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ARTICLE INFO ABSTRACT
Keywords: Background: Retinal abnormalities are being increasingly reported in COVID-19, in addition to the well-known
COVID-19 symptoms of this disease accounting for the neurological involvement. In this study, we aimed to investigate

Optical coherence tomography
Ganglion cell layer

Brain fog

Headache

whether ganglion cell layer thickness (GCLT) was different in recovered COVID-19 patients compared to controls
in the subacute stage and to determine whether it correlated with COVID-19-related neurological symptoms or
pneumonia.

Methods: This study involved 40 patients who had recovered from COVID-19 and 40 age- and sex-matched
healthy controls. All the participants underwent ophthalmological examination, spectral domain optical coher-
ence tomography and neurological examination. The clinical and biochemical properties of the patients were
noted and their correlations with GCLT were sought.

Results: The duration after COVID-19 infection was 113 + 62 (mean + SD) days. At this subacute stage, there was
no significant difference between the GCLT measurements of the COVID-19 patients and the controls (14 + 4.0
um [median + IQR] vs 16 + 4.8 um, respectively). When we analyzed the relationships with neurological
symptoms in the patient group, we found that patients with cognitive symptoms had lower GCLT values
compared to those without (13 & 3 pm vs. 16 + 4 pm, respectively; p = 0.002). Patients who suffered headache
during the acute infection also had lower GCLT values compared to those without (14 + 4 pm vs. 18 &+ 5 ym,
respectively; p = 0.015). The GCLT values did not differ significantly with respect to anosmia, ageusia, sleep
disturbances, having had COVID-19 pneumonia, or smoking status. Age, duration after COVID-19, and blood
levels of thyroid stimulating hormone, glucose, vitamin D and vitamin B12 were not in correlation with GCLT in
our study.

Conclusion: Our findings highlight an association between GCLT values and neurological symptoms such as
cognitive disturbance (brain fog) and headache in patients who had recovered after non-severe COVID-19
infection. Neuroretinal involvement by SARS-CoV2 might be linked to central neurological symptoms. The pa-
tients with lower GCLT values may benefit from close monitoring for neurological problems.

* Correspondence to: Department of Neurology, Faculty of Medicine, TOBB University of Economics and Technology, 06510 Ankara, Turkey.

E-mail addresses: aslihantaskiran@gmail.com (A. Taskiran-Sag), drerdaleroglu@gmail.com (E. Eroglu), kemalozulken@hotmail.com (K. Ozulken), sulejan82@
gmail.com (S. Canlar), bpoyraz@tobbetuhastanesi.com.tr (B.M. Poyraz), bm.sekerlisoy@gmail.com (M.B. Sekerlisoy), tarkanmumcuoglu@yahoo.com
(T. Mumcuoglu).

1 ORCID: 0000-0001-7542-106X
2 ORCID: 0000-0002-0412-8998
3 undergraduate

https://doi.org/10.1016/j.clineuro.2022.107263

Received 10 November 2021; Received in revised form 11 March 2022; Accepted 11 April 2022
Available online 26 April 2022

0303-8467/© 2022 Elsevier B.V. All rights reserved.


mailto:aslihantaskiran@gmail.com
mailto:drerdaleroglu@gmail.com
mailto:kemalozulken@hotmail.com
mailto:sulejan82@gmail.com
mailto:sulejan82@gmail.com
mailto:bpoyraz@tobbetuhastanesi.com.tr
mailto:bm.sekerlisoy@gmail.com
mailto:tarkanmumcuoglu@yahoo.com
www.sciencedirect.com/science/journal/03038467
https://www.elsevier.com/locate/clineuro
https://doi.org/10.1016/j.clineuro.2022.107263
https://doi.org/10.1016/j.clineuro.2022.107263
https://doi.org/10.1016/j.clineuro.2022.107263
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clineuro.2022.107263&domain=pdf

