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SIGNIFICANCE: This analysis and review demonstrate that, although emerging data indicate that the prevalence of
severe acute respiratory coronavirus 2 (SARS-CoV-2) on the ocular surface and coronavirus disease 2019
(COVID-19) conjunctivitis is rare, the ocular surface remains of interest as a potential inoculation and transmission
site for SARS-CoV-2. Continued safety precautions should be taken as more data become available.
COVID-19, caused by SARS-CoV-2, is a novel, global pandemic that has infected millions and, up to this point,
caused more than two million fatalities worldwide. The ocular surface has become of interest as a possible vector
for transmission by acting as a direct inoculation site, being a conduit for the virus into the respiratory system or as a
method of transmission from potentially infected conjunctiva or tears. The components necessary for SARS-CoV-2
to theoretically infect ocular tissues are present: binding receptors (angiotensin-converting enzyme 2 and cluster of
differentiation 147) and mechanisms for cell entry (transmembrane protease serine 2 and cathepsin L). This
meta-analysis of COVID-19 prevalence data indicates that SARS-CoV-2 RNA has been infrequently found
in conjunctival samples when tested with reverse transcriptase–polymerase chain reaction. This review estimates
the prevalence of SARS-CoV-2 on the ocular surface and prevalence of conjunctivitis in patients with laboratory-confirmed
COVID-19. There is much to be learned regarding ocular tropism of SARS-CoV-2.
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Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory coronavirus 2 (SARS-CoV-2), is currently a global pan-
demic that has, up to the point this article was submitted, infected
more than 94 million people worldwide and has been attributed to
more than 2 million fatalities according to Worldometer. The novel
virus was first identified in the province of Wuhan in China in
December 2019. Coronaviruses belong to Coronaviridae, a family
of enveloped, positive-sense, single-stranded RNA viruses, and
are zoonotic, infecting birds and mammals. COVID-19 is pre-
sumed to spread by respiratory droplets and contact through
virus-infected fomites, although other transmission routes such as
aerosols and fecal-oral are being further studied. Like severe acute
respiratory syndrome coronavirus and Middle Eastern respiratory
syndrome coronavirus, SARS-CoV-2 is known to cause lower re-
spiratory tract infection, respiratory distress syndrome, and pneumo-
nia. Although originally believed to be primarily a respiratory disease,
recent data suggest that COVID-19 results in a prothrombotic state,
leading to arterial and venous thrombosis.1

The role of the eye and ocular system in COVID-19 is currently
under intensive study as a potential transmission site on account
of the natural exposure to potential airborne droplets and aerosols,
as well as the anatomical relationship to the respiratory tract. The oc-
ular surface may act as a direct inoculation site, a conduit for the vi-
rus into the respiratory system or as a method of transmission from
potentially infected conjunctiva or tears. There are a number of re-
ports of cases of conjunctivitis in COVID-19–positive patients, and
the current prevalence is investigated in this article.2–6 Further un-
derstanding of the ocular transmission of COVID-19 can guide eye
care providers in enhancing in-office safety for themselves and pa-
tients, as well as in mitigating disease spread to the general public.

GENOMICS/MORPHOLOGY

Coronaviruses, named for the crown-like spike proteins on the
viral surface seen on microscopy, are enveloped, positive-sense,
single-stranded RNA viruses with a 5′-terminal cap structure and
poly(a) sequence at the 3′, ranging in size from 26 to 32 kb,
making coronavirus the largest genome of known RNA viruses.
Phylogenetically, coronaviruses belong to the family Coronaviridae,
order Nidovirales, and are further categorized into four genera:
a-coronavirus, β-coronavirus, γ-coronavirus, and d-coronavirus.
Currently, only a-coronaviruses and β-coronaviruses are known
to cause human disease.7 Severe acute respiratory syndrome
coronavirus, Middle Eastern respiratory syndrome coronavirus,
and SARS-CoV-2 are all classified within the β-coronavirus
genera.

