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Purpose: Studies have identified a wide range of ocular signs and symptoms in coronavirus
disease 2019 (COVID-19) patients; however, these studies were often conducted outside of
the United States. We aim to investigate the ocular manifestations of hospitalized COVID-19
patients at a tertiary care medical center in the United States.

Patients and Methods: A retrospective, cross-sectional study was conducted on indivi-
duals aged 18 and over who were hospitalized for COVID-19 between March 10, 2020 and
April 13, 2020. The electronic health record was reviewed for all patients, and a follow-up
phone survey was conducted on patients who were discharged home. Data on patient history,
physical exam, laboratory results, and hospital disposition were collected and analyzed.
Results: A total of 400 patients were included. The mean patient age was 61.7 years (SD
15.5) and 233 (58.3%) were males. Ocular signs and symptoms were noted in 38 (9.5%)
patients. The most common ocular abnormality was conjunctival injection, followed by
vision changes and ocular irritation. Among the 38 patients, 30 (79.0%) developed ocular
involvement prior to day 30 of onset of their COVID symptoms. Univariate analysis showed
that age, gender, ocular history, fever, mechanical ventilation, and increasing inflammatory
markers were not significantly associated with the presence or development of ocular
symptoms.

Conclusion: In this study, 9.5% of hospitalized COVID-19 patients exhibited ocular signs
and symptoms. Factors associated with severe systemic COVID-19 disease were not asso-
ciated with developing ocular abnormalities. The rate of ocular manifestations of COVID-19
should not be ignored, and thus physicians should routinely evaluate for ocular involvement
in hospitalized COVID-19 patients.

Keywords: COVID-19, conjunctivitis, ocular manifestations, ocular surface

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the pathogen
causing coronavirus disease 2019 (COVID-19), is primarily transmitted through
the contact of mucous membranes with infectious respiratory droplets. Recent
evidence suggests that ocular transmission is possible, as SARS-CoV-2 was
shown to replicate in conjunctival tissue and conjunctival secretions have tested
positive for SARS-CoV-2 RNA using reverse transcriptase-polymerase chain reac-
tion (RT-PCR)."™ Interestingly, there appears to be no direct correlation between
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ocular symptoms and the presence of virus in conjunctival
secretions, as patients with ocular manifestations can test
negative for conjunctival RT-PCR, and vice versa.”*>

Recent reports have suggested that ocular symptoms
may be an initial manifestation of COVID-19 infection,
highlighting the importance of understanding how
COVID-19 can affect the eyes.® The reported preva-
lence of ocular signs and symptoms in COVID-19
patients is variable, with a recent meta-analysis of three
studies showing that the overall rate of conjunctivitis is
1.1% in COVID-19 patients, with 3% and 0.7% in severe
and non-severe COVID-19 patients, respectively.” There
is additional evidence indicating that patients with ocular
involvement may have more severe disease.* Currently,
there are no studies that assess the ocular manifestations
of hospitalized COVID-19 patients at a tertiary care
medical center in the United States. It is important to
fully understand the signs and symptoms of the disease
and its modes of transmission in order to identify new
cases to decrease virus transmission. Thus, in this study,
we aim to investigate the ocular manifestations of hospi-
talized COVID-19 patients at a single tertiary care aca-
demic medical center in the United States.

Patients and Methods

This study was approved by the Institutional Review
Board at the University of Michigan. Patient consent
was obtained for all participants in the phone survey,
and patient consent was waived by the Institutional
Review Board for electronic medical record review
given its classification as secondary research for which
consent is not required. All patient-protected health infor-
mation remained confidential in this study. DataDirect,
a self-serve tool enabling access to clinical data was used
to search for all patients aged 18 and over who were
admitted to Michigan Medicine for COVID-19 between
March 10, 2020 and April 13, 2020. Patients were only
included if they had a positive nasopharyngeal PCR for
SARS-CoV-2 and if COVID-19 was the primary indica-
tion for admission. For each patient, two reviewers
extracted the following information from the electronic
health record: age, gender, date of birth, date of service,
length  of
medications, day of symptom onset, ocular symptoms,

stay, past ocular history, ocular
ocular physical exam, treatments for ocular symptoms,
ventilation status, and disposition. The ocular exam was
not performed by an ophthalmologist unless an ophthal-

