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ABSTRACT
Purpose: The novel coronavirus disease 2019 (COVID-19) has raised a global public health concern. 

The purpose of this review is to summarize the evidence currently available on COVID-19 for its ocular 
implications and manifestations from both pathogenetic and clinical standpoints.

Methods: For this narrative review, more than 100 relevant scientific articles were considered from 
various databases (PubMed, Google Scholar, and Science Direct) using keywords such as coronavirus 
outbreak, COVID-19, ophthalmology, ocular symptoms.

Results: Daily healthcare both from patient and physician perspective, as well as on some guidelines 
regarding prevention and management have dramatically changed over the last few months. Although 
COVID-19 infection mainly affects the respiratory system as well as the gastrointestinal, cardiovascular, 
and urinary systems, it may cause a wide spectrum of ocular manifestations. Various challenges have to be 
faced to minimize exposure for both patients and physicians. 

Conclusion: The risk of COVID-19 infection should be considered and medical care should be prioritized 
for urgent cases. Appropriate management for patients with chronic cases that may result in adverse 
outcomes should not be neglected, while patients that can be monitored remotely should be identified.  
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Abbreviations:
CoV=coronavirus; 
WHO=World Health Organization; 
MERS=Middle East respiratory syndrome; 
ACE2=angiotensin converting enzyme 2; 
ARDS=acute respiratory distress syndrome; 
AMD=age-related macular degeneration; 
PPE=personal protective equipment

INTRODUCTION

The novel coronavirus, SARS-CoV-2 
(COVID-19) outbreak is rapidly emer-
ging as a global threat. With no proven 
treatment to date, control of the infec-
tion is of paramount importance. The 

ocular surface may represent a portal of entry, 
whereas the infectious agent may also be present 
in the lacrimal secretions. Ocular symptoms 
commonly appear in patients with severe 
COVID-19, and it is possible to isolate the virus 
from the conjunctival sac of these patients. 
Moreover, contact with infected eyes could be 
one route of disease transmission.

The purpose of this review is to summarize 
the currently available evidence on COVID-19 
for its ocular implications and manifestations 
from both pathogenetic and clinical standpoints. 
Challenges during daily healthcare are discussed 
from both the patient and physician perspective 
and some guidelines regarding prevention and 
management are reviewed. q

ETIOLOGY AND PATHOGENESIS OF 
COVID-19

Brief history
Coronaviruses 

Coronaviruses (CoVs) belong to Coronaviridae 
family of the Nidovirales order and are enve-
loped viruses with positive sense, non-segmen-
ted, single-stranded RNA, the largest RNA ge-
nome known so far (1, 2). They mainly infect 
animals, targeting their respiratory, cardiovascu-
lar, gastrointestinal and nervous system and cau-
sing serious diseases (3). The coronavirus sub-
family has four genera (alpha, beta, gamma, and 
delta coronaviruses), but only alpha and beta 
coronaviruses infect humans (4). The most com-
mon coronaviruses among humans are 
HCoV2-229E, -HKU1, -NL63 and -OC43 (5). 
Human infection by CoVs is mainly associated 

with respiratory and gastrointestinal manifesta-
tions (6, 7) and exacerbations of chronic condi-
tions such as asthma, cystic fibrosis and chronic 
obstructive pulmonary disease (8), but it can also 
be linked to multiple organ failure and death 
(9, 10). More specifically, HCoV-NL63 has been 
associated with croup (laryngotracheitis) (11), 
while HCoV-OC43 with severe lower respiratory 
tract infection in children (12). No specific the-
rapy of vaccine is available, so treatment of coro-
navirus-infected patients remains supportive 
(13-15).

Morphologically, CoVs have a spherical or 
pleomorphic shape with “club-like” projections, 
called glycosylated trimeric spike (S) proteins 
(16), which determine the diversity of coronavi-
ruses and host tropism and are composed of two 
subunits S1 and S2. Other proteins play specific 
roles as well. The membrane (M) protein con-
tributes to the characteristic shape of the virus, 
the envelope (E) protein enables assembly of the 
virion, while the internal nucleocapsid (N) pro-
tein forms the nucleocapsid of the virus (17, 18). 
One of the main characteristics of CoVs is their 
ability to mutate and form recombined, novel 
strains which are highly infectious to humans 
(19). 