All human coronaviruses are zoonotic in origin. The novel coro-
navirus is likely to have originated in bats, which serve as a natural
reservoir for the virus.8 SARS-CoV-2, like other β-coronaviruses, en-
ters the host cell by binding to a host receptor via viral spike protein.
Angiotensin-converting enzyme 2 and, more recently, cluster of dif-
ferentiation 147 have been identified as important human receptors
for coronavirus along with transmembrane protease serine 2, which
is necessary for protein priming and entry.9,10 After interaction with
angiotensin-converting enzyme 2 or cluster of differentiation 147,
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the virus is endocytosed and cathepsin L must further cleave the
virus before it can fuse with the endosome membrane and re-
lease RNA into the cytosol.11 The glycoprotein of SARS-CoV-2
has been determined to bind to human angiotensin-converting en-
zyme 2 receptors with a 10- to 20-fold higher affinity than severe
acute respiratory syndrome coronavirus 1.12

A critical binding receptor of SARS-CoV-2, angiotensin-converting
enzyme 2, the first known human homolog of angiotensin-converting
enzyme, was discovered in 2000 to be a negative regulator of the
renin-angiotensin system that counterbalances angiotensin-converting
enzyme activity by catalyzing the conversion of angiotensin II to the
vasodilatory and antihypertrophic peptide angiotensin 1 to 7 and has
been determined to have a protective role in cardiovascular
disease.13–15 Cluster of differentiation 147, otherwise known as
basigin or EMMPRIN, is a type 1 transmembrane protein belonging
to the immunoglobulin superfamily.11 These key proteins, along
with transmembrane protease serine 2 and cathepsin L, have
been a focus of investigation for how COVID-19 infects
humans and treatment development.

VIRAL LOAD/VIRAL SHEDDING

A recent comprehensive meta-analysis has found the median
time of SARS-CoV-2 clearance from upper and lower respiratory
tract samples to be 3.5 and 6 days, respectively. The analysis
found no detectable live virus culture beyond 9 days of symptoms
despite high viral RNA loads. SARS-CoV-2 viral load seems to peak
in the upper respiratory tract within the first week of illness, making
affected patients most infectious in the first week of illness. This
review goes on to report that several studies have demonstrated
that viral load peaks during the prodromal phase of this illness, with
most studies showing faster viral clearance in asymptomatic indi-
viduals. However, as the data are limited for individuals who
are asymptomatic, further study is needed to understand the
role of transmission and degree of live virus shedding in these
asymptomatic individuals.16

CURRENT OCULAR IMPLICATIONS

COVID-19 is primarily known as a respiratory illness, but ocular,
gastrointestinal, and prothrombotic complications have also been
documented.1,5,17,18 The ocular surface has been of particular in-
terest in enhancing understanding of viral transmission because of
the eyes' natural exposure to droplets and aerosols, as well as easy
inoculation potential via direct or indirect touching of the eye and
face. The connection to the respiratory system via the nasolacrimal
drainage pathway also accentuates the ocular tissue's potential
role in serving as a conduit for respiratory infectivity. It has also the-
orized that COVID-19 can lead to hematogenous infection of the
lacrimal gland; however, this requires further study.19

A focus of the ocular surface is whether it is an environment
that could facilitate host cell entry. Angiotensin-converting en-
zyme 2 and transmembrane protease serine 2 have been found
in both the cornea and conjunctiva, although studies have found
conflicting degrees of expression of angiotensin-converting en-
zyme 2 within the conjunctival samples.13,20,21 Cathepsin L
and cluster of differentiation 147 have also been isolated in
the cornea and conjunctiva in moderate to high expression.11

Transmembrane protease serine 2 has been found to exist in the
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same corneal cells as angiotensin-converting enzyme 2, although
reported cases of COVID-19 keratitis have been very limited at this
point, whichmay be due to tear dynamics and its antimicrobial com-
pounds.22 More research is necessary to validate these results as
heterogeneity, or differences between other conjunctival cells not
sampled, as well as different receptors involved, cannot be ruled out.

The eyes and ancillary tissues serving as a conduit for viral transmis-
sion to the respiratory system continue to be of concern. In a pivotal
study by Deng et al.,23 two rhesus monkeys were inoculated with
SARS-CoV-2 via the conjunctiva, whereas another rhesus was inocu-
lated via the intratracheal route and other via the intragastric route.
Investigation revealedmild interstitial pneumonia confirmed via radiog-
raphy and post-mortem immunohistochemistry in themacaques inocu-
lated via conjunctiva. The researchers were able to detect viral load in
nasal and throat swabs from 1 to 7 days after conjunctival inocula-
tion. Viral load was also present in conjunctival swabs of mon-
keys inoculated only via conjunctiva and for solely 1 day
post-inoculation before becoming undetectable, demonstrat-
ing virus migration from the conjunctiva to the respiratory
tract.23

