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The 2019 novel coronavirus disease (COVID-19) 
was declared a global pandemic by the World 
Health Organization (WHO) on March 11, 2020, 
and was officially named severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2).1 While 
SARS-CoV-2 is known to cause substantial 

pulmonary disease, it can also attack other organs 
throughout the body.2

Human-to-human transmission of SARS-CoV-2 
mainly occurs via the inhalation of respiratory 
droplets expelled by an infected individual and by 
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Abstract
Background: The ocular manifestations of the 2019 novel coronavirus disease (COVID-19) vary 
from acute follicular, pseudomembranous, and hemorrhagic conjunctivitis to keratoconjunctivitis 
with subepithelial infiltrates and dendritic lesions. Similar to other respiratory viruses, such as 
adenoviruses, it is thought that COVID-19 may impact the cornea. However, its impact on the 
cornea and anterior segment parameters are currently poorly understood.
Objective: This study aims to assess the corneal endothelial cell morphology and anterior 
segment parameters in patients who have recovered from COVID-19.
Methods: In this cross-sectional study, the COVID-19 group comprised 34 patients who 
had been diagnosed with and recovered from COVID-19, while the control group comprised 
age- and sex-matched individuals without any systemic or ocular diseases. The endothelial 
cell density (ECD), coefficient of variation (CV) of cell area, hexagonal cell percentage (HEX), 
anterior chamber depth (ACD), central corneal thickness (CCT), horizontal anterior chamber 
diameter (HACD), iridocorneal angle (ICA), horizontal visible iris diameter (HVID), pupillary 
diameter (PD), and keratometry values (K1 and K2) were analyzed for each participant. The 
differences in each of these between the groups were analyzed using either an independent 
samples t test or a Mann–Whitney U test based on the normality of the data.
Results: Regarding corneal endothelial cell morphology, the ECDs for the COVID-19 and 
control groups were 2278.50 ± 186.78 cells/mm2 and 2420.15 ± 222.25 cells/mm2, respectively 
(p = 0.002). A significant increase was noted in CV values in the COVID-19 group compared 
with the control group (p < 0.001). The HEX values for the COVID-19 and control groups 
were 56.26 ± 5.75 and 61.50 ± 3.63, respectively (p < 0.001). Regarding the anterior segment 
parameters, no significant differences were observed between the groups (p > 0.05).
Conclusions: It was hypothesized that individuals who had recovered from COVID-19 would 
demonstrate a reduction in their endothelial functional preserves. A decrease in ECD and HEX 
and an increase in CV were observed in the individuals during their early post-recovery period 
from COVID-19.
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direct contact with contaminated surfaces.3 The 
ocular surface may be a transmission source via 
respiratory droplets or aerosolized particles that 
contact the surface epithelium.4

SARS-CoV-2 infects human hosts through the 
angiotensin-converting enzyme II (ACE2) recep-
tor and the transmembrane serine protease 2 
(TMPRSS2).5,6 ACE2 and TMPRSS2 are co-
expressed in the conjunctival, limbal, and corneal 
epithelium as well as in the endothelial cells.7–9 
This co-expression explains the high affinity of 
SARS-CoV-2 for the ocular surface and its pres-
ence in tears.

Observational and experimental studies in animals 
have reported that ocular infections, such as con-
junctivitis, uveitis, retinitis, and optic neuritis, can 
be caused by beta coronaviruses.10 The currently 
available literature regarding ocular manifestations 
in COVID-19 patients in humans is primarily 
based on case reports; there is no other experimen-
tal evidence on these manifestations.11–14 Case 
studies of acute follicular, pseudomembranous, 
and hemorrhagic conjunctivitis and keratocon-
junctivitis with subepithelial infiltrates as the initial 
presentation of symptoms have been reported.11,12 
Similar to adenoviruses, an immune-mediated 
mechanism composed of corneal infiltrates is pre-
sent during COVID-19 infection.15

Studies have reported that COVID-19 patients 
experience dry eyes during their symptomatic 
periods. The instability of the tear film could be 
explained by the activity of the SARS-CoV-2 on 
the ocular surface epithelial cells and glands.16 In 
addition, corneal sensitivity could be decreased 
due to the corneal nerve involvement of 
SARS-CoV-2.15

However, there is limited data regarding retinal 
pathologies in COVID-19 patients, such as reti-
nal hyper-reflective dots, microangiopathy, reti-
nal vein occlusions, and atypical multifocal 
evanescent white dot syndrome.12,14,17 There has 
been only one case report of orbital myositis in a 
COVID-19 patient.18

