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Abstract

Purpose To demonstrate the effects of the disease on the corneal endothelium in individuals recovering from COVID-19
through specular microscopy.

Methods Eighty individuals recovering from COVID-19 (group 1) and 72 healthy controls (group 2) were included in this
prospective study. After examining visual acuity, refractive defect detection, anterior and posterior segment examinations,
and specular microscopy measurements were calculated from images with at least 100 cells. The mean cell density (CD),
mean coefficient of variation (CV), mean hexagonal cell percentage, mean cell area (AVG), and central corneal thickness
(CCT) were evaluated.

Results The mean time from diagnosis of the disease in group 1 was 54.25 +6.36 days. The mean time elapsed since the
PCR test became negative was 38.45 +6.87 days. Only four were treated in the hospital. Specular microscopy data showed
that the CD was 2713.56 +246.25 and 2845.80+299.27 in groups 1 and 2, respectively (p=0.003). The CV values were
42.92+6.79 and 40.16 +5.97, respectively (p=0.009). The hexagonality were 46.51 +7.35 and 49.12 +6.87, respectively
(p=0.024). The AVG was 371.60+34.64 and 353.16 +35.29, respectively (p =0.007). The CCT values were 553.00+73.2,
and 526.84 +33.57, respectively (p =0.005).

Conclusion A decrease in the number of endothelial cells and hexagonal cells (polymorphism) as well as an increase in
the cell area change coefficient (polymegatism) and the average cell area were observed from corneal specular microscopic
examination of individuals recovering from COVID-19 in the early period of the disease. These results may be important in
understanding the systemic effects of the disease.
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Key messages

What was known before

It has been reported that SARS-CoV-2 infiltrates human cells through the angiotensin converting enzyme-2
(ACE-2) receptor, and these receptors are known to be expressed in eye tissues such as the cornea and
conjunctival epithelial cells. In addition, previous studies have reported that viral RNA was detected in tears and
retinal biopsies of COVID-19 patients. In the examination performed in postmortem cornea donors, the presence
of SARS-CoV-2 RNA and envelope and spike proteins in the corneas of patients with COVID-19 was observed.
In this study, the highest prevalence of SARS-CoV-2 RNA was reported on the posterior corneal (endothelial)
surface (25%).

What this study adds

In this study, a decrease in the number of endothelial cells and hexagonal cells (polymorphism) and an increase in
the cell area change coefficient (polymegatism) and in the average cell area were observed in corneal specular
microscopic examination in the early period during recovery from COVID-19.

As far as we know, this is the first study that investigates the effects of the disease on the corneal endothelium

using specular microscopy in individuals recovering from COVID-19.

Introduction

The corneal endothelial cells, which are made of single-lay-
ered, flat, polygonal cells, keep the hydration of the stroma
layer at a certain level with their active Na+ -K + pump
feature, and thus play an extremely important function in
providing corneal transparency [1]. The corneal endothe-
lial cell density decreases with an annual average decline
of 0.3-0.5% as age progresses, and has been noted to eb
2000-2500 cells/mm? in healthy adults [2, 3].

Despite not having the ability to undergo mitosis,
corneal endothelial cells have important roles in provid-
ing and maintaining the transparency of the cornea both
mechanically and by pump mechanisms. Repair of damage
to corneal endothelial cells occurs by expansion, migration,
and amitotic nucleus division of the remaining endothe-
lial cells. As a result, in cases where endothelial damage
occurs, the density and the hexagonality of these cells
decreases, with a corresponding proportional increase in
the average cell area. Therefore, parameters such as the
number, pleomorphism, and hexagonality of these cells
are used to evaluate the functional capacity of endothe-
lial cells [4, 5]. Qualitative and quantitative analysis of
the corneal endothelium can be performed with a specular
microscope that shifts a slit light onto the corneal tissue
surface and collects the reflected light on a film plane. The
mean endothelial cell density (CD, cell/mm?), mean cell
area (AVG, pmz), coefficient of variation of cell area (CV,
%), percentage of hexagonality (%), and central corneal
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thickness (CCT, pm) are measured by specular microscopy
[4, 6].

Various viruses such as herpes simplex virus (HSV), vari-
cella zoster virus (VZV), cytomegalovirus (CMV), and para-
myxo virus have been reported to cause corneal endothelitis,
which can cause irreversible corneal endothelial cell damage
and endothelial dysfunction [6-8].