At the time this article was written, the prevalence of conjunctivi-
tis in COVID-19 remains controversial, with data ranging from 0.9 to
36%.5,24 Although no cases of severe acute respiratory syndrome
coronavirus–confirmed conjunctivitis could be found with literature
review, severe acute respiratory syndrome coronavirus RNA has
been isolated in tears.25 This is paradoxical because the other
β-coronaviruses are known to also bind to host cells via S-protein
and angiotensin-converting enzyme 2 receptor, pointing to the possi-
bility of greater infectivity of SARS-CoV-2. Hui et al.26 isolated
SARS-CoV-2 from nasopharyngeal aspirate and throat swab of a pa-
tient with confirmed COVID-19 and demonstrated conjunctival tro-
pism using ex vivo cultures of human conjunctiva with controls, as
well as compared it with tropism of severe acute respiratory syndrome
coronavirus. Immunohistochemical staining showed the ex vivo
conjunctiva infection and viral replication, but more extensively
by SARS-CoV-2 than severe acute respiratory syndrome coronavi-
rus, supporting the conjunctiva as an inoculation site.26

Signs of COVID-19 conjunctivitis have included mild hyperemia,
follicular reaction of the palpebral conjunctiva, chemosis, epiphora,
watery discharge, and eyelid edema.27 COVID-19–associated con-
junctivitis has been documented to be both unilateral and bilateral.
A cross-sectional study by Güemes-Villahoz et al.28 found that 54%
of cases were unilateral, a striking comparison with adenoviral
conjunctivitis, which has a propensity to be sequentially bilateral.
Curiously, the study by Güemes-Villahoz et al.28 did not document
any petechiae or subconjunctival hemorrhages in their 35 conjunc-
tivitis cases, which is interesting on account of the vascular or
thrombotic complications reported with the virus. No membranes
or pseudomembranes have been documented in the literature
up to this point, but there is one case of a nasopharyngeal reverse
transcriptase–polymerase chain reaction COVID-19–positive pa-
tient who developed keratoconjunctivitis.28,29

ANALYSES OF CONJUNCTIVAL VIRAL
RNA/CONJUNCTIVITIS

A full literature search using the PubMed database identified seven
clinical studies to include in this review. Although many samples have
been collected, SARS-CoV-2 RNA has been infrequently isolated
in conjunctivae and tears using reverse transcriptase–polymerase
1; Vol 98(5) 430
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chain reaction, and up to this point, live virus has not been isolated via
conjunctival cell culture. Conjunctival swabswere analyzedwith reverse
transcriptase–polymerase chain reaction of 67 patients, with 63 of
those patients having laboratory-confirmed SARS-CoV-2 pneumonia
and 4 having suspected SARS-CoV-2 pneumonia. Only one patient
had a positive conjunctival reverse transcriptase–polymerase chain
reaction result, and no patients had ocular symptoms.30 Xia et al.2

studied conjunctival and tear swabs of 30 laboratory-confirmed
COVID-19 patients, 21 with common type COVID-19 and 9 with
severe type COVID-19. They found only one positive conjunctival
reverse transcriptase–polymerase chain reaction in one common-
type patient who also had the study's only case of conjunctivitis.
All other patient conjunctival swabs were negative. Xie et al.31 swabbed
the ocular surface of 33 patients without any ocular manifestations and
found 2 strong positives on conjunctival swabs taken 7 days after diag-
nosis of COVID-19 by analysis of nasopharyngeal swabs with reverse
transcriptase–polymerase chain reaction. Of a total of 121 patients
managed in theRenninHospital ofWuhanUniversitywho received con-
junctival swabs, only 3 (2.5%) were positive for SARS-CoV-2 detec-
tion.3 In a cross-sectional study by Zhang et al.,4 only two patients
with conjunctivitis with laboratory-confirmed COVID-19 were identi-
fied. Of the two conjunctivitis patients, only one was found to have
SARS-CoV-2 RNA fragments on reverse transcriptase–polymerase
chain reaction analysis of ocular swab, indicating low likelihood
but potential of infection through the ocular surface.4 A retrospective
study out of a hospital center in Hubei Province, China, found that,
of 28 laboratory-confirmed COVID-19 cases, 2 patients (5.2%) also
yielded reverse transcriptase–polymerase chain reaction–positive
conjunctival swabs.5 Hong et al.6 assessed the medical records of
56 laboratory-positive COVID-19 patients and found that 2 had de-
veloped conjunctivitis and only 1 had a positive conjunctival reverse
transcriptase–polymerase chain reaction.
TABLE 1.Meta-analysis of positive conjunctival RT-PCR results and conjunc