A. Taskiran-Sag et al.

1. Introduction

SARS-CoV-2 enters host cells via angiotensin-converting enzyme 2
(ACE2) and TMPRSS2, a cell surface-associated protease that promotes
viral uptake [1]. ACE2 expression is high in the epithelium of nasal
mucosa and also alveolar pneumocytes [2,3]. Recently, ocular cells have
been demonstrated to express ACE2 and TMPRSS2 [4,5]. SARS-CoV-2
itself was detected in the conjunctival secretions of some patients, sug-
gesting possible transmission of the disease through ocular secretions in
the absence of conjunctivitis [6]. In a recent paper, researchers were
able to show the expression of ACE2 and TMPRSS2 in human retina via
immunohistochemistry and immunoprecipitation [7]. Expression was
identified in multiple non-vascular neuroretinal cells, including the
ganglion cell layer, endothelial cells and pericytes. Araujo-Silva et al.
investigated the eyes of three severe COVID-19 patients and observed
presumed viral particles morphologically within endothelial cells and
also the inner and outer nuclear layers by electron microscopy. They also
stained for viral proteins, and showed their intracellular presence via
immunofluorescence in these enucleated eyes. The patients were severe
COVID-19 cases who needed mechanical ventilation and had a fatal
course [8].

These findings are important from a neurological perspective, since
retina can be described as an outgrowth of the brain, and the fact that
transsynaptic spread is proposed to be a dissemination pathway for
SARS-CoV-2 [9]. Studies showing retinal abnormalities in COVID-19
patients are being increasingly reported in the literature [10-13].
Some of these abnormalities are of vascular or microvascular origin and
others may be related to coagulopathy or systemic inflammation; how-
ever, direct demonstration of SARS-CoV-2 receptors on many types of
ocular cells (surface and neuronal cells) and identification of viral pro-
teins in neuroretinal cells indicate the possibility that the retina may be a
gateway for viral entry to the brain, and therefore, retinal involvement
might serve as a marker for central neurological involvement. This is
particularly important, because ACE2 is expressed not only by vascular
cells in the brain but also by glia and neurons in a widespread manner
[14-17]. With respect to the various neurological manifestations of
COVID-19, this route of viral propagation warrants further
investigation.

Optical coherence tomography (OCT) is a simple and non-invasive
imaging modality that enables the assessment of retinal changes. Gan-
glion cells are the final output neurons of retina, hence ganglion cell
layer thickness may be used as a single measure of neuroretinal
involvement. In this study, we aimed (i) to investigate whether ganglion
cell layer thickness (GCLT; measured by OCT) was different in recovered
COVID-19 patients compared to controls in the subacute stage (>4
weeks after recovery of acute infection) and, (ii) to determine whether
GCLT correlated with COVID-19-related neurological symptoms (head-
ache, cognitive symptoms and other cranial nerve involvements-like
anosmia and ageusia) or pneumonia.

2. Methods
2.1. Patients

This study involved 40 patients who had recovered from COVID-19
and 40 healthy controls. Sample size was decided after power calcula-
tion with the preliminary data assuming alpha = 0.05 and beta = 0.15.
The patient group was comprised of subjects who were admitted to our
outpatient clinics between March 1, 2021 and June 1, 2021 with a prior
diagnosis of COVID-19. Inclusion criteria for the patient group were,
being aged between 18 and 70 years and having undergone a poly-
merase chain reaction test confirming COVID-19 diagnosis at the acute
stage of disease. All the patients who met these criteria were recruited to
the study consecutively. The control group was comprised of age- and
sex-matched subjects without prior diagnosis of COVID-19. Individuals
were excluded from the study if they had previously documented retinal
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disease(s), glaucoma or high refractive disorder. All patients with
COVID-19 had been treated with favipiravir after diagnosis due to
official health regulations. Demographic characteristics, smoking status,
comorbidities (hypertension, diabetes mellitus, endocrinopathies etc.),
duration since recovery from COVID-19 and biochemical parameters
(thyroid stimulating hormone, glucose, vitamin D and vitamin B12
levels) were recorded. Family history for any neurodegenerative or
ocular degenerative disease was noted. We also recorded whether pa-
tients had been diagnosed with pneumonia and whether hospitalization
was needed during their acute infection. The ‘recovery’ was accepted as
the cessation of the acute symptoms of infection (fever, respiratory
symptoms, arthralgia, myalgia etc.) or the end of quarantine period and
getting back to work -as in the cases with minimal symptoms. The study
was approved by the local Clinical Research Ethics Committee (KAEK
118/095) of our hospital, and individuals were included in the study
only after obtaining written informed consent from each participant. All
steps and procedures of the study conformed to the World Medical As-
sociation Declaration of Helsinki.