Coronavirus outbreaks
Three major coronavirus outbreaks have oc-
curred in recent years. In 2002, a novel CoV 
strain emerged in China and spread internatio-
nally, most notably to Toronto, Canada. The 
World Health Organisation (WHO) reported 
that more than 8,000 people were infected and 
the fatality risk was approximately 10% (20, 21). 
This strain caused severe acute respiratory syn-
drome and is known as SARS-CoV (22).

Ten years later, in 2012, another strain, called 
the Middle East respiratory syndrome coronavi-
rus (MERS-CoV), was identified in Saudi Arabia. 
It was transmitted to humans from camels, in-
fecting 2,468 patients and killing 34.5% of those 
cases (23). Travel-related MERS cases also oc-
curred in South Korea and the United States, 
and it resulted in a significant hospital-based out-
break in 2015 (21).

In December 2019, a pneumonia outbreak 
was reported in Wuhan, China, by the novel 
SARS-CoV-2. SARS-CoV-2, formerly known as 
2019-nCoV, is a new CoV strain, belonging to 
the same category as SARS-CoV (24), and like 
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SARS-CoV and MERS-CoV viruses, it is classified 
as beta coronavirus (25) and uses the horseshoe 
bats as a natural reservoir (26).

The emerging outbreak of SARS-CoV-2 di-
sease (COVID-19) was declared a pandemic by 
the WHO on March 11, 2020. At the time of 
writing this review, there are more than 
212,770,406 patients infected worldwide and 
more than 4,445,854 deaths (as of 24 August 
2021). To date, infected patients are the main 
source of infection and infectivity is directly re-
lated to the severity of the disease. In addition, 
asymptomatic patients or patients who incubate 
the virus are also infectious (27). Moreover, for 
the first time in the history of infectious diseases, 
a positive PT-PCR test has been found in reco-
vered patients, a fact that poses serious ques-
tions about prevention of disease spread and 
management of those patients (26, 28).

The estimated fatality rate of COVID-18 is at 
4-7% (29), which is significantly lower compared 
to MERS (34%) or SARS (11%). However, total 
deaths from COVID-19 have far exceeded those 
from MERS and SARS combined (30). Infection 
control by applying protective measures is essen-
tial both for patient and healthcare workers (31). 
In fact, experience from SARS showed that 
healthcare workers were especially vulnerable to 
an uncontrolled outbreak which can shut down 
health services within a few days (32, 33).

SARS-CoV-2 life cycle
The life cycle of SARS-CoV-2 consists of a se-
quence of steps. Invasion of the virus into the 
host cell is mainly facilitated by the spike (S) 
membrane protein. This protein binds to specific 
membrane receptors, such as the angiotensin 
converting enzyme 2 (ACE2) (34, 35). The seve-
rity with which SARS-CoV-2 affects an organ is 
related to the amount of ACE2 in that particular 
organ. For instance, type II alveolar cells of the 
lungs, glandular cells in the GI track and myocar-
dial cells have a high density of ACE2 and thus, 
the respiratory, gastrointestinal and myocardial 
injury caused by SARS-CoV-2 can be explained 
(36-38). Following the binding of the virus on the 
cell membrane, the S protein undergoes pro-
tease cleavage. A unique characteristic of the 
SARS-CoV-2 virus is the existence of furin clea-
vage site at the S1/S2 site (35, 39). After binding, 
the virus invades the host cell via endocytosis or 
membrane fusion. The viral RNA enters the nu-

cleus and replicates, while viral mRNA is used in 
the biosynthesis of viral proteins. The newly as-
sembled virions mature and are then released 
(25).

