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Ophthalmic complaints in face-mask wearing: prevalence, treatment, and
prevention with a potential protective effect against SARS-CoV-2

Evelina Marinova, Dimitar Dabov and Yani Zdravkov

Department of Ophthalmology, Alexandrovska University Hospital, Medical University of Sofia, Sofia, Bulgaria

ABSTRACT:
The global pandemic of severe acute respiratory syndrome, COVID-19 affects the world’s eco-
nomics, social and health systems and has a great impact on every person’s life. In an attempt
to control the spread of the disease, regular usage of face masks became an ordinary routine. A
large proportion of the population is reporting ocular symptoms through the period of mask-
wearing that are still underestimated. Thus the eyes are not only widely exposed to a potential
viral invasion but are also under the influence of an additional irritant factor, the face mask
usage. The results of our pilot study indicate that the presence and severity of the ocular com-
plaints are dependent on the type of mask and the duration of usage. Now, in the COVID-19
outbreak, the protection of the anterior ocular surface is necessary more than ever to contribute
to personal eye health. Based on the concept for the protective role of the tear film and specif-
ically, its lipid layer against the SARS-CoV-2 invasion, all substances sustaining tear film balance
and lipid layer thickness could be beneficial in ensuring the local defense mechanisms. Some
medications approved for the treatment of dry eye symptoms may have a defensive effect
against the viral invasion, which should be additionally evaluated. The topical ophthalmic appli-
cation of Cyclosporine A, Chloroquine, Azithromycin, Povidone Iodine, Hypertonic saline drops
might contribute to local protection and ensure high local dose in minimum systemic effects.
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Introduction

On 11th March 2020, WHO declared the severe acute
respiratory syndrome, COVID-19, caused by the new
coronavirus 2019-nCoV (SARS-CoV-2), a global pan-
demic, the greatest in the past hundred years since
the Spanish flu pandemic in 1918–1920 [1]. Until now
the 2019-nCoV virus has infected over 41.9 million
persons with more than 9.6 million active cases and is
responsible for over 1.1 million deaths in 215 coun-
tries and territories [2]. The infection is spreading with
uncontrollable speed and the end of the pandemic is
not coming in the foreseeable future. The predictive
model of the Massachusetts Institute of Technology
(MIT) projects 271 (254–412) million cases in 86
nations by the spring of 2021, and all over the world
the number would be much greater [3]. The COVID
�19 pandemic is a global health problem with an
unpredictable outcome and no proven treatment.
Until the appropriate therapy or vaccine is invented,
only non-pharmaceutical interventions could be
applied to impact that medical disaster. So far the

only measures that have proved to be effective are
social distancing, hygiene and the usage of personal
protective equipment. Relying on the guidance of the
World Health Organisation (WHO), many governments
have already recommended wearing protective face
coverings (scarfs or masks) in public where social dis-
tancing is impossible, in an attempt to slow the
spread of the coronavirus. The healthcare personnel is
obliged to use personal protective equipment includ-
ing masks (surgical, FFP2, FFP3), gloves, face shields,
disposable gowns and goggles, according to the cir-
cumstances and the level of viral exposure to prevent
and control the infection spread and to ensure the
personnel’s and patients’ health [4,5]. Despite the con-
troversial effectiveness of face mask wearing, their
usage in public is mandatory in many countries [6].
Irrespective of the type of face masks, their usage
leads to new complaints, ranging from discomfort to
reactive conditions and provoked disease, which have
to be mentioned and clarified [7,8]. Skin irritations
have already been reported [9] but problems with
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eyes have remained underestimated. Since the begin-
ning of the pandemic there has been a noticeably
great increase in the number of patients complaining
of redness, discomfort, burning, stinging, tearing and
foreign body sensation, irrespective of the major rea-
son for their visit [10]. The magnitude of the problem
is even higher in people who use face masks regularly
and for a long period and are exposed to disinfectant
usage. Disinfectant solutions that evaporate in the air
also impact on the anterior ocular surface and could
cause an allergic reaction, faster evaporation of tears
and even punctate keratitis.

The purpose of this report is to highlight the risk of
ophthalmic complaints in the face mask-wearing, to
discuss some pathogenic mechanisms for their occur-
rence, and to offer therapy and ocular protection with
a potential beneficial effect on the local resistance to
viral invasion. A pilot study was designed to estimate
the prevalence of ocular complaints in face mask-
wearing and their relation with mask type and the
duration of usage.

Subjects and methods

Ethics statement

The study was performed in accordance with the prin-
ciples in the Declaration of Helsinki. All subjects pro-
vided written informed consent.

Subjects

A pilot study including 144 persons, 55.6% women,
N¼ 80 and 44.4% men, N¼ 64, median age of 43 years
(22-79 years), was performed in two medical centers in
Sofia, the capital of Bulgaria. Three groups with an
equal number of attendants were formed, according
to the type of face mask and the duration of daily
usage. The medical personnel of both centers was also
included in the study. All the attendants were asked
to fill in a short questionnaire with information about
the type of mask and the regimen of usage, ocular
and extraocular complaints related to the mask-wear-
ing, medical history, and comorbidities. All patients
underwent a thorough ophthalmic examination
including best-corrected visual acuity, slit-lamp biomi-
croscopy, tonometry, fundoscopy, ocular surface fluor-
escein staining evaluation, Shirmer test and tear break
up time measurement.

Data analysis

The results are presented as absolute values and per-
centages. The groups were compared by using the
Pearson Chi-square test. Differences were considered
statistically significant at p< 0.05 level.

Literature review

A literature survey was performed focused on the ocu-
lar involvement in COVID-19 disease, the mechanisms
of SARS-CoV-2 viral invasion, the proposed therapeutic
approaches for prevention, and local treatment. The
following keywords were used to perform searches in
PubMed, Google Scholar, Scopus, Mendeley,
ScienceDirect, MedRixv and Web of Science: COVID-19,
SARS-CoV-2 transmission, COVID-19 ocular manifest-
ation, face mask wearing, dysfunctional tears syn-
drome, dry eye treatment, COVID-19 treatment,
COVID-19 protection.

Results and discussion

A total of 144 persons were included in the pilot
study. Two major groups were formed, by the dur-
ation of daily usage of face masks: regular and occa-
sional mask wearers. The group of regular mask users
(N¼ 96) included persons wearing face masks 6 h/day
or more. It was divided into two subgroups based on
the type of face masks: regular protective mask users
(RPMU), N¼ 48, formed from the medical personnel of
both centers, who usually use surgical masks (and
occasionally wear FFP2, FFP3), and regular ordinary,
non-medical (single- or multi-layer) masks users
(ROMU), N¼ 48. The group of occasional users was
formed by individuals who wear masks incidentally or
for a short period (N¼ 48).