Documenting any changes in COVID-19 is crucial as
it causes the pandemic and affects millions of people. The
main ocular finding in patients with COVID 19 so far is viral
conjunctivitis. In addition, previous studies have reported
that viral RNA was detected in the tears and retinal biop-
sies of COVID-19 patients [9-11]. It has been reported that
SARS-CoV-2 infiltrates human cells through the angiotensin
converting enzyme-2 (ACE-2) receptor, which are relatively
highly expressed in eye tissues such as the cornea and con-
junctival epithelial cells [12—14]. Therefore, it is important
to find out whether the disease has possible effects on the
corneal endothelium, which may cause unusual visual com-
plaints / symptoms in people with COVID 19.

The aim of this study was to compare the effects of the
disease using specular microscopy on the corneal endothe-
lium in individuals recovering from COVID-19 with healthy
controls who are matched for age and sex.
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Fig. 1 Specular microscopic findings of a an individual recovering from COVID-19, b a control subject are seen

Method
Study design and subject

This prospective study included 80 patients who recovered
from COVID-19 and 72 healthy controls of similar age and
sex. We obtained approval from the Ministry of Health and
the Dicle University School of Medicine ethics committee
for the study. All study participants gave written consent
before the measurement, and the study was carried out
according to the Declaration of Helsinki.

Corrected visual acuity determinations, anterior segment,
and posterior segment examinations were performed in all
subjects included in the study. After specular microscopy
measurements were calculated on images with at least 100
cells, corneal endothelial cell number, cell area variation
coefficient, and hexagonal cell percentage were determined
and evaluated. The study group consisted of people who

had COVID 19 and recovered from this disease for at least a
month. The control group consisted of people who applied
to the ophthalmology clinic for routine examination and had
normal eye examination and no history of systemic disease.
In both groups, previous ocular surgery, spherical equivalent
to two diopters, ocular disease (glaucoma, uveitis, amblyo-
pia, strabismus, dry eye, keratoconus, corneal opacity), those
using topical ophthalmic drops, and patients with systemic
diseases other than COVID 19, were excluded from the
study.

Specular microscopic measurement

A trained technician masked to the participant group took
three images from the central cornea using a non-contact
specular microscope to evaluate the corneal endothe-
lium. With the automatic mode of the software program,
the image with at least 100 adjacent cells and the image
in which the cell borders can be clearly identified was

Table 1 Demographic and

clinical characteristics of the
subjects included in the study

Characteristics Patients recovering from Healthy control Significance
COVID-19 (N=280) (N=72) (p value)
Age (years, mean +SD) 36.37+7.70 34.66+5.89 0.125
Sex, n (%)
Female 44 (55.0) 37 (51.4) 0.65
Male 36 (45.0) 35 (48.6)
BCVA 0.97+0.05 0.98+0.04 0.523
Time elapsed since the diag- 54.25+6.36 - -
nosis of the disease (days,
mean + SD)
Time elapsed since the PCR 38.45+6.87 - -

test was negative (days,
mean + SD)

BCVA, best-corrected visual acuity
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Table 2 Specular microscopic findings of the subjects included in the
study

CD (cells/mm?) 2713.56+246.25 2845.80+299.27  0.003
CV (%) 42.92+6.79 40.16+5.97 0.009
Hexagonality (%) 46.51+7.25 49.12+6.87 0.024
AVG (um?) 371.60+34.64 353.16+35.29 0.001
CCT (pm) 553.00+73.29 526.84+33.57 0.005

CD, mean cell density; CV, mean coefficient of variation; Hexagonal-
ity, mean hexagonal cell percentage; AVG, mean cell area; CCT, cen-
tral corneal thickness. Bold values indicate statistical significance

selected from the three images obtained from the cen-
tral cornea. By specular microscopy (Konan Medical
Inc., Japan), the CD (cell/mmz), CV (polymegatism, %),
hexagonality (polymorphism, %), AVG (um?/cell), and
mean value of CCT (pm) were determined. Each meas-
urement was calculated from images with at least 100
cells (Fig. 1).

Statistical analysis

SPSS 26.0 version (Chicago, IL, USA) was used for all sta-
tistical analysis. Demographic data were calculated using
descriptive statistics. Mean and standard deviations were
used to describe the data. After all measurements were
entered into the program, a normality test was applied. Stu-
dent z-test was used to compare the continuous variables
of the two groups according to the normality test’s result.
Comparison of categorical variables was made using the
chi-square test. Pearson’s correlation analysis was used for
analysis of the correlation.

Results

The mean time since the diagnosis of the disease in group
1 subjects was 54.25 +6.36 days, the mean time elapsed
since the negative PCR test was 38.45 +6.87 days, and only
four of the patients in group 1 were treated in the hospital
(Table 1).

