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Abstract
Objective: COVID–19 which is still the leading health problem in the world, is not yet fully 
understood, therefore the study aims to investigate the posterior segment of the eye in 
patients with COVID–19 using optical coherence tomography.
Material and Method: The present study was designed prospective and cross-sectional. Pa-
tients with a positive test result of COVID–19 and healthy controls who were older than 18 
years were included in the study. Excluded from the study were the patients with any systemic 
comorbidity and ocular disease. The demographic and clinical data, including ocular findings 
and the optical coherence tomography data, including hyper-reflective lesions, retinal nerve 
fiber layer, ganglion cell complex, and macular thicknesses were recorded as outcomes and 
analyzed.
Results: Twenty patients with SARS-CoV-2 and 20 healthy subjects were included in this 
study. There was no difference between COVID-19 patients and healthy controls in terms 
of the retinal nerve fiber layer, ganglion cell complex, and macular thicknesses (p>0,05). 
Hyper-reflective lesions were detected in 18(45%) eyes of 9(45%) patients with COVID – 
19 and 15(37,5%) eyes of 8(40%) healthy subjects’ retina with no significant difference 
between groups (p = 0,165).
Conclusion: Hyper-reflective lesions could only be retinal vessels’ tangential cuts seen in 
optical coherence tomography B-Scans. There was not enough data that could indicate 
posterior segment involvement of COVID–19. 

Öz
Amaç: Kliniği tam olarak anlaşılamamış olan COVID–19, hala dünyanın önde gelen sağlık 
problemi olmaya devam etmektedir. Bu nedenle bu çalışmada optik koherens tomogra-
fi kullanılarak COVID–19 hastalarının gözlerinin arka segmentini araştırmayı amaçladık.
Gereç ve Yöntem: Çalışma prospektif ve kesitsel olarak tasarlanmıştır. On sekiz yaşın-
dan büyük COVID – 19 test sonucu pozitif olan hastalar ve sağlıklı kontroller çalışmaya 
dahil edilmiştir. Göz ya da sistemik komorbiditesi olan hastalar çalışma dışı bırakılmıştır. 
Göz muayene bulguları, hiper-reflektiv lezyonlar, retina sinir lifi tabakası, ganglion hücre 
kompleksi ve maküler kalınlıkları olmak üzere optik koherens tomografi verilerini de içeren 
demografik ve klinik veriler kayıt edilmiş ve sonuçlar analiz edilmiştir. 
Bulgular: Yirmi COVID–19 hastası ve 20 sağlıklı gönüllü çalışmaya dahil edilmiştir. Sağ-
lıklı gönüllüler ile hastalar arasında retina sinir lifi tabakası, ganglion hücre kompleksi ve 
maküler kalınlıklar açısından anlamlı fark görülmemiştir (p>0.05). Hiper-reflektiv lezyonlar 
9 (%45) hastanın 18 (%45) gözünde ve 8 (%40) sağlıklı gönüllünün 15 (%37,5) gözünün 
retinalarında tespit edildi. Hiper-reflektiv lezyon varlığı açısından gruplar arasında anlamlı 
bir fark tespit edilmemiştir (p = 0,165).
Sonuç: Hiper-reflektiv lezyonlar yalnızca retinal damarların optik koherens tomografi B ta-
ramalarında izlenen tanjansiyal kesiti olabilir. COVID–19’un gözün arka segmentini etkile-
yebileceğini gösteren yeterli veri elde edilememiştir. 
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INTRODUCTION

Coronavirus disease (COVID–19), first reported in Decem-
ber 2019 in Wuhan, China, has been spreading worldwide 
since then. The pathogen causing this disease is a non-seg-
mented positive-sense RNA virus called severe acute respira-
tory syndrome coronavirus–2 (SARS CoV-2), which has a simi-
lar binding receptor (angiotensin–converting enzyme - 2) and 
similar pathologic features and epidemiological characteristi-
cs with SARS CoV (1,2). It is believed that Coronaviridae are 
not always confined to the respiratory tract, and neurological 
signs, such as headache, nausea, and vomiting suggest the 
CNS involvement of these viruses (3,4) Although it is very well 
known that SARS CoV mainly affects the respiratory system, 
a few studies have underlined the eye as a potential site for 
replication and transmission (5,6). 