Host response to SARS-CoV-2
The host response to a SARS-CoV-2 infection is 
mainly based on T cell immunity. More specifi-
cally, the antigen is presented to T cells by den-
dritic cells and macrophages, which circulate in 
draining lymph nodes. Both CD4+ and CD8+ 
contribute to the host response. The former acti-
vated B cell to produce virus-specific immuno-
globins and the latter destroy cells infected by 
the virus (25). Humoral immunity produces neu-
tralizing antibodies that protect the host by limi-
ting the infection in the course of the disease and 
preventing re-infection (40). SARS-CoV-2 indu-
ces IgG production against N protein, detectable 
after four days after disease onset. Seroconver-
sion occurs by day 14 (41). The immunological 
profile of severely ill patients has revealed in-
teresting findings, such as lymphopenia (42), con-
cerning especially T cells, and increased proin-
flammatory cytokines such as interleukin-6 (IL-6), 
interleukin-10 (IL-10), granulocyte colony stimu-
lating factor (G-CSF) and tumor necrosis factor 
(TNF)-a (43). Another finding is the ultimate ex-
haustion of T-cell, contributing to the progres-
sion of the disease (43). A large number of in-
flammatory cells has been detected in the lung 
infiltrate of severely ill patients with SARS-CoV-2. 
This infiltrate mainly consists of adaptive im-
mune cells and innate immune cells, such as 
neutrophils (44). Neutrophils act protectively but 
also harm the lung parenchyma, through this 
process. Lung injury can also be promoted by 
cytotoxic CD8+ cells, which are present in the 
lung infiltrate (45). Apart from respiratory mani-
festations, thrombosis and pulmonary embolism 
are presentations of severe SARS-CoV-19 infec-
tion (46). This can be explained by the endothe-
lial injury caused by the virus, as endothelial cells 
also express ACE2 (47). Endothelial injury indu-
ces high vascular permeability and facilitates vi-
ral invasion. Also, given the fact that one third of 
the lung cells is comprised of endothelial cells, 
endothelial damage contributes to the impres-
sive lung manifestations as well (48).

The genome of SARS-CoV-2 possesses 14 
open reading frames (ORF) and encodes 27 pro-
teins (49). Like in all CoVs, the genome of 
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SARS-CoV-2 includes a unique N-terminal frag-
ment within the S protein and genes for the ma-
jor proteins S, E, M, N occur in this order, in a 
5’-3’ manner (50). Whole exome analysis sup-
ports the stronger phylogenetic resemblance of 
SARS-CoV-2 to SARS-like bat CoV than to SARS-CoV 
and MERS-CoV (51). This high genome similarity 
suggests the Hipposideros bats in China as the 
common natural host of the two viruses (51). Ini-
tial genomic analysis of the SARS-CoV-2 de-
monstrated no significant variations, with more 
than 99.98% sequence identity (52). However, a 
recent study analyzed 103 viral genomes and 
proved that the virus had evolved into two types, 
L and S. The L type appears to be more aggres-
sive, given its strong selective pressure, while the 
S type is associated with a milder di sease (53).

Pathophysiology. General symptoms
COVID-19 contains a special surface glycopro-
tein called a "spike". The virus uses that protein 
to connect to ACE2 and enter the host cell. The 
grade of SARS-CoV-2 disease in an organ is re-
lated to the density of ACE2 enzyme in that par-
ticular organ (54).

General symptoms of patients with 
SARS-CoV-2 are fever, cough, headache, myal-
gias and fatigue (55). The enzyme ACE2 is abun-
dant in type II alveolar cells of the lungs. This 
explains the fact that respiratory system is pri-
marily affected by the virus, and may cause re-
spiratory failure (56, 57). Clinical presentation of 
the SARS-CoV-2 varies from asymptomatic in-
fection to acute respiratory distress syndrome 
(ARDS), multiple organ failure and death (58, 59). 
Lower respiratory track disease, such pneumonia 
as well as involvement of the upper airways 
(sneezing, rhinorrhea, odynophagia) are com-
mon symptoms (60).

Some patients will develop severe dyspnoea, 
usually after the first week of symptoms onset, 
require oxygen supply and even support in the 
intensive care unit (61). Complications of the in-
fection include ARDS, shock and acute lung in-
jury. Mortality rates increase in the elderly and in 
patients with comorbidities (61).

The density of ACE2 is also high in the glan-
dular cells of gastric, duodenal and rectal epithe-
lium as well as endothelial cells and enterocytes 
of the small intestine. As a result, COVID may 
appear with gastrointestinal symptoms, such as 
diarrhea (36).

ACE2 receptors are present in the heart as 
well and SARS-CoV-2 may cause acute myocar-
dial injury and chronic damage to the cardiovas-
cular system. In fact, acute cardiac injury was 
observed in 12% of infected cases admitted to 
the hospital in Wuhan and this percentage was 
higher in severe disease (38).