Specular microscopy data showed that the CD was
2713.56 +246.25 in group 1 and 2845.80+299.27 in
group 2 (p=0.003). The CV values were 42.92 +6.79 and
40.16 +5.97 in groups 1 and 2, respectively (p =0.009).
The hexagonality of the groups were 46.51 +7.25 and
49.12 +£6.87, respectively (p =0.024). Similarly, the AVG
was calculated as 371.60 + 34.64 and 353.16 +35.29,
respectively (p =0.007). In addition, the CCT values of
the groups were determined to be 553.00 +73.29 and
526.84 +33.57, respectively (p =0.005; Table 2).
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Discussion

This study aimed to compare the effects of COVID-19 on
the corneal endothelium with those in normal individuals
matched in terms of age and gender using specular micros-
copy in the early period during recovery from the disease.
The corneal specular microscopic examination showed a
decrease in the number of endothelial and hexagonal cells
(polymorphism) and an increase in the cell area change
coefficient (polymegatism) and in the average cell area.
In addition, while COVID-19 patients had a lower ECD,
it was found that their endothelial parameters remained
within the clinically normal range.

The most important function of corneal endothelial
cells is to provide corneal transparency, which may be
affected by advanced age, previous intraocular surgery,
and some systemic diseases [15—17]. Since corneal
endothelial cells do not have sufficient mitotic ability to
effectively replace cell loss caused by damage, the repair
process occurs with the expansion and migration of the
remaining cells and division of the amitotic nucleus. As a
result, the CD decreases, the average cell area increases,
and the hexagonal cell pattern is disrupted [4, 5].

Although the potential transmission of SARS-CoV-2
from the ocular surface is thought to be important, the
route of virus transmission to the ocular tissue remains
controversial as the presence of SARS-CoV-2 RNA in
blood samples has been demonstrated [18, 19].

CCT measurement can be used to evaluate corneal
endothelial function. It has been reported that CCT may
increase due to the decrease in the endothelial cell den-
sity and the temporary functional failure of the endothe-
lial Na+ /K +—ATPase pump which may develop due to
increased intraocular pressure and inflammation [20, 21]
In COVID-19, organs expressing ACE-2 reportedly
develop an insufficient adaptive immune response during
the early stages of viral replication and an excessive innate
immune response during the later stages. Additionally, in
a corneal transplant patient, COVID-19 may disrupt the
balance of immunoregulatory responses that allow the
graft to survive by allowing antigen-presenting cells to
access the protected graft sites with a proinflammatory
effect [22]. The results of these studies above suggest that
the higher CCT we observed in the COVID-19 group in
our study may have been caused by the endothelial cell
function impaired by the immune dysregulation and pro-
inflammatory effect that developed in these patients [23].

Consistent with the results of our study, in a study in
which patients diagnosed with corneal endothelitis by PCR
and positive for CMV, HSV, VZV were examined using
corneal in vivo confocal microscopy, while it was reported
that the endothelial cell density was significantly lower,
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basal epithelial cells were and anterior keratocyte densities
were reported to be significantly higher and corneal edema
was present in all patients [23].

In the examination performed on postmortem cornea
donors, the presence of SARS-CoV-2 RNA and envelope
and spike proteins were found in the corneas of COVID-
positive patients and asymptomatic patients as 11% and 15%,
respectively. In this study, the highest prevalence of SARS-
CoV-2 RNA was reported on the posterior corneal (endothe-
lial) surface (25%) [24]. Previous studies have considered
that the tear film, which contains molecules with higher
antimicrobial activity such as lactoferrin, may result in the
prevention of SARS-CoV-2 from binding to ACE-2 recep-
tors on the anterior cornea and conjunctival surfaces [18].
The results of this study may explain the findings of our cur-
rent study, in which we detected a decrease in the number of
endothelial and hexagonal cells (polymorphism), an increase
in the cell area change coefficient (polymegatism) and mean
cell area. These findings may be the result of the early effects
of COVID-19 on the corneal endothelium.

The limitations of this study include the cross-sectional
nature of the study conducted in a single center on a rela-
tively small number of participants. Although no participant
in the control group had symptoms, signs and history of con-
tact with a patient with COVID-19, the possibility of some
of the control participants to have asymptomatic COVID-19
cases in this study can be considered as another limitation.
Meanwhile, the potentially valuable aspect of this study is
that this is the first study to report the effects of COVID-19
on the corneal endothelium using specular microscopy in
individuals recovering from the disease as far as we know.

In conclusion, a decrease in the number of endothelial and
hexagonal cells (polymorphism) and an increase in the cell
area change coefficient (polymegatism) and average cell area
were observed in corneal specular microscopic examination
in individuals recovering from COVID-19 during the early
period of recovery. The findings of our study may be due to
either an insufficient response or impaired immunoregula-
tory responses to early viral replication in the cornea, which
expresses ACE-2. Future large-scale, multi-center, long-term
studies must further investigate these findings.
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