Due to the expression of ACE2 in neural cells, 
concerns regarding the neuro-invasiveness of 
SARS-CoV-2 have been raised.19 Neuro-
ophthalmological complications, such as optic 
neuropathies, cranial nerve palsies, and visual 
field defects, have been reported in COVID-19 
patients.12,20

Several viruses can impact the cornea, from the 
epithelium through to the endothelium. Like 
other respiratory viruses, such as adenoviruses 
and influenza viruses, SARS-CoV-2 may possess 
ocular tropism.21,22 However, few viruses are 
known to cause corneal endotheliitis.23 In 
response to endothelial stress, corneal endothelial 
cells expand due to limited mitotic capacity. This 
compensatory mechanism results in increased 
cellular pleomorphism and a decreased percent-
age of hexagonal cells (pleomorphism) under 
specular microscopy.

Although the expression of ACE2 has been identi-
fied in corneal endothelial cells, and COVID-19 is 
known to infect humans via ACE2, there have 
been no reports on the corneal endothelial cells in 
COVID-19 under specular microscopy. Therefore, 
the present study was designed to assess the possi-
ble effects of COVID-19 on corneal endothelial 
cells and the anterior segment parameters.

Methods

Study population and design
This cross-sectional study was performed at the 
Department of Ophthalmology, Adıyaman 
University Training and Research Hospital, 
between October 1 and November 31, 2021. The 
study was conducted in accordance with the 
Declaration of Helsinki and was approved by the 
Ethics Committee of the Adıyaman University 
Training and Research Hospital (Approval No: 
2021.10.1). All participants received oral and 
written study-related information, and written 
informed consent was obtained from each partici-
pant prior to their examination.

Patients were diagnosed with COVID-19 using a 
real-time reverse transcriptase-polymerase chain 
reaction (RT-PCR). An assay to detect respira-
tory specimens of SARS-CoV-2 nucleic acid was 
included. The examinations were performed at 
least 1 month after the patient returned a negative 
RT-PCR result. The mean time interval between 
the return of a negative RT-PCR test and patient 
examination was 38.35 ± 3.90 days (32–45).

The COVID-19 group consisted of individuals 
who had recovered from COVID-19 at least 30 
days prior to examination. The control patients 
had to meet certain criteria: a normal eye exami-
nation, no history of systemic disease, and a nega-
tive RT-PCR test result.
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In addition, several exclusion criteria were applied 
to both the COVID-19 and control groups. 
Individuals who had myopic, hypermetropic, or 
astigmatic refractive errors greater than 1.0 D; 
used contact lenses, had corneal abnormalities, 
strabismus, amblyopia, uveitis, or a chronic dis-
ease, or had a history of glaucoma, ocular surgery, 
or ocular trauma were excluded from the study. 
Based on these criteria, six patients with media 
opacities that limited examination were excluded. 
Low-quality images due to poor compliance were 
also excluded (Figure 1).

Ocular examination protocol and 
measurements
All patients underwent a comprehensive ophthal-
mologic examination that included measure-
ments of best-corrected visual acuity (BCVA) 
and intraocular pressure (IOP) (via non-contact 
tonometer), along with slit-lamp biomicroscopy 
and fundus evaluation.

Corneal endothelial cell measurements were 
obtained using the Nidek CEM-530 non-contact 
specular microscope (NIDEK Co., Ltd., Japan), 
which captures images of the endothelium 
depending on the corneal reflex. The measure-
ments taken were endothelial cell density (ECD; 
cell/mm2), coefficient of variation (CV) of cell 
area, the percentage of hexagonal cells (HEX), 
and central corneal thickness (CCT). 
Measurements were taken when the reference 
line and circle were observed to be sharp on the 
screen. Each participant had three images taken 
via specular microscopy. Measurements were 

taken from one image that displayed at least 100 
cells with clear borders.

Anterior segment measurements were taken using 
the Sirius anterior segment analyzer system 
(Costruzione Strumenti Oftalmici, Florence, 
Italy), according to the manufacturer’s guide-
lines. The CSO Sirius Topographer® combines 
two monochromatic 360° rotating Scheimpflug 
cameras with Placido disk topography, enabling 
25 radial sections of the cornea and anterior 
chamber to be obtained in seconds. The system 
acquires keratometry measurements on a 3.0 mm 
diameter field of the central cornea.24 The images 
were obtained using the automatic mode.

Several parameters were evaluated using the 
Sirius topography system: anterior chamber depth 
(ACD), horizontal anterior chamber diameter 
(HACD), iridocorneal angle (ICA), horizontal 
visible iris diameter (HVID), pupillary diameter 
(PD), and keratometry values (K1 and K2). The 
images with the best alignment and fixation were 
chosen for statistical analysis.