2.2. Ophthalmological evaluation

All participants (N = 80) underwent slit-lamp evaluation, best cor-
rected visual acuity (BCVA) assessment and spectral domain OCT
(Heidelberg Engineering, Inc., Heidelberg, Germany). Two ophthal-
mologists examined COVID-19 patients for the presence of papilledema,
and any retinal or choroidal pathology. OCT studies were performed by
two experienced technicians without prior pupil dilatation. The mini-
mum signal strength for acceptable OCT image quality was defined as >
7/10. The GCLT values of both eyes were measured from the macula via
spectral domain OCT, and subjects in which the two eyes showed a GCLT
difference greater than 2 micrometers were planned to be excluded from
the study with respect to the possibility of unknown ocular confounders.
However, none of the patients were excluded according to this criterion.
For comparative analyses, we used the GCLT values of the right eye of
each participant.

2.3. Neurological evaluation

The patient group was inquired about the following COVID-related
neurological symptoms: cranial nerve involvement during acute infec-
tion (anosmia, parosmia, ageusia), headache, central symptoms (sleep
disturbance, cognitive complaints/disturbance-brain fog). Analyses of
GCLT values within patient subgroups were performed with respect to
these characteristics. All patients had undergone neurological
examination.

2.4. Statistical analysis

Before conducting analyses in continuous variables, the normality of
distribution of each variable was assessed by evaluation of skewness,
kurtosis and coefficient of variation, and application of normality test
(Shapiro-Wilk). Continuous variables showing normal distribution were
described with mean =+ standard deviation (SD) values, while non-
normally distributed variables were described with median + inter-
quartile range (IQR). The Mann-Whitney U test was utilized for group
comparisons of GCLT. Correlations between GCLT, duration since re-
covery, age and biochemical parameters were analyzed by calculating
Spearman correlation coefficients. Chi-square tests were used for the
comparison of the distribution of categorical variables between groups.
Statistical analysis was performed using the IBM SPSS version 20
software.

3. Results

The mean age of the patient group was 35.9 + 10.8 (SD) and the
group included 24 females and 16 males. The mean age of the control
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group was 33.4 + 7.8 (SD) and the group consisted of 26 females and 14
males. The age and sex distributions were similar between the cases and
controls (p = 0.25, student’s t-test; p = 0.64, Chi-square test, respec-
tively). Mean duration after COVID-19 infection was 113 + 62 (SD) days
(Table 1).

Only one of the patients had been hospitalized during the COVID-19
infection and needed nasal oxygen supply. The other patients had been
quarantined at home and all had received favipiravir therapy. Comor-
bidities were identified in 15% of the patient group, including diabetes
mellitus (n = 1), hypertension (n = 1), and thyroid disorder(s) (n = 4).
None of the patients were found to have neurological deficit on exami-
nation. Ophthalmological evaluation did not reveal papilledema, any
retinal or choroidal pathology in any subject. Slit-lamp examinations
were unremarkable in all. There was no significant difference in BCVA
measurements of the cases and controls. Interestingly, one patient re-
ported having ocular pain during the acute stage of infection and
another one reported suffering from flashes of light in both eyes in the
relatively later stages of disease. Their fundoscopic examinations were
unremarkable, as well.

The GCLT value of patients who had suffered from COVID-19 was 14
+ 4.0 um (median + IQR), while the value was 16 + 4.8 um (median +
IQR) in the control group. The difference between the groups was not
statistically significant (p = 0.332) (Fig. 1).