The results were analyzed to evaluate the relation-
ship between clinical symptoms and the period of
mask usage. There was a significant difference in the
prevalence of the symptoms among the three groups.
Persons who wear ordinary, non- medical single- or
multiple-layer masks, usually used by the major part
of the population, reported fewer side effects.

Of all the participants, 90.2% (n¼ 130) reported
some kind of physical and social disturbance, 59.7%
(n¼ 88) reported skin irritations, 82% (n¼ 118) short-
ness of breath with the mask, 10.4% (n¼ 15) com-
plained of a headache at the end of the day. The skin
problems included itching, rash, burning, acne, derma-
titis, intertrigo, impetigo, miliaria, etc. Additional com-
plaints included pain in the zones of contact with a
mask, sweating, irritated and painful skin of the ears,
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blurring of eyeglasses and problems with their pos-
ition, etc. 70.1% (n¼ 101) reported ocular symptoms,
including burning, redness, tearing, foreign body sen-
sation, itching, blurred vision, dry eye feeling and
undefined eye discomfort.

Ocular symptoms, summarized in Table 1, were
reported by the patients for the time of mask using.

The medical personnel complained significantly
more often than the occasional users of masks
(p< 0.01), whilst the difference between regular pro-
tective mask users (RPMU) and regular ordinary mask
users (ROMU) was not always significant (Table 2).

According to Pearson’s Chi-square test, there were
no significant differences between regular ordinary
mask users (ROMU) and occasional users for most of
the symptoms. In the group of regular mask users,
including medical personnel and regular users of
ordinary masks, all of the symptoms appear signifi-
cantly more often than among the occasional users.
There was a positive correlation between the time of
mask usage and the presence and severity of the com-
plaints (Spearman’s Correlation coefficient q¼ 0.437,
p< 0.001). The incidence of all complaints was higher
among the regular users of protective masks.
Healthcare personnel had the highest prevalence of
ocular complaints with the most severe clinical picture
related to the necessity of prolonged usage of protect-
ive equipment. The clinical findings included conjunc-
tival congestion, inflammation, superficial punctate
corneal erosions, shortened tear break up time and
Shirmer test. The usage of the N95 respirators was
related to rarer ocular complaints but skin problems
were often found. Subjective and clinical symptoms
were more frequent and more severe in persons who
wear eyeglasses. Milder complaints were estimated
among persons who wear ordinary masks but these
masks provide the weakest level of protection. A
recent report showed a general increase in the num-
ber of persons (patients and personnel) that complain
of ocular irritation and dry eye disease since it became

an ordinary routine to wear protective masks [10]
Among the participants in our study, 8.3% of regular
users of ordinary (cloth, fabric) face masks, 20.8% of
healthcare workers and 4.17% of occasional users
reported that they had started using lubricating eye
drops and had felt diminishing of their complaints.

Mechanisms leading to ocular damage in face
mask-wearing

Different mechanisms lead to ocular complications in
face mask usage. The major factor is the outflow of
exhaled air, with a temperature around 36-37 �C, pass-
ing over the upper border of the face mask to the
ocular surface. This direct hot airflow leads to instabil-
ity, increased evaporation, hyperosmolarity, and a
decline in tear film turnover and clearance and results
in ocular damage and dry eye symptoms. The severity
of the symptoms correlates with the tear lipid layer
thickness [11]. In cases with the additional use of a
face shield, the temperature is even higher and the
stream of fresh air diminished, which aggravates the
complaints. The effect resembles the desiccating envir-
onmental conditions with increased airflow, which is
proved to increase the incidence of dry eye disease
and worsen its symptoms [12,13]. Besides, the exhaled
air has a decreased level of oxygen and an increased
carbon dioxide concentration, which decreases the
tear pH levels and consequently impairs the ocular
surface [14,15]. The increased carbon dioxide concen-
tration reduces the stromal pH [16], which excites the
corneal nociceptors and thus evokes corneal pain sen-
sations [17]. Ocular hypoxia results in excessive pro-
duction of reactive oxygen species that promote
inflammation and neovascularization by the activation
and apoptosis of leucocytes, expression of pro-inflam-
matory factors, including vascular endothelial growth
factor and interleukins by endothelial and epithelial
cells [18–20]. Ocular surface irritation has been
reported in continuous positive airway pressure masks

Table 1. Prevalence of the ophthalmic symptoms in different groups.

Symptoms
Regular users (N¼ 48 in each group) Occasional users

Regular protective mask users (RPMU) Regular ordinary (non-medical) mask users (ROMU) N¼ 48

N % N % N %

Discomfort in the eyes 40 83.3 28 58.3 20 41.2
Redness 38 79.2 25 52.1 16 33.3
Tearing 33 68.8 22 45.8 13 27.1
Burning 27 56.3 18 37.5 11 22.9
Dry eye feeling 25 52.1 16 33.3 8 16.7
Foreign body sensation 21 43.8 14 29.2 7 14.6
Itching 16 33.3 9 18.8 3 6.25
Blurred vision 9 18.8 5 10.4 1 2.1

Note: Regular users: persons wearing face masks 6 h/day or more; RPMU: regular protective (surgical, FFP2, FFP3) mask users; ROMU: regular ordinary,
non- medical mask users; Occasional users: individuals wearing face masks incidentally or for a short period.
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as a result of the leakage of air and regurgitation
through the nasolacrimal ducts [21,22]. The usage of
N95 respirators excludes most of the mechanisms for
mask-induced dysfunctional tear syndrome (DTS)
because of the very tight contact between the mask and
the face. This tight contact prevents the airflow over the
top of the mask. However, in that case, the normal pos-
ition of the palpebrae could be harmed leading to
incomplete blinking and exposure keratopathy. The
usage of protective goggles is related to a higher air
temperature, increased carbon dioxide concentration,
and changes in the palpebral position and movements
resulting in dry eye symptoms [23]. Higher exposure to
disinfectant solutions most of which evaporate in the air,
has an additional influence on the anterior ocular surface
and could provoke either chemical or allergic reactions
and is an additional mechanism for ocular irritations
among medical staff. It has already been discussed that
symptoms of dry eye are more severe and often found
among persons who wear eyeglasses as a result of the
exhaled airflow entrapped between the anterior ocular
surface and posterior surface of the eyeglasses. It has to
be emphasized that tear film deficiency and instability
not only lead to ocular surface symptoms, inflammation
and visual complaints [24,25] but also violate the
defense mechanisms of the anterior ocular surface and
thus make the cornea and conjunctiva more susceptible
to infections.