COVID-19 infection may cause hypercoagu-
laion leading to thrombosis (31%) and venous 
thromboembolism (25%) (62, 63). Kidney failure 
is another complication related to COVID-19 in-
fection, including patients with no previous 
medical history (64). Coronavirus infection could 
also present with a wide spectrum of ocular 
manifestations from anterior segment patholo-
gies, such as conjunctivitis and anterior uveitis to 
sight-threatening conditions such as retinitis and 
optic neuritis (65-67). Moreover, affected pa-
tients may present sensory disturbances typically 
anosmia/hyposmia or even hearing loss (68, 69). 
Those disturbances could be attributed to ACE2 
levels or genetic predisposition due to common 
embryonic origin of head and neck tissues (70).

Transmission
SARS-CoV-2 has a basic reproduction number 
(R0) of 2–2.5, meaning that 2–3 individuals will 
be infected from an index patient (71). The main 
route of transmission are respiratory droplets, 
generated during coughing and sneezing (72), 
and direct contact. Infected droplets can spread 
1-2 m and contaminate nearby surfaces, where 
the virus can survive for days, depending on the 
atmospheric conditions (73).

Although respiratory tract through aerosols 
from an infected person is an obvious transmis-
sion route for this viral infection of COVID-19, it 
is probably not the only one. Droplets can in-
vade and infect the body either through inhala-
tion or by direct or indirect contact with the 
nose, mouth and eyes (58). Viral load in the na-
sal cavity is greater compared to the one of the 
throat (74). Transplacental transmission has not 
been described, in contrast to postnatal trans-
mission, which is commonly observed (75). 
SARS-CoV-2 has been detected in urine and 
stool samples, suggesting possible fecal-oral 
transmission (76). Tap water and toilet flushes 
may also generate aerosols that contain the virus 
and spread it.  

Aerosol transmission is also possible either 
through direct entry to the body or by contami-
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nation of surfaces (77). Droplets containing the 
virus as well as infected hands may contaminate 
the conjunctiva and thus, constitute an alterna-
tive route of infection (64-67).

There is evidence that the virus may be pre-
sent in tears of patients with ocular involvement. 
Ocular transmission, either through direct con-
tact with the ocular mucosa and tears or indi-
rectly, although rare, is possible, especially in 
patients with ocular manifestations (78, 79).

In a case report, SARS-CoV-2 was isolated 
from ocular secretions of a patient with COV-
ID-19 in Italy with prolonged viral RNA detec-
tion (80). However, a prospective study showed 
that ocular transmission of COVID-19 was quite 
low. In this study, researchers collected 64 tear 
samples from 17 COVID-19 patients between 
Day 3 to Day 20 from initial symptoms. Neither 
viral culture nor reverse transcription polymerase 
chain reaction (RT-PCR) detected the virus, sug-
gesting a low risk of ocular transmission (81).

Ocular manifestations 
Ocular involvement has only been described in 
SARS-CoV-2 infection, but not in SARS-CoV or 
MERS-CoV (82, 83). Coronavirus infection could 
present as well with a wide spectrum of ocular 
manifestations from anterior segment patholo-
gies such as conjunctivitis and anterior uveitis to 
sight-threatening conditions, such as retinitis and 
optic neuritis (65-67). Case reports showed that 
conjunctivitis could be a manifestation of 
COVID-19. In particular, a case report described 
a female patient with rhinorrhoea, cough, nasal 
congestion and unilateral keratoconjunctivitis as 
the initial presentation of COVID-19. This pa-
tient did not present with fever as an initial sign, 
but the antipyretic medication that she had pre-
viously taken may have masked any mild fever 
(84).

In addition to this, a study showed that 12 out 
of 38 patients (31.6%) had ocular manifestations 
consistent with conjunctivitis, including conjunc-
tival hyperemia, chemosis, epiphora, and in-
creased secretions. In the same study, one pa-
tient experienced epiphora as the first symptom 
of COVID-19 (81).