N = total
patient sample

N1 patients with
laboratory-confirmed

COVID-19*
No. positive co

RT-PCR in total pa

Zhou et al.30 67 63 1

Xia et al.2 30 30 1

Xie et al.31 33 33 2

Zhou et al.3 121 121 3

Zhang et al.4 102 72 2

Wu et al.5 38 28 2

Hong et al.6 56 56 1

No. conjunctivitis cases in total
patient sample

% of Total patient sample wi
conjunctivitis (%)

Zhou et al.30 0 0

Xia et al.2 1 3.3

Xie et al.31 0 0

Zhou et al.3 8 6.6

Zhang et al.4 2 2.0

Wu et al.5 12 31.6

Hong et al.6 2 3.6

*Laboratory-confirmed COVID-19with RT-PCR technique of respiratory or bloo
scriptase–polymerase chain reaction.
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The prevalence of positive conjunctival reverse transcriptase–
polymerase chain reaction outcomes and conjunctivitis diagnoses in
the total study sample and in the cohort of only laboratory-confirmed
COVID-19 patients is modeled in Table 1. Estimated prevalence of
conjunctival reverse transcriptase–polymerase chain reaction results
positive for SARS-CoV-2 RNA in patients with respiratory laboratory-
confirmedCOVID-19 is provided in Table2. Aplot of the data fromTa-
ble 2 is provided in Fig. 1. Table 3 displays estimated prevalence of
conjunctivitis in patients with COVID-19 confirmed by respiratory or
blood sample reverse transcriptase–polymerase chain reaction. The
data from Table 3 are plotted in Fig. 2.

CASE REPORTS

There have been other anecdotal case reports of SARS-CoV-
2–related ocular findings. Hu et al.32 found SARS-CoV-2 RNA
via reverse transcriptase–polymerase chain reaction and next-
generation sequencing in the ocular swab of a COVID-19 patient with
nasolacrimal duct obstruction 2 weeks after the nasopharyngeal swab
became negative. Navel et al.33 documented a case of bilateral
pseudomembranous conjunctivitis in a hospitalized COVID-19 pa-
tient. However, the literature did not mention if the COVID-19 diag-
nosis was laboratory-confirmed and conjunctival swabs were
negative. Salducci and La Torre34 reported a case of severe viral con-
junctivitis in a respiratory reverse transcriptase–polymerase chain
reaction–positive patient on the Princess Diamond Cruise Ship
with no conjunctival swab performed. Daruich et al.35 reported a
patient with unilateral conjunctivitis diagnosed via telemedicine
evaluation who developed a severe headache and fever within
3 hours and then cough and severe dyspnea within 12 hours. The
patient's nasopharyngeal swab was positive for SARS-CoV-2
tivitis in patient with COVID-19

njunctival
tient sample

% of Total patient sample
with positive conjunctival

RT-PCR (%)

% of Lab-confirmed COVID-19
with positive conjunctival

RT-PCR (%)

1.5 1.6

3.3 3.3

6.1 6.1

2.5 2.5

2.0 2.8

5.3 7.1

1.8 1.8

th % of Lab-confirmed COVID-19 with
conjunctivitis (%)

No. positive conjunctival RT-PCR
with conjunctivitis

0 0

3.3 1

0 0

6.6 1

2.8 1

42.9 2

3.6 1

d sample. COVID-19 = coronavirus disease 2019; RT-PCR= reverse tran-
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TABLE 2. Estimation of prevalence of viral RNA in conjunctiva in
laboratory-confirmed COVID-19 patients