Ocular manifestations of COVID-19

Ocular manifestations have been registered as an initial
symptom or in the course of COVID-19 and could be
found in mild or severe cases [26–29]. Among them,
conjunctivitis is most often found with prevalence rang-
ing from 0.9 [30] to 31.2% [31,32]. The possibility of
some ocular symptoms in hospitalized patients to
emerge as a result of prolonged mask usage has to be
mentioned. In patients with only mild respiratory symp-
toms, Cheema et al. [33] reported keratoconjunctivitis as
an initial presentation of the disease and Dinkin et al.

[34], two cases of ophthalmoparesis consistent with
abducens nerve palsies, neurological deficits, and abnor-
mal perineural or cranial nerve findings on magnetic res-
onance imaging. Ocular manifestations were also
reported in the middle phase of COVID-19 or after the
occurrence of systemic complaints. Chen et al. [28] repre-
sented a case of a young COVID-19-positive male with
acute bilateral follicular conjunctivitis that developed
13days after the onset of the disease. Navel et al. [35]
described pseudomembranous and hemorrhagic con-
junctivitis 19days after the beginning of symptoms. In
patients with COVID-19, retinal lesions and papillophlebi-
tis were also described [36,37]. Results of murine models
of other coronaviruses suggest the possibility of uveitis,
secondary optic neuritis, viral-induced retinitis, and signs
of neuroretinal degeneration to be found in the long
term [38–40]. Patients with more severe systemic mani-
festations of COVID-19 are reported to have a higher
incidence of ocular symptoms [31]. It is important not to
neglect the possibility of ocular inflammatory events to
be manifestations of the systemic disease or the risk for
ocular symptoms to remain underestimated due to the
major, life-threatening conditions that need intensive
treatment [39]. Several cases of conjunctivitis that
occurred prior to pneumonia in the course of COVID-19,
including a Chinese respiratory specialist who visited
patients in Wuhan, fully gowned with a protective suit
and N95 respirator, focused attention on the eye as a
potential pathway for viral invasion [27, 28]. Besides,
SARS-CoV-2 was detected in conjunctival scrape samples
and tears in a small number of COVID-19 positive
patients without [41] or with symptoms of conjunctivitis
[42–45] and even after the virus was undetectable in
nasal swabs [46]. Colavita et al. [46] reported a case of a
hospitalized patient with SARS-CoV-2 positive conjunc-
tival swabs up to 21days from the onset of the symp-
tom when nasal swabs were negative. Five days later
the virus was undetectable in the conjunctival test and
on day 27 the conjunctival test was positive again. These
findings suggest viral replication in the conjunctiva [46].

Table 2. Results of the comparison between the different groups by Pearson Chi-square test. P-values smaller than 0.05 are con-
sidered significant.
Symptoms RPMU vs. ROMU RPMU vs. Occasional users ROMU vs. Occasional users Regular users (RPMUþ ROMU) vs. Occasional users

p-values
Discomfort in the eyes 0.007 <0.001 0.102 0.001
Redness 0.005 <0.001 0.006 <0.001
Tearing 0.023 <0.001 0.054 <0.001
Burning 0.066 <0.001 0.120 0.005
Dry eye feeling 0.063 <0.001 0.059 0.002
Foreign body sensation 0.138 0.002 0.084 0.006
Itching 0.104 <0.001 0.064 0.005
Blurred vision 0.247 0.008 0.092 0.021

Note: Regular users: persons wearing face masks 6 h/day or more; RPMU: regular protective (surgical, FFP2, FFP3) mask users; ROMU: regular ordinary,
non- medical mask users; Occasional users: individuals wearing face masks incidentally or for a short period..
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Despite the controversy of the findings of SARS-
CoV-2 viral transmission, invasion and COVID-19 clin-
ical characteristics, more detailed information is
urgently needed to prevent the spread of the out-
break. The possibility of an ocular surface to be a tar-
get for viral replication and transmission should not
be excluded and needs to be further explored [47].

SARS-CoV-2 ocular surface interactions

Viruses can enter the eye directly by exhaled air from
respiration, by droplets or aerosols spread by an
infected person while talking, coughing and sneezing,
and by contact with a contaminated surface. The pos-
sibility of viral transmission through contact with
asymptomatic patients has also been suggested [48].
The infection could be also secondarily transmitted by
migration through the nasolacrimal duct from the
upper respiratory tract, or via hematogenous spread in
infection of the lacrimal glands [40,49].

SARS-CoV-2 invades the host cell through binding its
spike (S) protein to the entry receptor, membrane-bound
angiotensin-converting enzyme 2 (ACE2) and in the pres-
ence of the transmembrane protease serine 2 (TMPRSS2)
[26,50], with the number of expressed receptors in the
membranes being limiting for the viral adhesion and
invasion. There is high expression of the ACE2 receptors
in multiple tissues in the human body, including the
nasal mucosa, upper respiratory tract, lungs, kidneys,
conjunctiva and the cornea [51]. The presence of ACE2
and TMPRSS2 was found in the conjunctiva, limbus, cor-
nea, non-pigmented epithelial cells of the ciliary body,
trabecular meshwork, ganglion cells, in the inner nuclear
layer, photoreceptors, and endothelial cells of the retinal
and choroidal vessels. Controversially, the results of
Lange et al. [50] show no expression of the SARS-CoV-2
receptor ACE2 in conjunctival samples. The expression of
ACE2 and TMPRSS2 in the ocular structures suggests the
eye to be an additional portal for viral invasion, a poten-
tial reservoir for the transmission of the infection, and to
be susceptible to SARS-CoV-2 infection with multiple
clinical expressions [52–54]. The ocular tropism of the
virus was also postulated [28].

Ocular surface defense mechanisms

Despite the direct exposure of the eye to potentially
infectious material, with the ocular surface area esti-
mated at 1600-1896 sq. mm/eye with a total of around
10,000 sq.mm including palpebral and brow skin and the
highly expressed conjunctival ACE2 receptors, the inci-
dences of ocular involvement in COVID-19 positive