Other studies did not report any increased 
incidence of conjunctivitis in severe COVID-19 
(85), while others showed that conjunctivitis 
could be the first diagnosis of a COVID-19 infec-
tion in a percentage varying from 0.8% to 2.8% 

in China (86, 87). A meta-analysis showed that 
the overall rate of conjunctivitis was 1.1% and 
particularly, it was 3% and 0.7% in severe and 
non-severe COVID-19 patients, respectively. 
The same study reported an increased incidence 
of conjunctivitis in patients admitted to the hos-
pital with severe COVID-19 infection (67). Over-
all, ocular manifestations may be one of the first 
sign of COVID-19 infection, including various 
symptoms, while keratoconjunctivitis is reported 
to be the most common one.  

Vaccine development
The SARS-CoV-2 pandemic forced the commu-
nity to an unprecedent need for vaccine produc-
tion. The vaccines of Pfizer-BioNTech, Moderna, 
Janssen (J&J) and the Astra Zeneca/Oxford 
ChadOx are being distributed mainly in Euro-
pean and Western countries, while other coun-
tries are utilizing the Chinese Sinovac inactivated 
SAR-CoV-2 and Russian Sputnik V adenovirus 
vaccines. The total vaccine doses administered 
across the globe at the time of writing this review 
are more than 4.9 billion (88). Results from safe-
ty and efficacy studies look very promising from 
currently available vaccines (89-92). Generally, 
an ideal vaccine should have low cost, mass pro-
duction, safety, while being easily distributed. 
Additionally, an ideal vaccine should induce, 
with a single dose, a strong and durable T-cell 
response accompanied with protective neutra-
lizing antibody production. Moreover, the vac-
cine should not only be compatible with all the 
ages, from younger to older, but also be modifi-
able in order to improve its efficacy against the 
future emerging variants. Considering the diffi-
culty of achieving a single dose vaccine with all 
of the above characteristics, it is prominent that 
further attempts of vaccine trials may be re-
quired. Currently there are 76 candidate vac-
cines at clinical and preclinical stages of develop-
ment which are utilizing six different platforms 
(93).

Novel therapies
Chloroquine phosphate, ribavirin, penciclovir, 
nitazoxanide and nafamostat are the five dif-
ferent FDA-approved drugs that have been tes-
ted against SARS-CoV-2 (94). Two viral RNA 
polymerase inhibitors were also tested, remdesi-
vir (GS-5734) and favipiravir. Subsequent in vitro 
evaluation of both remdesivir and chloroquine 
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were found to be more effective than the other 
drugs (95). Since October 2020, remdesivir, an 
adenosine nucleoside analogue, is an FDA ap-
proved intravenous infusion COVID-19 treat-
ment drug that probably inhibits viral replication, 
while simultaneously it features high affinity to 
sites that are blocking receptors responsible for 
the mechanism of the viral entry into the cell 
(96). Besides antiviral drugs, immunotherapy has 
revealed some success in treating SARS-CoV-2 
infected patients. In some studies, patients who 
received a combination of intravenous infusion 
convalescent plasma from recovered patients 
and supportive antiviral agents showed an over-
all improvement in their clinical status (97). It 
should be noted that treatment guidelines are 
constantly changing following recent advances 
and emerging therapeutic options.

Challenges in clinical practice (patient’s 
perspective)
Daily practice in ophthalmology has been im-
pacted in multiple ways during the COVID-19 
pandemic. We investigate how this has directly 
affected patients and if there are any associated 
risks for their healthcare.

Surgical interventions
Firstly, the total number of surgeries has been 
dramatically reduced to avoid virus transmission 
and many scheduled surgical interventions (such 
as cataract, glaucoma and strabismus surgery) 
were postponed. This is more common for pa-
tient with significant comorbidities. General ane-
sthesia is avoided to reduce transmission risk 
during endotracheal intubation, and it is reserved 
for urgent cases (98, 99). Surgical procedures 
may serve as a means for cross-infection be-
tween patients and healthcare workers. Patient 
tend to prefer having elective surgery in day cli-
nic rather than visiting a tertiary hospital, to min-
imize exposure. Patient’s relatives are also ad-
vised to stay away from hospitals, and phone 
calls or video conferencing with family members 
should be used where it is feasible (100).

Glaucoma department
Regular outpatient visits were postponed or can-
celled in several departments. Uncertainty in the 
duration of the outbreak makes rescheduling 
dates difficult (101). Patients who miss their ap-
pointments might be predisposed to sight-threa-

tening complications (102). This is particularly 
important for patients with glaucoma (103, 104) 
as vision loss is irreversible (105). Decision ma-
king can be remote with data collected from pa-
tients (106). The downside on this practice is that 
decisions are usually taken without proper visual 
field testing (107), which violates the typical ap-
proach structure-function relationship (108).