Measurements were taken consecutively in a ran-
dom order. During each session, the examiner, 
who was masked, took each measurement three 
consecutive times, with a 5-min interval between 
each measurement. All measurements were per-
formed under standard dim light conditions, 
without dilatation, and at the same time of the 
day (between 2 p.m. and 5 p.m.) to minimize 
diurnal corneal hydration variations. Before each 
measurement was taken, patients were instructed 
to blink completely to keep their eyes moist. The 

Figure 1.  Flowchart for distribution of participants.
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participants’ eyes were aligned along the visual 
axis using a central fixation light. Measurements 
were only taken from the right eye of each 
participant.

Statistical analysis
The statistical analysis was conducted using the 
SPSS software (version 22; SPSS Inc., Chicago, 
IL, USA). Descriptive statistics were presented as 
mean ± standard deviations. The normality of the 
data was confirmed using the Shapiro–Wilk test 
(α = 0.05). Categorical data were compared using 
the chi-square test. For comparison of the test 
parameters between groups, an independent sam-
ples t test or Mann–Whitney U test was used 
based on the normality of data. A p value of less 
than 0.05 was considered statistically significant.

Results
A total of 68 patients participated in the study; 34 
patients (18 females and 16 males) comprised the 
COVID-19 group, and 34 age- and sex-matched 
healthy individuals (16 females and 18 males) 
comprised the control group. The demographic 
and ocular characteristics of both groups are dis-
played in Table 1. No significant difference was 
found in the mean age, sex distribution, mean 
BCVA, or intraocular pressure (IOP) between the 
groups (p > 0.05).

The corneal endothelial cell morphology and 
anterior segment parameters of the participants 
are summarized in Table 2. Regarding the corneal 
endothelial cell morphology, the ECD in the 
COVID-19 and control groups was 2278.50 ±  
186.78 cells/mm2 and 2420.15 ± 222.25 cells/
mm2, respectively (p = 0.002). A significant 

increase was observed in the CV values of the 
COVID-19 group compared with the control 
group (p < 0.001). The HEX values were 
56.26 ± 5.75 and 61.50 ± 3.63, respectively 
(p < 0.001; Figure 2).

ACD, HACD, and CCT values were higher in 
the COVID-19 compared with the control group; 
however, the differences were statistically insig-
nificant (p > 0.05). In terms of topographic meas-
urements, all anterior segment parameters showed 
no significant difference between the groups 
(p > 0.05).

Discussion
The findings in a cohort of COVID-19 patients 
during their early post-recovery period (40 days 
after a negative RT-PCR) revealed a reduction in 
their endothelial functional preserves. A decrease 
in both ECD and HEX (pleomorphism) and an 
increase in CV (polymegatism) were observed in 
these patients’ corneal endothelial cell morpholo-
gies under specular microscopy. Despite this 
decrease, both the ECD and HEX parameters 
were within the clinically normal range for both 
groups. However, CV was above the upper clini-
cal parameter (0.40) in the COVID-19 group.

A wide range of ocular manifestations, including 
conjunctivitis, keratoconjunctivitis, dry eyes, reti-
nal hyper-reflective dots, microangiopathy, reti-
nal vein occlusions, atypical multifocal evanescent 
white dot syndrome, optic neuropathies, cranial 
nerve palsies, and orbital myositis, have been 
reported as case reports or case series in COVID-
19 patients.11–14,17,18,20 However, whether these 
ocular manifestations occur as a result of the 
infection or its treatment has not yet been 
ascertained.

In addition to the main transmission routes for 
COVID-19, significant concern has been raised 
regarding potential ocular transmission.25 While 
contaminated droplets and body fluids can easily 
infect the human conjunctival epithelium, it is 
unclear whether conjunctivitis associated with 
COVID-19 occurs due to primary ocular infec-
tion or the retrograde migration of viral particles 
from the upper respiratory tract through the 
nasolacrimal duct.26 While some factors related to 
ocular infection of SARS-CoV-2 are still debated, 
the presence of certain receptors in the corneal 
endothelium of the eye means there is the poten-
tial for the virus to use the eye as a reservoir or as 

Table 1.  Demographic and ocular characteristics of the groups.

