients with COVID-19 port
mortem and found the highest levels of viral RNA for SARS-CoV-2 in the 
olfactory mucosa directly beneath the cribriform plate for 20 out of 30 
patients [61]. Using magnetic resonance microscopy, histopathological 
evaluation and immunohistochemical analysis, Lee et al. observed 
multifocal microvascular injury in the olfactory bulbs of postmortem 
patients with COVID-19 without evidence of viral infection [62]. 
Additional neuropathology studies, which incorporate both premortem 
clinical data, neuroimaging and CSF results, are needed. 

Our findings are dependent on both publication bias and limitations 
of our search methodology. There are likely additional patients with 
COVID-19 who had altered olfactory and/or gustatory function and had 
CSF obtained that were not included herein because 1) they did not (or 
could not) report these symptoms or 2) there was no published report of 
the clinical details of their case during our search period so they were 
not captured in our search. Additionally, CSF results can change over 
time, and the CSF from the patients included in this review was not 
obtained at a specific time point relative to the onset of altered olfactory 
and/or gustatory function. Lastly, although we excluded patients who 
had subarachnoid hemorrhage or meningitis/ventriculitis/encephalitis 
due to an infectious organism other than COVID-19, it is worth noting 
that we included patients with inflammatory diagnoses which could 
alter the CSF profile, such as acute disseminated encephalomyelitis. 

5. Conclusion 

Altered olfactory and/or gustatory function in patients with COVID- 
19 is common, but the mechanism for these symptoms is uncertain. Our 
findings suggest that detection of viral neuroinvasion in this patient 
population via CSF SARS-CoV-2 PCR or evaluation for intrathecal anti
body synthesis is rare. Additional research is needed to clarify the 
pathogenesis of these symptoms in patients with COVID-19. 
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fisher syndrome and polyneuritis cranialis in COVID-19, Neurology 95 (2020) 
e601–e605. 

[14] N. Riva, T. Russo, Y.M. Falzone, M. Strollo, S. Amadio, U. Del Carro, M. Locatelli, 
M. Filippi, R. Fazio, Post-infectious Guillain-Barré syndrome related to SARS-CoV-2 
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H.H. Goebel, H.R. Gelderblom, H. Martin, A. Nitsche, W.J. Schulz-Schaeffer, 
S. Hakroush, M.S. Winkler, B. Tampe, F. Scheibe, P. Körtvélyessy, D. Reinhold, 
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