Patients receiving injections
Patients receiving intravitreal anti-VEGF injec-
tions for chronic retinal diseases like age-related 
macular degeneration (AMD), diabetic retinopa-
thy and retinal vein occlusions are also at risk 
(109, 110). Several organizations, including the 
American Academy of Ophthalmology, the 
French Society of Ophthalmology, the German 
Ophthalmological Society and the Royal College 
of Ophthalmologists, have produced guidance 
for physicians to assist in decision making and 
management of these patients (109, 111, 112). 
Inevitably, patients should be prioritized accor-
ding to their medical needs. Those with diabetic 
retinopathy and vein occlusions are less likely to 
suffer from irreversible vision loss in the short 
term, and postponement of their treatment or 
altering their treatment regimen can be consi-
dered (113, 114). It should also be highlighted 
that patients with diabetes are at higher risk for 
COVID-19 complications (115).

Uveitis department
Furthermore, the pandemic has severely affected 
the uveitis healthcare, with the risk of long-term 
deterioration of patients with ocular inflamma-
tion. With the present situation, careful selection 
of diagnostic tests should be made, and ophthal-
mologists are often called to rely on clinical exa-
mination and history taking rather than a standard 
set of imaging and laboratory tests (116, 117). 
Secondary manifestations like increased intraocu-
lar pressure, cystoid macular edema and choroi-
dal neovascularization are to be reviewed regu-
larly especially for unpredictable or acute cases.

Regarding treatment, it has been proposed 
that patients receiving immunomodulatory treat-
ment for non-infectious uveitis may pose addi-
tional risk of COVID-19 infection and a more 
severe course of the disease. A special service-
based clinical study has been recently published 
to define the optimal approach for these patients 
(118).

Challenges in CliniCal PraCtiCe during COVid-19
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Ocular oncology department
Ocular oncology care is quite complex and re-
quires a multidisciplinary approach for optimal 
outcomes. Patients need a careful evaluation on 
a case-by-case basis and an individualized treat-
ment plan. Surgical cases for malignant ocular 
and adnexal tumor should proceed as appropri-
ate during the pandemic. Unfortunately, the im-
pact on the outcome can be detrimental if man-
agement is delayed for patients with malignancies 
(119, 120). This approach goes along with the 
understanding that there is a risk for transmission 
of COVID-19 during patient management, even 
by asymptomatic individuals. The necessity for 
urgent care should be balanced with the risk of 
viral spread. As a standard of care, the balance 
during a pandemic should favor the value of 
maximizing benefits to the population (121). 
With this rather bold statement we must under-
stand that decision making may not be always 
easy considering medical ethics.

Patient survival should be the cornerstone of 
ocular oncology consultation. There is currently 
a recommendation to alter treatment protocols 
or to favor enucleation over globe salvage (122). 
During the pandemic, malignant tumors are to 
be prioritized over benign tumors and higher-
grade malignancies are to be prioritized over less 
aggressive tumors. This prioritization is proposed 
by the American College of Surgeons and other 
committees (120, 123, 124).

Challenges in Clinical Practice (Physician’s 
Perspective)
Distancing
COVID-19 has been found to be extremely 
transmissible, with every affected patient see-
ding more than two secondary cases (125, 126). 
Infection through direct transmission of droplets 
produced by breathing, talking, sneezing and 
coughing may occur after reaching the nasal mu-
cosa or the conjunctiva. Safe distance is the first 
measure to be considered to avoid viral spread. 
An area of one meter (three feet) has been de-
scribed as a risk zone in the literature (127, 128). 
It is evident that ophthalmologists are prone to 
getting infected because of the proximity to pa-
tients’ nose and mouth, and the potential expo-
sure to tears which may contain the virus (129). 
Individuals with suspicious symptoms for 
COVID-19 must be evaluated in an isolated area 
and referred for further work-up to rule out in-

fection. Healthcare facilities should provide sur-
gical masks, physical distancing and alcohol-
based hand rub at hospital entrances and patient 
waiting areas (130). To prevent crowding in wai-
ting areas, blocking alternating seats is also ad-
vised (99).