Covid-19 group
(n = 34)

Control group
(n = 34)

p

Mean age (years) 50.1 ± 14.4 48.7 ± 9.1 0.625a

Female/male 18/16 16/18 0.628b

BVCA (LogMAR) 0.17 ± 0.1 0.14 ± 0.2 0.782a

IOP (mmHg) 15.4 ± 2.8 15.7 ± 2.3 0.896a

BCVA, best corrected visual acuity; IOP, intraocular pressure.
aStudent t test.
bChi-square test.
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a connection to extraocular tissues, leading to 
clinical infection.21

ACE2 and TMPRSS2 receptors are essential for 
COVID-19 infection, as they facilitate SARS-
CoV-2 entry into host cells.7,8 ACE2 and 
TMPRSS2 have been found in post-mortem 
human eye specimens, particularly in the superfi-
cial conjunctival and corneal epithelial surfaces.27 
Furthermore, the expression of ACE2 and 
TMPRSS2 receptors in the corneal endothelium 
has been demonstrated in both donor corneas 
and in human corneal epithelia obtained during 
refractive surgery.9,27

Previous reports have documented the features of 
ocular surface involvement in COVID-19 
patients, including bulbar conjunctiva hyperemia 
(alone or in association with chemosis), the folli-
cular reaction of the palpebral conjunctiva, watery 
discharge, epiphora, mild eyelid edema, photo-
phobia, burning eye, and foreign body sensa-
tion.12,16 Meduri et al.16 found that ocular 
symptoms worsened following the onset of 
COVID-19 due to alterations of the tear film. 
Similarly, Freni et al.19 found that 72% of 

COVID-19 patients presented with dry eyes and 
displayed altered Schirmer tests and hypothesized 
that dry eyes were potentially related to the neu-
rotropism of the virus.

SARS-CoV-2 can survive and replicate in the 
conjunctiva, even in the absence of ocular dis-
ease, and there may be viral shedding in asympto-
matic patients.28 Conjunctivitis has been 
diagnosed in numerous COVID-19 cases and, 
therefore, could be an early clinical feature of 
COVID-19.4

Ma et al.29 demonstrated that SARS-CoV-2 infec-
tion has a higher affinity for the cornea compared 
with the conjunctiva. Despite this, the risk of 
COVID-19 transmission via corneal transplant is 
thought to be low, even in donors with COVID-
19 viremia. Further fundamental studies are 
needed to inform evidence-based recommenda-
tions for donor selection.30 The risk of viral trans-
mission via corneal transplantation should be 
considered, even if the risk is low.

Cheema et al.13 demonstrated corneal involve-
ment, specifically pseudodendritis and 

Table 2.  Comparison of endothelial morphology and anterior segment parameters between the groups.

Covid-19 group
(n = 34)

Control group
(n = 34)

p

ECD (cell/mm2) 2278.50 ± 186.78 2420.15 ± 222.25 0.002a

CV (%) 40.31 ± 6.42 27.87 ± 4.54 <0.001a

HEX (%) 56.26 ± 5.75 61.50 ± 3.63 <0.001b

CCT (μm) 525.03 ± 40.02 517.82 ± 31.17 0.387a

ACD (mm) 3.27 ± 0.40 3.18 ± 0.22 0.232b

HACD (mm) 11.93 ± 0.65 11.80 ± 0.36 0.294a

ICA (degrees) 38.14 ± 7.33 39.02 ± 4.10 0.573b

HVID (mm) 12.86 ± 0.51 12.80 ± 0.40 0.560a

PD (mm) 3.32 ± 0.72 3.52 ± 0.87 0.303b

K1 (D) 47.89 ± 2.19 48.45 ± 1.71 0.242a

K2 (D) 48.71 ± 2.36 49.07 ± 1.71 0.470a

ACD, anterior chamber depth; CCT, central corneal thickness; CV, coefficient of variation of cell area; ECD, endothelial  
cell density; HACD, horizontal anterior chamber diameter; HEX, the percentage of hexagonal cells; HVID, horizontal  
visible iris diameter; ICA, iridocorneal angle; K, keratometry value; PD, pupillary diameter.
aStudent t test.
bMann–Whitney U test.
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subepithelial infiltrates, in a COVID-19 patient 
whose only clinical feature was keratoconjunctivi-
tis. Similarly, Mangan et al.15 presented in vivo 
confocal microscopy findings of unilateral subepi-
thelial stromal opacities following conjunctivitis 
in a COVID-19 patient. The use of confocal 
microscopy revealed irregular corneal epithelial 
cells with bright borders, activated dendritic cells 
in the subbasal epithelial area, a notable reduc-
tion in the subbasal corneal nerve plexus, and 
clusters of reflective cells in the anterior stroma. 
However, the corneal endothelial cell layer was 
observed to be normal. This study highlighted 
that corneal infiltrates may be associated with an 
immune-mediated mechanism during COVID-
19 infection. In addition, corneal sensitivity may 
be decreased as a result of corneal nerve involve-
ment during SARS-CoV-2 infection.15 However, 
there is limited available data in the literature cur-
rently regarding corneal findings in patients with 
COVID-19.