patients are low [55]. The tear film is supposed to have
a major role in the defense. The tear film covers the ocu-
lar surface, providing an appropriate pH (7.14-7.82),
osmolarity and electrolyte concentration. The secretion
of tears of 2lL/min with a regular turnover of its vol-
ume at a rate of 5.4-20.6% per minute ensures the dilu-
tion of the viral titer and wash-out through the
nasolacrimal duct. Additionally, the tear film resilience
prevents access to the apical corneal and conjunctival
epithelium by viral adherence to the tear film. The tear
film lipid layer is of great importance for the balance of
the anterior ocular surface by protecting against evapor-
ation and spillage of tears [11,56]. The adhesion and cell
entry of coronavirus require the presence of cell mem-
brane cholesterol and lipid rafts but the role of the tear
lipid layer in this process is still unclear. Tear film lipids
could be supposed to prevent the adhesion of the
viruses to their entry receptors providing the same bar-
rier function ensured by the skin surface lipids [21]. On
the other hand, it could be speculated that free choles-
terol in the tear lipid layer, albeit under 0.5%, could
facilitate viral adhesion ensuring the required “lipid rafts”
[44,57]. Synergistically working lactoferrin, lysozyme, lipo-
calin, mucins, IgA and complement in the tear film have
antiviral properties and would inactivate viruses
[55,58,59]. Hence, even if the concept that tear film
could prevent viral adhesion and invasion in conjunctival
and corneal cells is valid, the possibility for viral invasion
trough the ocular structures should not be eliminated.
The anatomical linkage between the eye and the upper
respiratory tract through the nasolacrimal duct, the ocu-
lar–respiratory immune interdependence by the nasola-
crimal lymphoid tissue are additional factors that could
lead to respiratory tract infection [44, 47, 55, 60]. Despite
the concept of potential tropism of the SARS-CoV-2 virus
to the ocular tissues and the theories that the eye is not
only a pathway for viral invasion but also a reservoir of
infection, the low positive test rate in tears and conjunc-
tival secretions from infected patients could be a result
of their relatively low sensitivity [29] and the inappropri-
ate time of sample collection [50]. Other factors that
could also contribute to a low positive test rate are the
dilution of tears by their continuous production, drain-
age through the nasolacrimal duct [61,62] as well as the
presence of lactoferrin in the tear film, which can inhibit
the binding of SARS-CoV to ACE2 receptors [63], and the
IgA antiviral activity [44].

Face masks reduce the number of droplets but in
most cases, some of the exhaled air escapes through
the top of the mask into a person’s eyes and thus
causes increased airflow that results in drying of the
natural tears, irritation and increases oxidative stress.
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The balanced tear film is a major part of the natural
defense mechanism of the eye and its damage
increases the risk of viral invasion. It has been already
mentioned that face mask-wearing leads to eye irrita-
tions and dysfunctional tear syndrome (DTS) [64], and
treatment of ocular complaints is needed to ensure
personal comfort and quality of life. On the other
hand, the discomfort, as a result of mask-wearing,
generates an impulse for touching the eyes and
increases the risk for viral contamination in all groups.
[8] Sustaining the balance, the volume and stability of
the tear film are of great importance to diminish the
risk for a viral invasion through the eyes in the COVID-
19 pandemic. Ophthalmic preparations including artifi-
cial tears, gels, sprays and ointments have been used
for years to treat DTS, and many of them could
enhance the ocular surface protection [65]. In patients
with low tear volume, osmolarity balanced artificial
tears are majorly used, whereas in patients with insuf-
ficient tear lipid layer the liposomal sprays are pre-
ferred [66].

Treatment and prevention of DTS

Artificial tears
Osmolarity balanced artificial tears are used to
increase tear volume in patients with DTS. Products
containing sodium hyaluronate, and carboxymethylcel-
lulose alone or combined with glycerin are effective in
treating dry eye symptoms and for their prevention,
but sodium hyaluronate has faster efficacy [67–71].
Seawater sprays are reported to decrease the level of
pro-inflammatory IL-1-beta IL-6 and could be safely
and effectively used for the treatment of dry eye
symptoms [72].

The usage of artificial tears could be recommended
to patients with DTS and to the general population to
increase tear volume and drainage and thus decrease
potential viral load. Preservative-free formulations
show safety and efficacy and could be applied as fre-
quently as needed [70,73].

Lipid emulsions
Replenishment and stabilization of the lipid layer of the
tear film are the key points for treating DTS and protect-
ing the ocular surface [74,75]. Application of lipid emul-
sion eye products could be the most appropriate
therapy because they increase the lipid layer thickness,
treat and prevent the symptoms of an evaporative dry
eye, and could be used as monotherapy or combined
with other products [76]. They are also reported to show
better effectiveness compared to sodium hyaluronate,

hydroxypropyl methylcellulose and hypromellose in
reducing tear evaporation and treatment of dry eye dis-
ease [71,77,78]. Many anionic emulsions are available
including castor oil eye drops, and carbomer-based lipid
artificial tears and they have been well-tolerated and
effective in treating signs and symptoms of dry eye, add-
itionally showing improvement in meibomian gland
functionality [78–80] Cationic emulsion artificial tears eye
drops resemble normal tear film, restore and ensure ocu-
lar surface homeostasis and are an excellent option for
treatment and prevention of the symptoms of dry eye.
They increase the tear lipid film thickness and stabilize
the aqueous phase of the tears. Additionally, cationic
emulsion artificial tears are reported to have high anti-
inflammatory properties and to improve ocular surface
healing [81–83]. The usage of ointments is also effective
in the treatment and prevention of DTS, but with no
proven influence on the state of the tear lipid layer. The
application of ointments to the lower lid ensures slow
and continuous drug release to the anterior ocular sur-
face [79]. Liposomal sprays are applied onto the close
eyelids and the polar phospholipids migrate to the
anterior ocular surface and improve the tear lipid layer
stability and thickness resulting in diminished tear evap-
oration and less ocular complaints [84]. Liposome based
gel formulations may be beneficial for the treatment
and protection of DTS by providing prolonged contact
time with the anterior ocular surface [85]. Based on the
concept of the protective role of the tear film and specif-
ically, its lipid layer against the SARS-CoV-2 invasion in
the ocular tissues, all ocular substances that ensure tear
film balance and lipid layer thickness could sustain the
local defense mechanisms.

Trehalose is a natural plant-based glucose disacchar-
ide that is known to decrease cell apoptosis and pro-
tect cells from desiccation and oxidative injury, and
thus suppresses inflammation, cicatrization and neo-
vascularization [86,87]. It is an additional substance in
some eye lubricants and is also reported to modulate
autophagy and to have anti-viral properties [88,89].
Eye formulations containing trehalose could be safely
used to protect the ocular surface from the harmful
effects of face mask-wearing, and additionally could
benefit the local defense barrier against viral invasion
of SARS-CoV-2 without side effects.

To the best of our knowledge, the protective role of
tears against SARS-CoV-2 outside the eye is not estab-
lished yet but it could be speculated that if it has a pro-
tective function on the ocular structures, a similar effect
could be expected on the nasolacrimal duct, nasophar-
ynx and upper respiratory tract. Hence, the addition of
ophthalmic preparations that increase the tear lipid layer
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thickness, which supposedly could have a protective role
against SARS-CoV-2 infection, could benefit the local pro-
tection of the nasal mucosa and oropharynx. The usage
of liposomal lid sprays ensures spreading not only on
the anterior ocular surface but also on the palpebral
skin, thus increasing its defense and the spreading of
the emollient on the anterior ocular surface for a longer
period [21,79,90,91].