Equipment
The WHO guidelines recommend that health-
care workers with direct contact to patients with 
COVID-19 should bear personal protective 
equipment (PPE) including medical masks, 
gloves, gowns and eye protection with googles 
and face shields (131). Nevertheless, given the 
global shortage of equipment, close attention to 
supply chain is required to cope with the needs 
(132-134). Special care should be taken by 
healthcare providers when doffing PPE, as there 
is a high risk of self-contamination (135). Training 
for wearing and removing PPE along with hand 
cleaning is essential (136). A safety culture is en-
couraged to be established to minimize nosoco-
mial transmission (137). 

Facemasks
In Europe, respiratory protective devices must 
meet the European standard EN 149:2001, 
which classifies three disposable particulate 
respirators after three grades of protection; 
FFP1 refers to the least filtering of the three 
masks with aerosol filtration at least 90% for 
0.3 μm particles; FFP2 masks have a minimum 
of 94% particle filtration and FFP3 ones are the 
most filtering with a minimum filtration of 99%, 
protecting against very fine particles such as as-
bestos and ceramic given (138). To attend pa-
tients not suspected to be infected by COVID-19, 
surgical masks for both patients and physicians 
are re commended. Although modest filtration 
efficacy is achieved, surgical masks are recom-
mended in outpatient clinics to reduce viral load 
and prevent viral spread by asymptomatic 
COVID-19 (138-140). Ophthalmologists are ad-
vised to wear FFP2 or FFP3 for slit lamp exami-
nation of suspected or confirmed COVID-19 
cases (130).

Viral load on surfaces and disinfection policies
Studies have shown that COVID-19 could per-
sist on plastic and steel surfaces for up to 72 hours 
(70, 141). The WHO recommends that disinfec-
tion and environmental cleaning procedures are 
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performed routinely and consistently. Environ-
mental surfaces can be adequately cleaned with 
water and hospital disinfectants such as sodium 
hypochlorite (70, 141). Frequently, touches sur-
faces such as doors, desks, switches, slit-lamp 
handles might be cleaned with household disin-
fectants including alcohols, hydrogen peroxide, 
benzalkonium or sodium hypochlorite chloride 
(141). It has been found that disinfectants with 
62-71% ethanol could reduce coronavirus con-
tamination exposure (70). Moreover, hand wa-
shing with soap and warm water for at least 
20 seconds before and after examining patients 
plays a major role for controlling infection spread 
(142). 

Slit lamp breath shields
Breath shields have been a standard feature for 
several slit lamps and act as a physical barrier be-
tween the examiner and patient, although the 
rationale is rather empirical than evidence based 
for reducing droplet transmission. Following 
COVID-19 outbreak, the efficacy of standard and 
enlarged breath shields was examined (143, 144). 
It was shown that breath shield was effective for 
reducing transmission of particles >3 μm, which 
was considered an adequate approach, given the 
lack of aerosol generation du ring slit lamp exami-
nation. The benefits of bigger shields should be 
considered against the increased risk of fomite 
transmission for the examiner following routine 
tonometry or fundus examination (143).

Protective eyewear
To prevent conjunctival exposure, ophthalmolo-
gists can use googles with strong face adhesion or 
disposable face shields. However, it should be 
mentioned that clinical examination using a slit-
lamp can be difficult while looking through the 
oculars. Fundoscopy may be challenging with a 
limited field of view. It should also be highlighted 
that, with mandatory masking in clinics, lens fog-
ging during fundus examination can become a 
major problem. Taping over the top of the mask 
with paper tape can prevent fogging due to pa-
tient’s breath. An alternative time-saving option 
is to adjust the examination technique by gently 
pressing the mask against the patient’s skin. 
While performing fundoscopy, this can be 
achieved by maneuvering of the ring finger of 
the examiner (145, 146). Regarding measures 
during surgical procedures, distance between 

the surgeon and patients can be increased with 
the use of a 3D head-up display system (147).