Recently, Marinho et al.(7) released a new report showing 
hyper-reflective (HR) lesions at the level of ganglion cells and 
inner plexiform layers of the papillomacular bundle using spe-
ctral domain-optical coherence tomography (SD-OCT) in 12 
healthcare professionals with COVID – 19. However this study 
had several major limitations. One of the most important li-
mitations was that the study had no controls. There are also 
case reports which indicate that posterior segment manifes-
tations could be seen in COVID – 19 patients’ eyes (8,9). In 
this study, we aimed primarily to investigate the posterior seg-
ment of the eyes in patients with COVID – 19 using SD-OCT 
and secondly, show these HR lesions if there are any and se-
arch for associations between the presence of these lesions 
and the thicknesses of the retinal nerve fiber layer (RNFL), 
ganglion cell complex (GCC) and macula. 

MATERIAL and METHODS

Demographic and clinical data
The study design was prospective and cross-sectional. 

Twenty healthy subjects and 26 COVID-19 patients with mild 
to moderate severity of pneumonia who were hospitalized 
between 1st to 30th April 2020 for diagnosis and treatment 
were included in this study. The demographic features, inc-
luding age and gender, and clinical features, including sy-
mptoms, the severity of pneumonia according to the Turkish 
Ministry of Health, Scientific Committee, Guidelines for CO-
VID-19 (10), elapsed time since the first symptom occurred, 
elapsed time since hospitalization, the time from the first 
symptom to hospitalization, and the treatment applied was 
recorded for each case. All participants underwent a comp-
lete ophthalmological examination, including best-corrected 
visual acuity (BCVA) with a Snellen chart, intraocular pressu-
re measurement with a non-contact air-puff tonometer, slit-
lamp biomicroscopy examination, and dilated fundoscopy 
along with SD-OCT (RTVue-100 OCT, Optovue Inc, Fremont, 
CA) scanning. 

The study included patients older than 18 years. Patients 
with a positive test result of COVID-19 according to the re-
al-time reverse transcriptase-polymerase chain reaction (rRT-
PCR, using nasal or oral swabs) test were included in the 
COVID – 19 patients group. Excluded from the study were 

patients with severe COVID-19, those with systemic comor-
bidities (diabetes mellitus, hypertension, chronic obstructive 
lung diseases, such as asthma, connective tissue disorders, 
and autoimmune diseases), and those with ocular diseases 
(any ocular surgery history, spherical equivalent > ±3 D, cor-
neal astigmatism > ±3 D, cataract, corneal diseases, glauco-
ma, retinal diseases, such as retinal vascular obstruction and 
age-related macular degeneration).  

SD-OCT scanning
 An RTVue-100 OCT device (Optovue Inc, Fremont, CA) was 

used for scanning. The RNFLT, MRT, and GCCT of both eyes of 
the study participants were evaluated. The RNFLT map was 
measured along a circle of 3.45 mm in diameter centered 
on the optic disc. A 3D disc protocol was used to register the 
edge of the optic nerve head. The global (average) RNFL thick-
ness, the RNFL thickness of the superior and inferior hemifiel-
ds, and the temporal, superior, nasal, and inferior quadrants 
were recorded for the analyses. The GCC protocol explored 
parameters within a circle of 6 mm diameter with the center 
of the GCC scan being shifted approximately 1 mm temporal 
to the fovea to improve the sampling of temporal peripheral 
nerve fibers. The GCC thickness of the superior and inferi-
or hemifields and the global (average) GCC thickness were 
recorded from these scans. The macular thicknesses of the 
same fields as GCC were also obtained from the same scans. 
The enhanced deep imaging mode of SD-OCT was used to 
evaluate the macula and papillomacular bundle for the HR 
lesions which are described as HR foci or plaque seen in the 
papillomacular bundle at the level of ganglion cell and inner 
plexiform layers.(7) 

Statistical analyses
The Statistical Package for the Social Sciences v. 21 

(SPSS, Inc., Chicago, IL, USA) was used for statistical analy-
sis. Quantitative variables were defined as mean and stan-
dard deviation (SD) and qualitative variables as percentages. 
Power calculation was not required due to the exploratory 
nature of the study. The Shapiro-Wilk test was used to deter-
mine whether the sample came from a normally distributed 
population. The Pearson chi-square test was used to analy-
ze the gender and symptom distribution among the groups 
and the presence of HR lesions. According to the normality 
test results, the Mann-Whitney U test or Student’s t-test was 
used to compare the age between COVID – 19 patients and 
controls. All the eye-related parameters were compared using 
generalized estimating equations (GEE). For each parameter 
[RNFL, GCC and macular thicknesses, and intraocular pressu-
re (IOP)], a single age- and gender-corrected GEE model with 
the correlation matrix “independent” was created. In these 
models, eye-related parameters were chosen as the depen-
dent variables, gender and grouping as factors, and age as 
the covariant. At the end of this process, the main effects of 
grouping on eye-related models were calculated. The GEE re-
sults were given with the correlation coefficient (B), 95% Wald 
confidence interval (CI), and P value. A P value less than 0.05 
was considered statistically significant. 