Studies
Estimated
prevalence 95% CI

(+)Conj. RT-PCR/total
lab-confirmed COVID-19*

Zhou
et al.30

0.016 (0.000–0.085) 1/63

Xia
et al.2

0.033 (0.001–0.172) 1/30

Xie
et al.31

0.061 (0.007–0.202) 2/33

Zhou
et al.3

0.025 (0.005–0.071) 3/121

Zhang
et al.4

0.028 (0.003–0.097) 2/72

Wu
et al.5

0.071 (0.009–0.235) 2/28

Hong
et al.6

0.018 (0.000–0.096) 1/56

Overall 0.030 (0.016–0.051) 12/403

*Number of positive conjunctival RT-PCR/number of COVID-19 pa-
tients laboratory confirmed with RT-PCR of respiratory or blood sam-
ples. CI = confidence interval; Conj. = conjunctivitis; COVID-19 =
coronavirus disease 2019; RT-PCR = reverse transcriptase–
polymerase chain reaction.
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RNA, demonstrating that conjunctivitis could be the first sign of
respiratory distress.35 Colavita et al.36 reported on a patient who
traveled from Wuhan, China, to Italy whose sputum was reverse
transcriptase–polymerase chain reaction positive for SARS-CoV-
2. An ocular swab was taken 3 days after hospital admission
because of persistent conjunctivitis, and there was positive
SARS-CoV-2 detection up to day 21 of illness with daily decline
of concentration. Viral replication was also confirmed by real-time
FIGURE 1. Plot of prevalence of positive conjunctival RT-PCR in laboratory-co
PCR = reverse transcriptase–polymerase chain reaction.
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reverse transcriptase–polymerase chain reaction on RNA purified
from spent cell growth medium, indicating ocular secretions may con-
tain infectious virus.36 Chien et al.37 reported a 30-year-old patient with
confirmed COVID-19 who developed bilateral SARS-CoV-2 follicular
conjunctivitis confirmed with reverse transcriptase–polymerase chain
reaction on day 13 of illness. Conjunctival reverse transcriptase–
polymerase chain reaction remained positive until day 19. Scalinci
andBattagliola38 reported five cases of conjunctivitis that were followed
by laboratory-confirmed COVID-19 with none ever experiencing fever,
malaise, or respiratory symptoms, concluding that conjunctivitis was
the only presenting sign of COVID-19. Cheema et al.29 reported a case
of keratoconjunctivitis in a 29-year-old patient with no other comorbid-
ities. The patient developed ocular hyperemia in one eye, along with
rhinorrhea, cough, and nasal congestion. Upon evaluation, the
patient had subepithelial infiltrates with overlying epithelial de-
fects along with a possible pseudodendrite. A nasopharyngeal
swab 5 days later was positive for SARS-CoV-2 through reverse
transcriptase–polymerase chain reaction, and retrospective testing
of the patient's bacterial conjunctival swab revealed a weakly pos-
itive reverse transcriptase–polymerase chain reaction result (37 cy-
cles for the conjunctival swab versus 23 to 25 cycles for the
nasopharyngeal swab).29 The case reports described are summa-
rized in Table 4.

POTENTIAL FOR POSTERIOR OCULAR DISEASE

Up to this point, human coronaviruses have not been found to
be the cause of ocular disease beyond potentially conjunctivitis.
However, the possibility of the implication of coronaviruses inmore
posterior, sight-threatening pathology cannot be ignored. Marinho
et al.39 analyzed 12 symptomatic patients. Four patients were
found to have subtle cotton wool spots and microhemorrhages
along the vascular arcades, representing the first possible docu-
mentation of COVID-19–associated retinal findings in humans,
although it is unclear if there were any comorbidities that would
nfirmed COVID-19 patients. COVID-19 = coronavirus disease 2019; RT-
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TABLE 3. Estimation of prevalence of conjunctivitis in
laboratory-confirmed COVID-19 patients