When we analyzed the relationships between GCLT values and
neurological symptoms in the patient group (Table 2), we found that
there were significant differences with respect to the presence/absence
of cognitive symptoms and headache. Patients with cognitive symptoms
(n = 15) had significantly lower GCLT values compared to those without
(13 £+ 3 pm vs. 16 + 4 pym, respectively; p = 0.002). Patients who suf-
fered headache during the acute infection (n = 29) also had significantly
lower GCLT values compared to those without (14 + 4 ym vs. 18
+ 5 um, respectively; p =0.015). The GCLT values did not differ
significantly with respect to anosmia, ageusia, sleep disturbances, hav-
ing had COVID-19 pneumonia, or smoking status.

We also searched for any possible correlations between GCLT and
parameters such as age, duration after COVID-19, and some biochemical
parameters (thyroid stimulating hormone, glucose, vitamin D and
vitamin B12 levels). There were no correlations between these
parameters.

4. Discussion

This study revealed that, in the subacute period, the macular GCLT
values of recovered COVID-19 patients were similar to that of healthy
controls. However, when patients had suffered from cognitive distur-
bance after COVID-19, their GCLT values were significantly lower than
the rest of the patient group that did not suffer cognitive disturbance. A
similar trend was seen in patients who had headaches during COVID-19
infection, even though this particular result might be hampered by the
low number of subjects without headache during COVID-19.

In this study, we utilized thickness of the ganglion cell layer
measured by OCT as an indirect measure of subtle retinal involvement in

Table 1
Clinical characteristics of the study population. SD: standard deviation.

Cases of COVID-19 N = 40 Controls N = 40

Age (mean + SD) 35.9 +10.8 33.4+78
Sex 24 Female/16 Male 26 Female/14 Male
Duration (mean =+ SD) 113 £ 62 days -
Treatment N =40 -
Hospitalization N=1 -
Comorbidity N=1 N=3
Hypertension N=1 N=1
Diabetes Mellitus N=4
Thyroid disorder
Having pneumonia N=8 -
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Fig. 1. Ganglion cell layer thickness measurements at macula via OCT did not
show a significant difference between cases of COVID-19 and controls.

Table 2
Comparison of ganglion cell layer thickness measurements of patients with
COVID-19 with regard to clinical properties. IQR: interquartile range.

Ganglion cell layer thickness (median + IQR) P value
Cases with anosmia Cases without anosmia
14.5 4 5 pum 14 £5um 0.513
Cases with ageusia Cases without ageusia
14 + 5 pum 14 £ 4.5 ym 0.595
Cases with headache Cases without headache
14 + 4 ym 18 + 5 um 0.015
Cases with anosmia or ageusia ~ Cases with neither anosmia nor
ageusia

15+ 5um 13 +4.5um 0.178
Cases with pneumonia Cases without pneumonia
13.5+ 2.5 um 15+ 5um 0.381
Cases with cognitive Cases with no cognitive symptoms

symptoms
13 4+ 3 um 16 + 4 ym 0.002
Cases who smoke Cases who do not smoke
14 + 3.5 ym 14+ 7 ym 0.533

COVID-19, since the retina is generally normal on fundoscopic exami-
nation [18]. The presence of anosmia or ageusia -the signs of other
cranial nerve involvements- appear to be unrelated to retinal involve-
ment. Central neurological complaints (headache and cognitive symp-
toms, but not sleep disturbances), however, showed relationships with
GCLT. Direct demonstration of the presence of SARS-CoV2 in neuro-
retinal tissue is extremely difficult except for postmortem studies, hence,
we need to appraise some indirect measures in clinical studies. The as-
sociation we found between GCLT in the subacute period and the
neurological symptoms might imply possible viral access to the central
nervous system through ocular structures although we can get no proof
at the tissue level. It is evident that further studies are necessary to arrive
at definitive conclusions; however, it may be feasible to suggest that
patients with lower GCLT values may benefit from close monitoring for
neurological problems.