Only 1% or less of the applied dose of the active
ingredients in topical ophthalmic medications pene-
trate the eye tissues and exert their effect and the rest
is systemically absorbed through the ocular structures,
lacrimal drainage system, nasal mucosa, nasopharynx,
gastrointestinal tract and skin, allowing systemic effect.
Based on these findings, local application on the ocu-
lar surface could be beneficial to ensure contact of the
active substance with those structures. Thus drugs
with serious systemic side effects could be successfully
used on the ocular surface, reaching high local dose
in the nasal mucosa, nasopharynx and upper respira-
tory and gastrointestinal tract [54,92]. Besides, one of
the important mechanisms of intracellular drug deliv-
ery is the absorption of liposomes to the cell mem-
brane. Liposomal preparations are broadly used in
ophthalmology, and such formulations and experience
could be successfully applied as beneficial in the
SARS-CoV-2 defense [54,93]. Many medications that
are used for treatment of dry eye disease are sug-
gested to have activity against SARS-CoV-2, and their
usage in cases with DTS could ensure additional anti-
viral protection. Some of them could be safely used in
cases of COVID-19 with ocular involvement and after
exposure to SARS-CoV-2.

Cyclosporin A is used for years as a second-line
option for therapy of dry eye showing improvement
in the tear secretion, stability, and patients complaints
without serious systemic or local side effects [94–97].
Its delivery, penetration, and bioavailability in ocular
structures significantly increased when the is encapsu-
lated in liposomes [98,99] Additionally Cyclosporin is
found to inhibit the replication of coronaviruses and
one drop of 0.05% cyclosporin is calculated to contain
5 folds the lethal dose to SARS-CoV-1 [100]. Based on
this, cyclosporin eye drops may be safely recom-
mended for prophylaxis and treatment of COVID-19
related eye complaints.

Chloroquine-containing eye products stabilize the
tear film and decrease local inflammation. They are
successfully used for the treatment of dry eye disease
and are reported to be well tolerated and more effect-
ive than artificial tears [101–103]. Besides, chloroquine,
and hydroxychloroquine have been reported to be

effective against various viruses, including coronavi-
ruses [104]. In vitro studies reported that both drugs
inhibit SARS-CoV-2, by changing the glycosylation of
the ACE2 receptor and S protein, blocking the fusion
between the virus and the cell, and by inhibition of
the lysosomal activity by increasing the pH [105].
Hydroxychloroquine shows similar antiviral activity but
with fewer side effects [106,107]. Hydroxychloroquine
has also been shown to have immunomodulatory
activity and was recommended for prophylaxis after
SARS-CoV-2 exposure [104,108]. Both drugs have been
recommended and used for treatment of COVID-19
alone or in combination with azithromycin
[105,109,110]. Recent studies, however, do not prove
the efficacy and safety of treatment with hydroxy-
chloroquine/chloroquine alone or in combination with
azithromycin neither the prophylaxis of COVID-19 with
those drugs [111,112]. Additional studies are required
to estimate the effectiveness of both drugs against
SARS-CoV-2. Nevertheless, chloroquine phosphate
could be safely applied on the ocular surface in cases
of COVID-19 conjunctivitis and after exposure to the
SARS-CoV-2 virus. It is suggested that topical applica-
tion of hydroxychloroquine could achieve a dosage
one to two orders of magnitude higher than the
plasma levels reached with systemic treatment in min-
imum side effects. [113]

Topical azithromycin is also effective in the treatment
of dry eye related to meibomian gland dysfunction but
with fewer side effects than its systemic application
[114,115]. It is claimed to have anti-inflammatory and
immunomodulatory effects and to reduce interleukin IL-
6 and IL-1 production and viral replication [116].
Azithromycin is used to treat patients with COVID-19
[117,118]. Its local application in the eye could be con-
sidered in cases with COVID-19 with ocular involvement
and as prophylaxis after exposure to SARS-CoV-2 [55].

A few studies reported that benzalkonium chloride
(BAK) at a concentration of 0.02% or higher inhibits
various bacteria and viruses, including coronaviruses
[113,119,120]. Relying on that finding, regular applica-
tion of eye lubricant drops containing BAK could be
offered to persons without underlying ocular surface
diseases and especially to the medical personnel as
protection against coronavirus infection. Artificial tears
containing BAK could also be useful in cases sus-
pected to have COVID-19 conjunctivitis [113].

Some studies show [121–124] that povidone-iodine
in different concentrations (10%, 7.5%, 1% and 0.45%)
has a virucidal activity against SARS-CoV-2 and effect-
ively reduces viral loads. Besides, povidone-iodine eye
drops have been successfully used in the treatment of
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viral conjunctivitis. Based on these findings, povidone-
iodine could be applied on the anterior ocular surface
in cases of COVID-19 conjunctivitis and for prophylaxi-
sagainst viral invasion, especially after close contact
with an infected person, and it could be very useful
for medical personnel [113].

A study shows that increased concentration of sodium
chloride enhances the antiviral activity of epithelial cells
and fibroblasts and inhibits SARS-CoV-2 replication of
viruses [125]. An in vitro study reveals that 1.5% NaCl
ensures 100% inhibition of SARS-CoV-2 in Vero cells
[126]. The usage of BAK containing hypertonic saline eye
and nasal drops could have an enhanced effect against
viral entry. Thus, these products could be broadly recom-
mended to the society and could be a good protective
measure for the ocular and nasal tissues with minimum
side effects that have to be proven.

Medications with supposed effects against SARS-
CoV-2

Oral doxycycline has antimicrobial and anti-inflamma-
tory activity and is successfully used for the treatment
of meibomian gland dysfunction related to blepharitis
[127]. Studies also reported that it reduces IL-6 levels
and has antiviral activity [116]. Based on these obser-
vations, it is suggested to be effective in the treatment
of COVID-19 [128].

The increase in the intracellular Zn2þ concentration
is reported to inhibit the viral entry and impair the
replication of SARS-CoV and other RNA viruses [129]. It
is used in ophthalmic drugs as excipient, zinc sulfate
(0.25%), and in astringent eye drops, but their effect
against SARS-CoV-2 has to be evaluated [130].

The intake of food supplements containing a com-
bination of probiotics, omega 3 fatty acids, lactoferrin,
vitamin D and anthocyanins effectively improves dry
eye [131]. The same substances as well as vitamin A,
C, B6, B12, Zn2þ have been shown to play an import-
ant role in immune response to infections and could
be suggested in COVID-19 prevention [88,132,133].

The flavonoid quercetin is reported to be effective
for the treatment of corneal inflammation and dry eye
disease in vitro and in vivo [85]. In vivo studies show
that it has an inhibitory effect on SARS-CoV [134,135]
and binds to the S-protein of SARS-CoV-2 [136].