Studies
Estimated
prevalence 95% CI

No. conjunctivitis cases/total
lab-confirmed COVID-19*

Zhou
et al.30

0.000 (0.000–0.057) 0/63

Xia
et al.2

0.033 (0.001–0.172) 1/30

Xie
et al.31

0.000 (0.000–0.106) 0/33

Zhou
et al.3

0.067 (0.029–0.126) 8/121

Zhang
et al.4

0.028 (0.003–0.097) 2/72

Wu
et al.5

0.429 (0.245–0.628) 12/28

Hong
et al.6

0.036 (0.004–0.123) 2/56

Overall 0.062 (0.041–0.090) 25/403

*Number of cases of conjunctivitis/number of COVID-19 patients lab-
oratory confirmed with RT-PCR of respiratory or blood samples. CI =
confidence interval; COVID-19 = coronavirus disease 2019; RT-PCR =
reverse transcriptase–polymerase chain reaction.
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have confounded the findings.39 Pirraglia et al.40 studied 43 pa-
tients with severe COVID-19 and found no retinal manifestations
with exception of 1 patient with an opportunistic unilateral poste-
rior chorioretinitis whose aqueous tap was SARS-CoV-2 negative.
Another publication by Invernizzi et al.41 found that the diameter
of retinal arteries and veins were larger in COVID-19 subjects than
unexposed subjects, and the retinal vein diameter directly corre-
lated with COVID-19 disease severity using funduscopy 30 days af-
ter symptom onset. It is unclear whether the vascular response is
secondary to the virus itself or immune response of the host.41
FIGURE 2. Plot of prevalence of conjunctivitis diagnoses in laboratory-confirm
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The feline coronavirus (an a-coronavirus), which infects wild
and domestic cats, is classified into two biotypes: Feline enteric
coronavirus and feline infectious peritonitis virus. Feline enteric
coronavirus is mostly benign, affecting the majority of the feline
population, whereas feline infectious peritonitis virus has poor
prognosis. Feline infectious peritonitis virus results in wide-
spread vasculitis and inflammation of various ocular segments
with ocular manifestations including granulomatous anterior
uveitis and choroiditis, with retinal detachment and retinal vas-
culitis.19,39 The murine coronavirus mouse hepatitis virus is divided
into two biotypes, with one mainly affecting the gastrointestinal
tract and the other containing strains that affect various organ
systems including the central nervous system and the hepatic
and pulmonary systems. Strains of mouse hepatitis virus have
been found to infect glial cells, astrocytes, oligodendrocytes,
and microglia. Posterior ocular infection has led to the develop-
ment of murine models for study of retinal degeneration or ex-
perimental coronavirus retinopathy used to examine genetic
and host immune responses that can lead to retinal disease. An-
other strain has been used to create models of virus-induced op-
tic neuritis for study of the theory of a viral etiology of multiple
sclerosis.19,42–44
DISCUSSION

Up to this point, conjunctivitis can be considered an uncommon
manifestation of COVID-19 with a prevalence estimation of 6.2%
(95% confidence interval, 4.1 to 9.0%) using binomial calculation
from the review of literature conducted with PubMed search (Table 1,
Table 3, Fig. 2). This estimation was calculated considering
only COVID-19 cases confirmed by either respiratory or blood
specimen reverse transcriptase–polymerase chain reaction. This
analysis does have its limitations. The studies included were
homogenous in terms of testing techniques, although most did
not indicate total cycle threshold to determine positive reverse
transcriptase–polymerase chain reaction, and Xia et al.2 and
ed COVID-19 patients. COVID-19 = coronavirus disease 2019.

1; Vol 98(5) 433

thorized reproduction of this article is prohibited.



TABLE 4. Ocular COVID-19 case reports summarized

Hu et al.32 (+)Conjunctival RT-PCR in eye with nasolacrimal
duct obstruction

Navel et al.33 Case of bilateral pseudomembranous conjunctivitis
in COVID-19 patient unclear whether COVID-19
laboratory confirmed; conjunctival RT-PCR negative

Salducci and
La Torre34

Severe conjunctivitis in laboratory-confirmed
COVID-19 patient on Princess Diamond Cruise
Ship; conjunctival swab not performed

Daruich et al.35 Unilateral conjunctivitis diagnosed via telemedicine
evaluation and development of headache within
3 h and cough/severe dyspnea within 12 h;
laboratory-confirmed COVID-19

Colavita et al.36 Persistent conjunctivitis with (+)conjunctival RT-PCR
in laboratory-confirmed COVID-19 patient; viral
replication confirmed by real-time RT-PCR on RNA
purified from spent cell growth medium

Chien et al.37 (+)Conjunctival RT-PCR with bilateral conjunctivitis
on day 13 of illness with RT-PCR remaining (+)
until day 19

Scalinci and
Battagliola38

Five cases of conjunctivitis in laboratory-confirmed
COVID-19 patients who never developed fever,
malaise, or respiratory problems; no conjunctival
swab performed

Cheema et al.29 Unilateral keratoconjunctivitis with faint conjunctival
RT-PCR positive in nasopharyngeal
RT-PCR (+) patient.

COVID-19 = coronavirus disease 2019; RT-PCR = reverse transcriptase–
polymerase chain reaction.
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Zhou et al.30 reported a difference of 40 cycles and 45 cycles,
respectively. The variance in threshold in determining positivity
of infection may have skewed the data results in either a positive
or negative direction. There may be publication bias because
studies included were only from a systematic review of PubMed
literature. The authors assume that infectivity was from the same
strain of COVID-19 virus on account of the time frame and
geography. Misdiagnosis of an opportunistic conjunctival infection
is a possible confounder that could lead to an overestimation of
COVID-19 conjunctivitis prevalence. Only laboratory-positive
COVID-19 diagnoses were used to estimate prevalence, but
including all suspected or solely clinically diagnosed cases would
have driven the prevalence down further. Greater sample sizes
need to be studied to validate this conclusion. Although this
analysis did not stratify prevalence of conjunctivitis within levels
of COVID-19 disease severity, a meta-analysis by Lofreddo
et al.45 did find that the rate of conjunctivitis was 3 and 0.7% in
severe and nonsevere cases, respectively.