Ethical approval
This study was carried out under the principles of the Decla-

ration of Helsinki after obtaining the permission of the Turkish 
Ministry of Health and the approval of the Clinical Research 
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Ethics Committee of Umraniye Training and Research Hospi-
tal, Istanbul, Turkey (Approval number: B.10.1.THK.4.34.H.
GP.0.01/205). Written informed consent was obtained from 
each patient. 

RESULTS

Demographic and clinical data
Six patients were excluded from the study due to having 

a history of intraocular surgery (n = 2), diabetes mellitus 
(n = 1), or arterial hypertension (n = 3); thus, the analyses 
were conducted in the remaining 40 participants. HR lesions 
were found in 18 eyes of 9 patients (45%) and 15 eyes of 8 
healthy subjects (%40)(Figure 1). According to the presence 
of HR lesions, two groups were similar (P = 0.165). The two 
groups had a similar distribution in terms of age and gender 
(P = 0.214 and 0.572, respectively). Sixteen patients were 
hospitalized due to mild pneumonia and 4 due to moderate 
pneumonia. At the time of presentation to the hospital, the 
patients’ symptoms were fever (n = 13, 65%), cough (n = 12, 
60%), dyspnea (n = 7, 35%), muscle soreness and fatigue (n 
= 4, 20%), headache (n = 5, 25%), nausea (1, 5%), diarrhea 
(n = 1, 5%), and anosmia (n = 4, 20%). The demographic and 
clinical features of the participants are given in Table 1.  

The groups showed no significant difference in terms of 
IOP (P = 0.426). The mean LogMAR-converted BCVA was 0.00 
for both groups. No conjunctivitis or anterior segment involve-
ment was seen in any patient. With the dilated fundus exami-
nations, no sign of retinal involvement was presented in any 
patient and healthy subject.

Analyses of SD-OCT scans; RNFL
The RNFL thickness values of the participants and the re-

sults of GEE analyses are given in Table 2. RNFL of all quad-
rants, independent of age and gender, were not significantly 
differed between patients and healthy subjects. (P > 0.05 for 
all quadrants)

3

COVID–19 
Patients,

n = 20, 40 
eyes

Healthy 
Controls,

 n = 20, 40 
eyes

B 95% Wald 
CI

P

RNFL, global 
(µm ± SD)

102.91 ± 
12.82

101.42 ± 
9.19

1.465 -1.302 / 
3.720

0.314

RNFL, sup. h. 
(µm ± SD)

104.45 ± 
15.57

99.00 ± 
9.13

6.409 -0.440 / 
7.258

0.081

RNFL, inf. h. 
(µm ± SD)

101.57 ± 
11.36

97.87 ± 
11.49

3.833 -2.306 / 
5.360

0.251

RNFL, temporal 
(µm ± SD)

80.13 ± 
16.61

77.17 ± 
14.48

2.061 -4.838 / 
7.959

0.316

RNFL, sup. 
(µm ± SD)

126.18 ± 
21.96

120.01 ± 
12.82

4.182 -2.382 / 
8.745

0.206

RNFL, nasal 
(µm ± SD)

76.14 ± 
11.92

73.56 ± 
13.86

2.581 -1.400 / 
5.761

0.221

RNFL, inf. 
(µm ± SD)

129.32 ± 
14.20

125.78 ± 
17.70

3.540 -3.235 / 
9.845

0.215

Table II. RNFL thickness values of the participants and the 
results of GEE analyses

RNFL; retinal nerve fiber layer, GEE; generalized estimating equations, B; coefficient, 
CI; confidence interval, sup; superior, h; hemisphere, inf; inferior. Significant P values 
are shown in bold. 