Conclusions

Although a lot is already known about the SARS-CoV-2
virus, the mechanisms of viral transmission and invasion
are still not well established and the role of the eye has

to be additionally clarified. The results of our pilot study
confirmed the hypothesis that face-mask wearing leads
to ocular complaints even in healthy individuals and
these complaints are dependent on the type of mask
and the duration of usage. The subjective ocular symp-
toms should be treated and protective measures against
ocular damage in face mask-wearing should be recom-
mended to the whole community and especially to
patients who already have dry eye disease or another
anterior ocular surface disease. The regular application of
artificial tears increases the volume of tears and thus
ensures protection against desiccating conditions in
mask-wearing and additionally increases drainage
through the nasolacrimal duct and diminishes the viral
load on the anterior ocular surface. Based on the con-
cept for the protective role of the tear film and specific-
ally, its lipid layer against the SARS-CoV-2 invasion in the
ocular tissues, all formulations sustaining tear film bal-
ance and lipid layer thickness could be beneficial in
ensuring the local defense mechanisms. Evidence indi-
cates that eye preparations containing trehalose would
not only protect the ocular surface from the harmful
effects of face mask-wearing but additionally could sup-
port local barriers against viral invasion. The topical oph-
thalmic application of medications that are suggested to
prevent SARS-CoV-2 invasion or to treat COVID-19 like
cyclosporine A, chloroquine, azithromycin, etc. could
contribute to a person’s health and protection and
ensure high local dose in minimum systemic side effects.

Disclosure statement

No potential conflict of interest was reported by
the author(s).

References

[1] WHO. WHO Director-General’s opening remarks at
the media briefing on COVID-19 – 11 March 2020.
[updated 2020; cited July 26, 2020]. Available from:
https://www.who.int/dg/speeches/detail/who-dir-
ector-general-s-opening-remarks-at-the-media-brief-
ing-on-covid-19—11-march-2020.

[2] Worldometer. Coronavirus Cases. Worldometer. p.
1–22. [cited 2020 Oct 22]. Available from: https://
www.worldometers.info/coronavirus/.

[3] Rahmandad H, Lim T, Sterman J. EstimatingCOVID-
19 under-reporting across 86 nations: implications
for prevention and control. SSRN Electronic Journal.
2020; doi: 10.2139/ssrn.35047. [cited 2020 Aug 23].
Available at: http://ssrn.com/abstract=3635047

[4] WHO. Infection prevention and control during health
care when novel coronavirus (nCoV) infection is sus-
pected. 19 March 2020 [updated 2020; cited 2020
Jul 27] Available from: https://www.who.int/publica-
tions/i/item/10665-331495.

1330 E. MARINOVA ET AL.

https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19�11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19�11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19�11-march-2020
https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/
http://ssrn.com/abstract=3635047
https://www.who.int/publications/i/item/10665-331495
https://www.who.int/publications/i/item/10665-331495


[5] Chen MJ, Chang KJ, Hsu CC, et al. Precaution and
prevention of Coronavirus Disease 2019 infection in
the eye. J Chin Med Assoc. 2020;83(7):648–650. [
cited Aug 10, 2020]. Available from:/pmc/articles/
PMC7202097/?report¼ abstract%0A. https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC7202097/..

[6] Javid B, Weekes MP, Matheson NJ. Covid-19: should
the public wear face masks? BMJ. 2020;369:m1442.
[cited 2020 Jul 27]. Available from: https://pubmed.
ncbi.nlm.nih.gov/32273278/

[7] Greenhalgh T, Schmid MB, Czypionka T, et al. Face
masks for the public during the covid-19 crisis. BMJ.
2020;369:m1435

[8] Lazzarino AI, Steptoe A, Hamer M, et al. Covid-19:
Important potential side effects of wearing face
masks that we should bear in mind. BMJ. 2020;369:
m2003.

[9] Foo CCI, Goon ATJ, Leow YH, et al. Adverse skin
reactions to personal protective equipment against
severe acute respiratory syndrome-a descriptive
study in Singapore. Contact Dermatitis. 2006;55(5):
291–294. [Cited 2020 Aug 10]

[10] Moshirfar M, West WB, Marx DP. Face mask-associ-
ated ocular irritation and dryness. Ophthalmol Ther.
2020;9(3):397–400. doi:10.1007/s40123-020-00282-6.

[11] Foulks GN. The Correlation between the tear film
lipid layer and dry eye disease. Surv Ophthalmol.
2007;52(4):369–374.

[12] Moss SE, Klein R, Klein BEK. Prevalance of and risk
factors for dry eye syndrome. Arch Ophthalmol.
2000;118(9):1264–1268. doi:10.1001/archopht.118.9.
1264.

[13] Wolkoff P, Nøjgaard JK, Franck C, et al. The modern
office environment desiccates the eyes? Indoor Air.
2006;16(4):258–265. [cited Jul 27, 2020]. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/
16842606.

[14] Alves M, Novaes P, de Andrade Morraye M, et al. Is
dry eye an environmental disease? Arq Bras
Oftalmol. 2014;77(3):193–200. [Cited 2020 Jul 27]

[15] Wolkoff P, Skov P, Franck C, et al. Eye irritation and
environmental factors in the office environment-
hypotheses, causes and a physiological model.
Scand J Work Environ Health. 2003;29(6):411–430.
[Cited 2020 Jul 27].

[16] Nakamura S, Shibuya M, Nakashima H, et al.
Involvement of oxidative stress on corneal epithelial
alterations in a blink-suppressed dry eye. Invest
Ophthalmol Vis Sci. 2007;48(4):1552–1558. [Cited
2020 Jul 27].

[17] Chen X, Gallar J, Pozo MA, et al. CO2 Stimulation of
the cornea: a comparison between human sensation
and nerve activity in polymodal nociceptive afferents
of the cat. Eur J Neurosci. 1995;7(6):1154–1163.
[Cited 2020 Aug 15].

[18] Sen CK, Packer L. Antioxidant and redox regulation
of gene transcription. Faseb J. 1996;10(7):709–720.
[Cited 2020 Aug 7]

[19] Xia C, Meng Q, Liu LZ, et al. Reactive oxygen species
regulate angiogenesis and tumor growth through
vascular endothelial growth factor. Cancer Res. 2007;
67(22):10823–10830. [Cited 2020 Aug 11].

[20] Fialkow L, Wang Y, Downey GP. Reactive oxygen
and nitrogen species as signaling molecules regulat-
ing neutrophil function. Free Radic Biol Med. 2007;
42(2):153–164. [Cited 2020 Aug 7].