Albeit conjunctivitis is not a common manifestation, clinicians
should continue to obtain thorough review of systems and consider
noncontact screening for fever. Proper education on frequent
handwashing to prevent transmission should still be provided fol-
lowing the pattern of any viral conjunctivitis. Clinicians should be
aware of the uncommon but benign conjunctivitis that has been as-
sociated with COVID-19 to provide concerned patients palliative
recommendations including cool compresses and artificial tears
using telemedical strategies.

The report by Scalinci and Battagliola38 of the cases of conjuncti-
vitis as the presenting and sole symptom of COVID-19 is concerning
www.optvissci.com Optom Vis Sci 202
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but anecdotal at this time. No conjunctival cell analysis was per-
formed, and it is possible that conjunctivitis was secondary to opportu-
nistic infection or general immune response from the respiratory
infection. Studies with larger population sizes providing conjunctival
and nasopharyngeal swab reverse transcriptase–polymerase chain re-
action assessment for cases of viral conjunctivitis would be helpful to
capture a more accurate understanding of COVID-19 conjunctivitis
prevalence and its relationship to respiratory illness. Hopefully, aswith
the previous SARS outbreak, the COVID-19 infection rate will be sig-
nificantly reduced before sufficient testing can be achieved.

The detection of SARS-CoV-2 RNA in the tears and conjunctiva
should heighten suspicion of the eyes as a possible transmission
site of the virus. However, detection of SARS-CoV-2 in ocular
samples also remains uncommon at an estimated 2.7% (95%
confidence interval, 1.4 to 4.8%) using binomial calculation
with review of literature (Table 1, Table 2, Fig. 1). Again, only
laboratory-confirmed diagnoses were used in calculation, so
the prevalence is likely overestimated. The rarity of positive
ocular testing may simply be too low of a viral load for reverse
transcriptase–polymerase chain reaction detection or patients
are being sampled at an inopportune time in the course of
their disease. False negatives may also occur because of
mutations of the SARS-CoV-2 genome or poor collection,
transportation, or handling.

Another consideration is the expression of SARS-CoV-2 receptors
on the ocular surface. This should continue to raise questions as to
whether, like feline and murine coronaviruses, SARS-CoV-2 can
enter the body through the eyes, but, at this time, there is no
evidence to support this theory. The low expression of both
angiotensin-converting enzyme 2 and transmembrane protease
serine 2 found in prior studies may also be the justification for
the limited prevalence of COVID-19 ocular pathology and discredit
the eye as a direct inoculation site.13,20 The demonstration of
SARS-CoV-2 tropism in donor conjunctiva by Hui et al.26 does sup-
port possible conjunctival infection; however, the eye's excellent
defenses of a turbulent tear layer, antimicrobial proteins, and im-
munoglobulins may not make this likely in an in vivo scenario.

To the best of the authors' knowledge, there has not been a pos-
itive reverse transcriptase–polymerase chain reaction conjunctival
swab without a positive nasopharyngeal swab. This suggests that
rather than the ocular surface serving as a direct inoculation site
for SARS-CoV-2, the nasolacrimal duct may act as a conduit for
the virus into the respiratory system. The nasolacrimal transmission
pathway is also supported by the rhesus macaque study by Deng
et al.23 in which direct conjunctival inoculation led to nasopha-
ryngeal SARS-CoV-2 RNA detection and development of mild in-
terstitial pneumonia. There was viral RNA detection in the
conjunctiva only 1 day post-inoculation and in the throat 1 to
7 days post-inoculation. It is unclear whether the 1 � 10,651
TCID50 of SARS-CoV-2 inoculation dose could be authenticated
in real-world environment.23

These analysis and review were conducted based on data from
experimental studies on an adult cohort performed in Asia. These
are the data that were available at the time of this research on ac-
count of COVID-19 first spreading through China. It will be interest-
ing to see if the prevalence of SARS-CoV-2 on the ocular surface
and prevalence of COVID-19 conjunctivitis remain comparable
with the data gathered in the western hemisphere. Scientific evi-
dence of the role of the conjunctiva in COVID-19 is rapidly evolving.
Future review should also control for patient use of ocular drops,
contact lenses, or even punctal plugs, as each may have influence
1; Vol 98(5) 434
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over conjunctival swab outcomes and prevalence values. More re-
search is needed as to whether these factors influence tropism.