Many types of viral pathogens, which produce the 
same effects under specular microscopy, induce 

corneal endothelial dysfunction. Consistent with 
the results of the current study, this dysfunction 
has previously been attributed to immune dys-
regulation and proinflammatory effects.23,31 
SARS-CoV-2 infection may impair the nutrition 
of the cornea endothelium, which receives nour-
ishment from tears and aqueous humor.

Although human corneal endothelial cells are 
derived from the neural crest, they have limited 
regenerative capacity due to G1 phase arrest.32 
Therefore, corneal endothelial cells are suscepti-
ble to damage. Damage to these cells results in a 
loss of transparency and visual impairment. In 
response to damage, remaining corneal endothe-
lial cells enlarge and the amitotic nucleuses split. 
This damage can be visualized under specular 
microscopy as decreased ECD, with features of 
pleomorphism (HEX being less than 50%) and 
polymegethism (CV over 0.40).

Polymegethism is the first marker of endothelial 
dysfunction; it reflects physiological stress to the 
corneal endothelium and an overactive wound 

Figure 2.  Box plots showing corneal endothelial cell morphology differences under specular microscopy (ECD, CV, HEX, and CCT) 
between the control and COVID-19 groups. A reduction in endothelial functional preserves is seen in the COVID-19 group, with a 
decrease in both ECD and HEX and an increase in CV (p < 0.05). No significant difference was found in CCT between the groups 
(p > 0.05). Error bars represent a 95% confidence interval. Outliers are identified with a small circle for minor outlier values and a 
star for extreme outlier values.
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repair mechanism. In the current study, a CV 
above 0.40 was found in the COVID-19 group. 
However, although lower than in the control 
group, ECD and HEX in the COVID-19 group 
remained within the normal range. Lower ECD 
and the temporary dysfunction of Na+/K+–
ATPase pump may result in a higher CCT.33

The current study also revealed higher ACD and 
HACD values in the COVID-19 group compared 
with the control group. However, the difference 
between anterior segment topography parameters 
was not significant between the groups. Therefore, 
there may be limited changes in the anterior 
chamber through the disruption of metabolic bal-
ance in patients with COVID-19.

The human ocular globe has its own intraocular 
renin-angiotensin system, both on the ocular sur-
face and inside the eye (trabecular meshwork, 
aqueous humor, iris, ciliary body, non-pigmented 
ciliary epithelium, and retina).34 One possible 
reason for this is that the adjacent structures may 
have been affected by COVID-19 infection due 
to the presence of receptors in the anterior 
chamber.

The current study investigated the impact of 
COVID-19 on corneal endothelial cell morphol-
ogy, which had not yet been investigated in the 
existing literature, and demonstrated compara-
tive data during the early post-recovery period of 
COVID-19 infection. Further studies on this 
impact will help confirm the significance of the 
current results.

There are some limitations to the current study. 
Alongside a relatively small sample size, a causal 
relationship between COVID-19 and corneal 
endothelial or anterior segment changes could 
not be inferred due to the study’s cross-sectional 
nature. Large population-based cohort studies 
from multiple centers will be required to confirm 
the presence of a causal relationship. Another 
limitation is the possibility that some control par-
ticipants may have had previously had COVID-
19 but been asymptomatic and, therefore, not 
have had a PCR test during their infection. In the 
current study, the control group participants dis-
played no symptoms, had no history of contact 
with a PCR-confirmed COVID-19 patient, and 
returned a negative PCR prior to examination, 
meaning they did not have COVID-19 at the time 
of the study. Therefore, it was not confirmed 

whether they had previously, unknowingly, had 
COVID-19, which may have impacted the results.

In addition, the current study only examined the 
early post-recovery phase of COVID-19 patients. 
Therefore, further research is required to explore 
whether these differences progress through the 
middle and late post-recovery phases. The 
strength of the current study is that it is the first to 
quantify the corneal endothelium and anterior 
segment alterations in patients with COVID-19.

In summary, the current study findings revealed 
an insignificant decrease in both ECD and HEX 
and a significant increase in the CV values of 
recovered COVID-19 patients during their early 
post-recovery period. Together, these observa-
tions highlight subtle corneal alterations that the 
ophthalmologist should be cautious. Therefore, 
follow-ups should be arranged for patients with 
COVID-19 to assess their susceptibility to ante-
rior segment pathologies. Further researches are 
required to elucidate the ocular behavior of the 
virus and the clinical significance of the results.
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