[21] Pappas A. Epidermal surface lipids.
Dermatoendocrinol. 2009;1(2):72–76. [cited 2020
Aug 15]. Available from: http://www.tandfonline.
com/doi/abs/10.4161/derm.1.2.7811.

[22] Powell JB, Kim JH, Roberge RJ. Powered air-purifying
respirator use in healthcare: Effects on thermal sen-
sations and comfort. J Occup Environ Hyg. 2017;
14(12):947–954.

[23] McMonnies CW. Incomplete blinking: exposure kerat-
opathy, lid wiper epitheliopathy, dry eye, refractive
surgery, and dry contact lenses. Cont Lens Anterior
Eye. 2007;30(1):37–51. [cited 2020 Jul 29]. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/
17251052

[24] Awisi-Gyau D, Begley CG, Situ P, et al. Changes in
corneal detection thresholds after repeated tear film
instability. Invest. Ophthalmol. Vis. Sci. 2019;60(13):
4234–4240. doi:10.1167/iovs.19-27802.

[25] Pflugfelder SC, Stern ME. Biological functions of tear
film. Exp Eye Res. 2020;197:108115. [Cited 2020 Aug
15].

[26] Aiello F, Gallo Afflitto G, Mancino R, et al.
Coronavirus disease 2019 (SARS-CoV-2) and coloniza-
tion of ocular tissues and secretions: a systematic
review. Eye (Lond). 2020;34(7):1206–1211. [cited
2020 Jul 26]. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/32424327.

[27] Chen L, Deng C, Chen X, et al. Ocular manifestations
and clinical characteristics of 534 cases of COVID-19
in China: a cross-sectional study. medRxiv 2020.
[cited 2020 Aug 16]. doi: 10.1101/2020.03.12.
20034678.

[28] Chen L, Liu M, Zhang Z, et al. Ocular manifestations
of a hospitalised patient with confirmed 2019 novel
coronavirus disease. Br J Ophthalmol. 2020;104(6):
748–751.

[29] Zhang X, Chen X, Chen L, et al. The evidence of
SARS-CoV-2 infection on ocular surface. Ocul Surf.
2020;18(3):360–362.

[30] Guan W, Ni Z, Hu Y, China Medical Treatment Expert
Group for Covid-19, et al. Clinical characteristics of
Coronavirus Disease 2019 in China. N Engl J Med.
2020;382(18):1708–1720. [cited 2020 Jul 28].
Available from: http://www.nejm.org/doi/10.1056/
NEJMoa2002032.

[31] Wu P, Duan F, Luo C, et al. Characteristics of ocular
findings of patients with Coronavirus Disease 2019
(COVID-19) in Hubei Province, China. JAMA
Ophthalmol. 2020;138(5):575–578.

[32] Napoli PE, Nioi M, d’Aloja E, et al. The ocular surface
and the Coronavirus Disease 2019: Does a dual
‘ocular route’ exist? JCM. 2020;9(5):1269. doi:10.3390/
jcm9051269.

[33] Cheema M, Aghazadeh H, Nazarali S, et al.
Keratoconjunctivitis as the initial medical presenta-
tion of the novel coronavirus disease 2019 (COVID-
19). Can J Ophthalmol. 2020;55(4):e125–e129. [Cited
Aug 15].

BIOTECHNOLOGY & BIOTECHNOLOGICAL EQUIPMENT 1331

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7202097/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7202097/
https://pubmed.ncbi.nlm.nih.gov/32273278/
https://pubmed.ncbi.nlm.nih.gov/32273278/
https://doi.org/10.1007/s40123-020-00282-6
https://doi.org/10.1001/archopht.118.9.1264
https://doi.org/10.1001/archopht.118.9.1264
http://www.ncbi.nlm.nih.gov/pubmed/16842606
http://www.ncbi.nlm.nih.gov/pubmed/16842606
http://www.tandfonline.com/doi/abs/10.4161/derm.1.2.7811
http://www.tandfonline.com/doi/abs/10.4161/derm.1.2.7811
http://www.ncbi.nlm.nih.gov/pubmed/17251052
http://www.ncbi.nlm.nih.gov/pubmed/17251052
https://doi.org/10.1167/iovs.19-27802
http://www.ncbi.nlm.nih.gov/pubmed/32424327
http://www.ncbi.nlm.nih.gov/pubmed/32424327
https://doi.org/10.1101/2020.03.12.20034678
https://doi.org/10.1101/2020.03.12.20034678
http://www.nejm.org/doi/10.1056/NEJMoa2002032
http://www.nejm.org/doi/10.1056/NEJMoa2002032
https://doi.org/10.3390/jcm9051269
https://doi.org/10.3390/jcm9051269


[34] Dinkin M, Gao V, Kahan J, et al. COVID-19 presenting
with ophthalmoparesis from cranial nerve palsy.
Neurology. 2020;95(5):221–223.

[35] Navel V, Chiambaretta F, Dutheil F. Haemorrhagic
conjunctivitis with pseudomembranous related to
SARS-CoV-2. Am J Ophthalmol Case Rep. 2020;19:
100735.

[36] Marinho PM, Marcos AAA, Romano AC, et al. Retinal
findings in patients with COVID-19. Lancet. 2020;
395(10237):1610.

[37] Insausti-Garc�ıa A, Reche-Sainz JA, Ruiz-Arranz C,
et al. M. Papillophlebitis in a COVID-19 patient:
Inflammation and hypercoagulable state. Eur J
Ophthalmol 2020doi: 10.1177/1120672120947591.

[38] Douglas KAA, Douglas VP, Moschos MM. Ocular
manifestations of COVID-19 (SARS-CoV-2): A Critical
review of current literature. In Vivo. 2020;34(3
Suppl):1619–1628.

[39] Ho D, Low R, Tong L, et al. COVID-19 and the Ocular
Surface: A review of transmission and manifestations.
Ocul Immunol Inflamm. 2020;28(5):726–734.

[40] Seah I, Agrawal R. Can the Coronavirus Disease 2019
(COVID-19) affect the eyes? A review of coronavi-
ruses and ocular implications in humans and ani-
mals. Ocul Immunol Inflamm. 2020;28(3):391–395.
Accessed Jul 25, 2020

[41] Xie H-T, Jiang S-Y, Xu K-K, et al. SARS-CoV-2 in the
ocular surface of COVID-19 patients. Eye Vis. (Lond.)
2020;7:23.

[42] Xia J, Tong J, Liu M, et al. Evaluation of coronavirus
in tears and conjunctival secretions of patients with
SARS-CoV-2 infection. J Med Virol. 2020;92(6):
589–594.

[43] Liang L, Wu P. There may be virus in conjunctival
secretion of patients with COVID-19. Acta
Ophthalmol. 2020;98(3):223–223. [cited 2020 Jul 28].
Available from: https://onlinelibrary.wiley.com/doi/
abs/10.1111/aos.14413.