COVID – 19 
Patients,

n = 20

Healthy 
Controls,
 n = 20

P

Age (years ± SD) 42.55 ± 11.50 41.12 ± 14.06 0.214*

Female (n/%) 7/35.0 8/40.0 0.572**

Time since the 
first symptom 
(day/range)  

7.18/3-18 n/a n/a

Time since 
hospitalization 
(day/range)

4.39/1-15 n/a n/a

Time from 
symptom onset 
to hospitalization 
(day/range) 

2.84/0-7 n/a n/a

Pneumonia, 
mild (n/%) - 
moderate (n/%)

16/80.0 - 
4/20.0 n/a n/a

IOP (mmHg ± SD) 13.7 ± 3.15 14.2 ± 3.21 0.426***

BCVA (LogMAR 
± SD)

0.00 ± 0.0 0.00 ± 0.0 n/a

Presence of HR 
lesions (eyes/%)

18/45.0 15/37.5 0.165**

Table I. Demographic and clinical features of the participants

SD; standard deviation, IOP; intra-ocular pressure, BCVA; best-corrected visual acuity, 
HR; hyper-reflective. *Mann-Whitney U test, **Pearson’s chi-square test, ***Generali-
zed estimation equations.Figure I. The samples of HR lesions which were detected 

using optical coherence tomography of the macula. White 
arrowheads; HR dots, red arrowheads; HR plaques. HR: hyper-
reflective. 
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Analyses of SD-OCT scans; Macula and GCC
The macular and GCC thickness values of the participants 

and the results of GEE analyses are given in Table 3. There 
was no significant difference in terms of the global macular 
thickness of that of the superior and inferior hemifields (P = 
0.861, 0.720, and 0.369, respectively). Although the GCC of 
the patients with COVID – 19  was thicker than healthy sub-
jects, the differences were not significant (P = 0.303, 0.218, 
and 0.265, respectively).

DISCUSSION

In the present study, we investigated COVID-19 patients 
with mild to moderate pneumonia and healthy subjects for HR 
lesions, which Marinho et al.(7) described. Twenty of 26 pa-
tients and 20 healthy subjects met the inclusion criteria. We 
detected HR lesions in 18 eyes of 9 patients and 15 eyes of 8 
healthy subjects. There was no significant difference between 
the COVID – 19 patients and healthy individuals. These re-
sults suggest that the HR lesions which were presented in the 
papillomacular bundle could only be retinal vessels’ tangenti-
ally cut on OCT B-scans. In our study, we also found no signifi-
cant differences between healthy and COVID – 19 patients in 
terms of the thicknesses of RNFL, GCC, and macula. Although 
it is almost impossible to draw definite conclusions because 
of such a small sample size, we believe that the retinal invol-
vement is not likely in COVID–19.   

The Coronaviridae family of viruses consists of enveloped 
viruses with a large plus-strand RNA genome (27 – 32 kb) 
that is polyadenylated and capped. COVID-19 is not the only 
coronavirus-associated disease. There were seven corona-
viruses types known before SARS-CoV-2, which could infect 
humans: 229E (alphacoronavirus), NL63 (alphacoronavirus), 
OC43 (betacoronavirus), HKU1 (betacoronavirus), SARS-
CoV (betacoronavirus) and middle eastern respiratory synd-
rome-CoV (MERS-CoV, betacoronavirus)(11). Among these, 
SARS-CoV and MERS-CoV are known to cause critical respi-
ratory failure (6,12). Additionally, it is now acknowledged that 
SARS-CoV-2 is a life-threatening cause of pneumonia with the 

common features of the binding receptor and pathological 
and epidemiological findings (1,13,14). Although COVID-19 
is mainly a disease of the respiratory system, enteric invol-
vement, neurologic and ocular manifestations of SARS-CoV-2 
have also been shown (5,15,16). Conjunctivitis with hypere-
mia, chemosis, and epiphora have been seen in up to 30% of 
COVID-19 patients (5,13). COVID – 19 induced bilateral optic 
neuropathy and COVID – 19 associated retinopathy are also 
described in the literature (8,9). In the light of this knowled-
ge, we investigated the posterior segment involvement of the 
COVID – 19.