The isolation of SARS-CoV-2 RNA from the ocular surface illus-
trates the importance of frequent handwashing, wearing of dispos-
able gloves, and donning proper personal protective equipment
while in close patient contact in a clinical setting to avoid viral
transmission. Physical distancing should be observed in patient
waiting areas. The emerging evidence of ocular transmission via
the nasolacrimal duct accentuated by the aerosol transmission
route should caution eye care providers to consider the use of gog-
gles and face shields given the amount of time spent in close patient
proximity during eye examinations. Talking should also be limited
during slit-lamp examination, and protective slit-lamp screens
should be used to minimize risk of droplet transmission. Hand hy-
giene for the general public must continue to be emphasized. Risk
and benefit of ocular examination and therefore patient exposure
should be carefully assessed individually for each patient.

Tonometry techniques resulting in aerosolization of particles in-
cluding air-puff tonometry and pneumotonometry should be
avoided; instead, eye care providers should opt for other readily
available tonometry instruments such as Goldmann, iCare, or
Tono-Pen. Although sodium hypochlorite is a likely disinfectant
for prisms, disposable prisms are recommended when performing
Goldmann applanation tonometry when possible.46 Equipment
and surfaces should be disinfected with a virucidal agent in be-
tween each patient examination.

The presence of SARS-CoV-2 RNA swabbed from conjunc-
tiva and cases of conjunctivitis with laboratory-confirmed COVID-19
cases certainly supports the role of the eye as either a direct inoculation
site or conduit for SARS-CoV-2 to the respiratory system.At the time this
article was written, live SARS-CoV-2 has not been able to be isolated
from human conjunctiva; therefore, true conjunctival infectivity has
not been proven. COVID-19 conjunctivitis can be considered as an
uncommon manifestation at this time. SARS-CoV-2 RNA has been
detected in tears and conjunctiva, although the prevalence is also low.
The low prevalence of positive conjunctival reverse transcriptase–
polymerase chain reaction in the presence of conjunctivitis may
also indicate other modes of ocular inflammation such as ocular
www.optvissci.com Optom Vis Sci 202

Copyright © American Academy of Optometry. Unau
dryness or secondary infection within the hospital setting, fur-
ther reducing true prevalence measures. More research is
needed to understand SARS-CoV-2 to host binding and ocular
tropism.

TAKEAWAY POINTS

• Angiotensin-converting enzyme 2 and cluster of differentiation
147, SARS-CoV-2binding receptors, alongwith critical proteins trans-
membrane protease serine 2 and cathepsin L have been isolated in
cornea and conjunctiva, although degrees of expression have been
variable in research supporting possibility of direct ocular inoculation.
Other receptors could also be involved in SARS-CoV-2 infectivity.

• The lacrimal system serving as a conduit to the respiratory
system is also a concern. Researchers have detected SARS-
CoV-2 RNA in nasal and throat swabs after conjunctival inocula-
tion of rhesus monkeys.23

•Conjunctival tropism has been demonstrated using ex vivo cul-
tures of human conjunctiva using SARS-CoV-2 isolated from naso-
pharyngeal aspirate.26

• Up to this point, human coronaviruses have not been found to
be the cause of ocular disease beyond potentially conjunctivitis. Al-
though research of coronavirus' implication in retinal pathology is
ongoing.

• Up to this point, conjunctivitis can be considered an uncom-
mon manifestation of COVID-19 with prevalence estimation of
6.2% (95% confidence interval, 4.1 to 9.0%).

• Detection of SARS-CoV-2 in tears and conjunctival is also un-
common occurring at 2.7% (95% confidence interval, 1.4 to
4.8%); however, this should highlight suspicion of the eye as a pos-
sible transmission site of virus and encourage eye care profes-
sionals to use appropriate precautions during examinations.

• To the best of the authors' knowledge, there has not been a
positive reverse transcriptase–polymerase chain reaction conjunc-
tival swab without a positive nasopharyngeal swab, further
supporting the lacrimal system's role as a conduit for the virus to
the respiratory system.
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