[44] Sun CB, Wang YY, Liu GH, et al. Role of the Eye in
Transmitting Human Coronavirus: What We Know
and What We Do Not Know. Front Public Health.
2020;8:155.

[45] Seah IYJ, Anderson DE, Kang AEZ, et al. Assessing
viral shedding and infectivity of tears in Coronavirus
Disease 2019 (COVID-19) Patients. Ophthalmology.
2020;127(7):977–979. [Cited 2020 Jul 25].

[46] Colavita F, Lapa D, Carletti F, et al. SARS-CoV-2
Isolation from ocular secretions of a patient with
COVID-19 in Italy with prolonged viral rna detection.
Ann Intern Med. 2020;173(3):242–243.

[47] Al-Sharif E, Strianese D, AlMadhi NH, et al. Ocular
tropism of coronavirus (CoVs): a comparison of the
interaction between the animal-to-human transmit-
ted coronaviruses (SARS-CoV-1, SARS-CoV-2, MERS-
CoV, CoV-229E, NL63, OC43, HKU1) and the eye. Int
Ophthalmol. 2020; Sep 3: 1–14. doi: 10.1007/s10792-
020-01575-2. [cited 2020 Sep 23].

[48] Rothe C, Schunk M, Sothmann P, et al. Transmission
of 2019-NCOV infection from an asymptomatic con-
tact in Germany. N Engl J Med. 2020;382(10):
970–971.

[49] Schnichels S, Rohrbach JM, Bayyoud T, et al. [Can
SARS-CoV-2 infect the eye?-An overview of the
receptor status in ocular tissue] . Ophthalmologe.
2020;117(7):618–621.

[50] Lange C, Wolf J, Auw-Haedrich C, et al. Expression of
the COVID-19 receptor ACE2 in the human conjunc-
tiva. J Med Virol. 2020;92(10):2081–2086. ahead of p:
2020;10.1002/jmv.25981. doi:10.1002/jmv.25981.
[cited 2020 Jul 28]. Available from: https://onlineli-
brary.wiley.com/doi/abs/10.1002/jmv.25981.

[51] Sungnak W, Huang N, B�ecavin C, HCA Lung
Biological Network, et al. SARS-CoV-2 entry factors
are highly expressed in nasal epithelial cells together
with innate immune genes. Nat Med. 2020;26(5):
681–687.

[52] Savaskan E, L€offler KU, Meier F, et al.
Immunohistochemical localization of angiotensin-
converting enzyme, angiotensin II and AT1 receptor
in human ocular tissues. Ophthalmic Res. 2004;36(6):
312–320.

[53] Zhou L, Xu Z, Castiglione GM, et al. ACE2 and
TMPRSS2 are expressed on the human ocular sur-
face, suggesting susceptibility to SARS-CoV-2 infec-
tion. Ocul Surf. 2020;18(4):537–544.

[54] Hui KPY, Cheung MC, Perera RAPM, et al. Tropism,
replication competence, and innate immune
responses of the coronavirus SARS-CoV-2 in human
respiratory tract and conjunctiva: an analysis in ex-
vivo and in-vitro cultures. Lancet Respir Med. 2020;
8(7):687–695. doi:10.1016/S2213-2600(20)30193-4

[55] Coroneo MT. The eye as the discrete but defensible
portal of coronavirus infection. Ocul Surf. 2020; doi:
10.1016/j.jtos.2020.05.011. [cited 2020 Aug 13].

[56] Georgiev GA, Eftimov P, Yokoi N. Structure-function
relationship of tear film lipid layer: A contemporary
perspective. Exp Eye Res. 2017;163:17–28.

[57] Butovich IA. Tear film lipids. Exp Eye Res. 2013;117:
4–27.

[58] Latalska M, Mackiewicz J. The implication of ocular
manifestation of COVID-19 for medical staff and
patients – systematic review. Ann Agric Environ
Med. 2020;27(2):165–170. doi:10.26444/aaem/122790.
[Cited 2020 Aug 7].

[59] Flanagan JL, Willcox MDP. Role of lactoferrin in the
tear film. Biochimie. 2009;91(1):35–43.

[60] Chentoufi AA, Dasgupta G, Nesburn AB, et al.
Nasolacrimal duct closure modulates ocular mucosal
and systemic CD4 þ T-cell responses induced follow-
ing topical ocular or intranasal immunization. CVI.
2010;17(3):342–353. doi:10.1128/CVI.00347-09. [Cited
2020 Jul 25].

[61] Orr-Burks N, Gulley SL, Gallardo RA, et al.
Immunoglobulin a as an early humoral responder
after mucosal avian coronavirus vaccination. Avian
Dis. 2014;58(2):279–286.

[62] Tong TR, Lam BH, Ng TK, et al. Conjunctiva-upper
respiratory tract irrigation for early diagnosis of
severe acute respiratory syndrome. J Clin Microbiol.
2003;41(11):5352.

[63] Lang J, Yang N, Deng J, et al. Inhibition of SARS
pseudovirus cell entry by lactoferrin binding to hep-
aran sulfate proteoglycans. Geraghty RJ, ed. PLoS

1332 E. MARINOVA ET AL.

https://doi.org/10.1177/1120672120947591
https://onlinelibrary.wiley.com/doi/abs/10.1111/aos.14413
https://onlinelibrary.wiley.com/doi/abs/10.1111/aos.14413
https://doi.org/10.1007/s10792-020-01575-2
https://doi.org/10.1007/s10792-020-01575-2
https://doi.org/10.1002/jmv.25981
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.25981
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.25981
https://doi.org/10.1016/S2213-2600(20)30193-4
https://doi.org/10.1016/j.jtos.2020.05.011
https://doi.org/10.26444/aaem/122790
https://doi.org/10.1128/CVI.00347-09


One. 2011;6(8):e23710. [Cited 2020 Jul 28]. Available
from: https://dx.plos.org/10.1371/journal.pone.
0023710.

[64] Milner MS, Beckman KA, Luchs JI, et al.
Dysfunctional tear syndrome: dry eye disease and
associated tear film disorders - New strategies for
diagnosis and treatment. Curr Opin Ophthalmol.
2017;28(supplement 1):3–43. doi:10.1097/01.icu.
0000512373.81749.b7.

[65] Yokoi N, Georgiev GA. Tear-film-oriented diagnosis
for dry eye. Jpn J Ophthalmol. 2019;63(2):127–136.

[66] Essa L, Laughton D, Wolffsohn JS. Can the optimum
artificial tear treatment for dry eye disease be pre-
dicted from presenting signs and symptoms?
Contact Lens Anterior Eye. 2018;41(1):60–68. doi:10.
1016/j.clae.2017.07.007.
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