Recently, Marinho et al. presented a report that revealed 
HR lesions in the retina of 12 COVID-19 patients, especially 
in the papillomacular bundle and at the level of ganglion cells 
and inner plexiform layers. This report was the first to show 
the posterior segment/retinal involvement of SARS-CoV-2. 
Four of the patients in that report also had subtle cotton wool 
spots and microhemorrhages along the retinal arcade. All the 
patients had the symptoms of fever, asthenia, and dyspnea, 
and 11 also presented with anosmia. The main limitation of 
this study is that no comparison was made with the control 
group. Marinho et al. assumed that the presence of these 
HR lesions were proof of the retinal or a reflection of central 
nervous system (CNS) involvement, however, it is impossible 
to support these assumptions without a control group. In the 
current study including 20 cases, nine patients had similar 
HR lesions, however the same lesions were seen in 8 healt-
hy individuals. Therefore, we agree with the various criticisms 
that have been made of the work of Marinho et al. (17–21) 
In addition to the report of Marinho et al., we also searched 
for associations of the OCT data including RNFL, GCC, and 
macular thicknesses with COVID-19. However, we found no 
significant differences in any of these parameters. Gündoğan 
et al.(22) also investigated the posterior segment involvement 
of the COVID–19 and concluded the same with our study. 
However, Pereira et al.(23) reported cotton wool spots and 
flame-shaped hemorrhages on the retina of the COVID–19 
patients. They investigated the posterior segments of the hos-
pitalized severe patients and this could be the reason for the 
inconsistency.    

It is believed that SARS-CoV and MERS-CoV are not always 
confined to the respiratory tract, and neurological signs, such 
as headache, nausea, and vomiting suggest the CNS invol-
vement of these viruses (3,4). Furthermore, the neurological 
invasion of SARS-CoV has been shown in both patients and 
experimental animals (24–26). The high similarity between 
SARS-CoV and SARS-CoV-2 leads to the idea that the same 
neurological concerns may be valid for SARS-CoV-2, thus pla-
ying a role in the respiratory failure of COVID-19 patients (27). 
Lastly, Moriguchi et al (28). reported the first case of menin-
gitis and encephalitis associated with SARS-CoV-2. There are 
also some animal coronaviruses, such as mouse hepatitis vi-
rus (MHV) with both neurological and ocular manifestations. 
MHV is used for the creation of virally induced optic neuritis 
and retinal degeneration models (29–31). MHV has also been 
believed to be one of the etiological factors of multiple scle-
rosis (29). In the light of these investigations and reports, we 
can hypothesize that possible neurological findings may have 
reflections on the posterior segment of the eye, such as the

COVID–19 
Patients,

n = 20, 40 
eyes

Healthy 
Controls,

 n = 20, 40 
eyes

B 95% Wald 
CI

P

Macula, global
(µm ± SD)

263.34 ± 
11.62

264.22 ± 
12.43

-0.874 -10.663 / 
8.915

0.861

Macula, sup. h  
(µm ± SD)

266.57 ± 
14.49

264.55 ± 
12.38

2.019 -9.028 / 
13.065

0.720

Macula, inf. h 
(µm ± SD)

259.71 ± 
11.24

263.93 ± 
13.72

-4.223 -18.973 / 
5.527

0.396

GCC, global 
(µm ± SD)

97.52 ± 
8.03

94.83 ± 
6.01

2.690 -2.721 / 
8.101

0.303

GCC, sup. h 
(µm ± SD)

97.56 ± 
9.92

93.61 ± 
4.83

3.941 -2.331 / 
10.213

0.218

GCC, inf. h 
(µm ± SD)

97.52 ± 
8.18

96.81 
±8.89

0.712 -2.440 / 
8.863

0.265

Table III. Macular and GCC thickness values of the partici-
pants and the results of GEE analyses

GCC; ganglion cell complex, GEE; generalized estimating equations, B; coefficient, CI; 
confidence interval, sup; superior, h; hemisphere, inf; inferior.
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swelling of the optic nerve head and RNFL. In our investi-
gations, with such a small sample size, we found no signs of 
retinal or CNS involvement. Further experimental studies are 
needed to verify or reject this hypothesis.  

The small sample size is the main limitation of this study, 
which did not allow us to analyze the effect of treatment stra-
tegies on the retina. Secondly, due to the study’s cross-secti-
onal design, it is almost impossible to draw definite conclusi-
ons. Another limitation was we could not use any additional 
imaging techniques due to pandemic reasons such as color 
fundus photography or fluorescein angiography which could 
give us more information about the posterior segment. And 
lastly, we also did not search for the associations with serum 
inflammation biomarkers which could give us more informati-
on about the disease severity. 

CONCLUSION

In conclusion, the hyper-reflective lesions which were seen 
in the OCT images could only be retinal vessels tangential cuts 
seen in OCT B-Scans. On the other hand, COVID-19 is caused 
by a virus that is not yet fully understood. Including our study, 
there are not enough data to assume that the SARS-CoV-2 
could affect the posterior segment of the eye, therefore, physi-
cians should be aware of neurological and ocular manifestati-
ons of this disease. Future follow-up and experimental studies 
are needed to provide an understanding of the true nature of 
this disease.
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