Patients with headaches and cognitive symptoms in this study
demonstrated ganglion cell layer thinning. Many OCT studies on COVID-
19 patients either indicated no difference compared to controls, or
presented some topographical differences in the retinal nerve fiber layer
(RNFL) or the ganglion cell layer [19-21]. These studies had mostly
assessed patients during the acute period of infection or the relatively
early period after disease. In those periods, it is evident that the systemic
inflammatory response could still be active, and thus, could have been
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affecting many tissues in the body. Nonetheless, a study on retinal
findings of COVID-19 patients 1-4 months after the illness revealed no
significant change in central macular thickness, RNFL or the foveal
avascular zone compared to healthy controls [22]. This study also did
not include severe COVID-19 cases, similar to our cohort. They reported
no subgroup analysis according to symptoms associated with neuro-
logical involvement. In a study by Burgos-Blasco et al., which assessed
patients four weeks after COVID-19 diagnosis, they found that patients
had significant increases in peripapillary RNFL and decreases in macular
RNFL in some quadrants [21]. Besides, the patients who reported
anosmia and ageusia during the infection were found to have increased
peripapillary RNFL thickness and macular GCLT in some sectors of the
retina compared to patients without these symptoms [21]. The authors
noted that these alterations may be associated with residual inflamma-
tion in some regions of the retina and could lead into atrophy in the long
term. In this context, our findings appear to be in support of previous
findings, and lend credibility to the notion that viral dissemination into
the eye may lead to atrophy —since our measurements were performed at
a later stage after COVID-19 (mean of 113 days). We found no significant
difference between patients with and without anosmia or ageusia. This
may also be related to the time window for neuroretinal assessment (i.e.
transition from acute to chronic stage). However, GCLT was already and
significantly lower in the patients who suffered from headache and those
who had cognitive symptoms after acute illness, implying central
neurological involvement. The observed change in the GCLT values of
this specific group of COVID-19 patients may support the trans-neuronal
route of virus dissemination towards central nervous system [9]. In a
recent review, a possible pathophysiological mechanism for long COVID
symptoms was proposed to be olfactory sensory neuronal damage
leading to glymphatic circulatory failure in the brain [23]. SARS-CoV-2
can cause a decrease in the number of olfactory sensory neurons, which
may increase the resistance to cerebrospinal fluid outflow through the
cribriform plate. This may, in turn, result in increased intracranial
pressure [23]. Interestingly, OCT and retinal nerve fiber layer thinning
may reflect this disturbance in glymphatic circulation since the toxic
build-up and increased pressure have the potential for damaging neu-
roretinal cells [24]. Our finding of thinner ganglion cell layer in patients
who suffered from headache and those who had cognitive symptoms
seems to be in line with this hypothesis. It is important to note that none
of our patients had severe acute neurological complications of
COVID-19 which could have the potential to affect the nerve layer of the
eye. In addition, the scarcity of comorbidities in our patient group was
also a positive feature in terms of confounders that could alter GCLT.

We also checked for some biochemical parameters that may affect
retinal measurements. GCLT did not show any correlation with TSH,
glucose, vitamin D or vitamin B12 levels of the cases. Smoking may
cause toxic effects on the optic nerve and could lead to thinning of
retinal layers [25]. Besides, nicotine can stimulate ACE2 expression, and
nicotinic acetyl choline receptors have functional interactions with
ACE2, the point of viral entry [26]. Based on this knowledge, smoking
status of the cases and the whole study population were analyzed; but no
differences were found with respect to cigarette smoking in GCLT
values. Finally, the age of the subjects might have an effect on GCLT,
independently of COVID-19. However, our analyses revealed no asso-
ciation between age and GCLT.

There are several limitations of our study. First of all, the area chosen
for GCLT measurements (i.e. macula) may have affected the results.
Secondly, the duration since recovery from COVID-19 had a wide range
among our patients (mean + SD: 113 + 62 days) although all were in
the subacute period after the disease (>4 weeks). This may have caused
variability in the results. Also, the sample size of our study group was
small, especially for subgroup analysis.

Nevertheless, this study highlights an association between GCLT
values measured via OCT and neurological symptoms such as cognitive
disturbance (brain fog) and headache in patients who had recovered
after non-severe COVID-19 infection. Unlike other cranial nerve
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involvements (anosmia and ageusia), central neurological symptoms
might be linked to retinal viral entry and may warrant higher
surveillance.
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