Aerosol secretions
Although respiratory droplets of >5 μm can be 
inhaled into the lungs, the possibility of airborne 
(<5 μm) transmission such as aerosols remains 
controversial and further studies on this topic are 
needed to elucidate potential virus transmission 
mechanisms. Some surgical procedures, inclu-
ding bronchoscopy, intubation, cardiopulmo-
nary resuscitation as well as orthopedic and den-
tal interventions, are known to produce aerosols 
(85, 148). There is an open debate when oph-
thalmological procedures such as vitrectomy and 
phacoemulsification produce aerosols. Aerosols 
are produced when an air current moves across 
the surface of a film of a liquid. However, during 
vitrectomy, the cutter blade moves within the vi-
treous cavity in an effectively closed system (149) 
and the majority of the generated aerosols are 
carried to the cassette of the vitrectomy ma-
chine. Similarly, aerosol generation has not been 
noticed when a phacoemulsification probe is ac-
tivated outside the eye (150).

Despite these facts, it should be highlighted 
that general anesthesia poses an additional risk 
for the staff, since endotracheal intubation gene-
rates aerosols (98). Only urgent interventions 
should be undertaken during the pandemic, 
while scheduled procedures might be post-
poned.

Finally, some instruments used in routine exa-
mination such as air-puff tonometer can also 
pose a risk due to generation of aerosol from the 
ocular surface and should be kept aside if possi-
ble (151).

Teleophthalmology
With the term of teleophthalmology we refer to 
the use of medical information exchanges from 
one site to another by the means of electronic 
communication to monitor and improve pa-
tients’ health status. In fact, many healthcare sys-
tems have already invested in this technology 
prior to the COVID-19 pandemic. Some barriers 
for the worldwide use of this technology include 
limited reimbursement from the healthcare sys-
tem, unfamiliarity with this technology and loss 
of in-person care (152-154).

Real-time telemedicine using live videocalls 
offers the possibility to get a detailed history from 
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the patient and roughly examine the eye condi-
tion. Although the options are limited, the oph-
thalmology can examine the pupils, the corneal 
reflexes and perform an external examination of 
the eyelids and adnexa (155). The accuracy of 
clinical signs might be questionable, though and 
diagnosis should be considered twice.

Some other aspects of this technology that 
can be used in clinical practice include the sto-
rage of images and documents of patients which 
can then be forwarded and reviewed by the cli-
nician at a later time. Remote monitoring allows 
physicians to collect data from patients and ma-
nage chronic conditions. The application of same 
remote-controlled devices should be considered 
here. For example, contact lens that continuous-
ly monitor changes in intraocular pressure (156). 
Several other user-friendly applications can be 
used to test visual acuity, metamorphopsias, col-
or vision and pupil size (157-160). Even more 
complex tests have been proposed using hand-
held devices, including optical coherence to-
mography, fundus photographs and scanning la-
ser ophthalmoscopy (161-163). Even if some 
procedures are difficult to replicate at home, 
storage and forwarding of patient scans can sig-
nificantly reduce the examination time and limit 
exposure for treating physicians. This hybrid 
model can decrease the staff member required 
on site and conserve supplies (154).

The endpoint on this technology is that it can 
certainly assist clinical practice in several cases; 
however, it cannot completely replace in-person 
examination and consultation.

Additional measures
Some additional measures to be considered are 
also mentioned:

1) Urgent staff COVID-19 testing should be 
carried for all symptomatic workers instead of 
self-isolation for seven days.

2) Screening questionnaires can be distribu-
ted to any outpatient clinic. In fact, contacting 
patients before their appointments to ask for any 
suspicious symptoms can prove affective to re-
duce transmission risk on site.

3) Non-contact temperature check at clinic or 
hospital entrance

4) No visitors and a single relative to be al-
lowed to accompany patients

5) Scheduling appointments appropriately to 
avoid overlapping and crowding

6) Temperature monitoring in outpatient cli-
nics

7) Rostering the staff to avoid simultaneous 
exposure of all members to infected cases. q

CONCLUSIONS

Weighting for the risk of contracting 
COVID-19 should be considered with res-

pect to each patient. As a general rule, elective 
visits and surgeries should be postponed. Medi-
cal care should be prioritized for urgent cases, 
but without neglecting appropriate management 
for chronic cases that may result in adverse out-
comes.

 A triage procedure should be established to 
identify patients who should be urgently or 
emergently seen by the ophthalmologist versus 
those who may benefit from teleophthalmology 
may be safely rescheduled. q
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