mic evaluation was requested by the primary team, which

was rare. In addition, temperature, c-reactive protein
(CRP), D-dimer, ferritin, and absolute lymphocyte count
(ALC) were recorded when available. All patients who
were discharged home and were able to self-consent were
followed up with a phone survey by a designated study
team member. In the phone survey, patients were asked if
they experienced any eye symptoms such as red eyes, eye
discharge, eye swelling, or vision changes during the
course of their COVID-19 illness, the day of onset of
any ocular symptoms, and any treatments received.
Descriptive statistics were generated for the entire
study cohort and by status of having ocular signs and
symptoms during the course of COVID-19. Differences
between groups were assessed using the chi-square test
or Fisher exact test for categorical variables, and the
Wilcoxon rank-sum test for continuous variables.
Univariate logistic regression models were employed to
assess the associations between the outcome of developing
ocular symptoms and the factors of interest. Odds ratios,
95% confidence intervals, and p-values were reported.
A p-value <0.05 was used to indicate statistical signifi-
cance. All analyses were conducted using SAS 9.4 (SAS

Institute, Cary, NC, USA).

Results

A total of 400 patients were included in the study. The
mean age was 61.7 years old (SD 15.5) and 233 (58.3%)
were male (Table 1). The average hospital length of stay
was 15.1 days (SD 14.9). Seventy-seven (19.3%) patients
had prior ocular history documented in their medical
record, 259 (64.8%) patients experienced a fever during
their admission, and 157 (39.3%) patients required
mechanical ventilation. Two hundred and fifty-seven
(64.3%) patients were discharged home, 71 (17.8%) were
discharged to a rehabilitation facility, and 72 (18.0%) were
transitioned into hospice care or passed away. Following
discharge, 234 (58.5%) patients were called, and 113
(28.3%) patients consented to participate in the phone
survey.

Based on electronic health record review alone, 19
patients exhibited ocular signs and symptoms. An addi-
tional 19 patients from the phone survey reported ocular
abnormalities that were not documented in the electronic
health record, including floaters and vision changes,
among others. In total, 38 (9.5%) patients exhibited ocular
signs and symptoms in this study. Among the 38 patients,
30 (79.0%) developed ocular abnormalities prior to day 30
of onset of COVID symptoms. Seven patients (18.4%)
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Table | Characteristics of Hospitalized Patients with COVID-19
Overall (N=400) With Ocular Symptoms n=38 No Ocular Symptoms n=362 P-value
Age, mean (SD), y 61.7 (15.5) 59.2 (16.0) 61.9 (15.4) 0.2529
Male, No. (%) 233 (58.3) 26 (68.4) 207 (57.2) 0.1814
Fever, No. (%) 259 (64.8) 29 (76.3) 230 (63.5) 0.1167
Prior ocular history, No. (%) 77 (19.3) I'1(29.0) 66 (18.2) o.1r10
Mechanical ventilation, No. (%) 157 (39.3) 18 (47.4) 139 (38.4) 0.2813
Disposition, No. (%)
Home 257 (64.3) 27 (71.1) 230 (63.5) 0.6249
Facility 71 (17.8) 6 (15.8) 65 (18.0)
Hospice/Deceased 72 (18.0) 5(13.2) 67 (18.5)
CRP? mg/dL 9.5 (5.7, 14.5) 9.6 (6.7, 14.5) 9.4 (5.6, 14.6) 0.5265
D-Dimer?, mg/L 1.8 (0.9, 5.3) 1.8 (1.0, 4.6) 1.8 (0.9, 5.3) 0.9919
Ferritin®, ng/mL 942.1 (435.9, 1499.4) | 777.4 (532.1, 1646.2) 944.7 (435.9, 1473.8) 0.9008
ALC?, K/uL I.1 (0.8, 1.5) 1.0 (0.8, 1.5) 1.1 (0.9, 1.5) 0.5400

Notes: *CRP, D-Dimer, Ferritin, and ALC shown as median (IQR). Comparison between the 2 groups was performed using the chi-square test or Fisher exact test for

categorical variables and the Wilcoxon rank-sum test for continuous variables.

Abbreviations: COVID-19, coronavirus disease 2019; SD, standard deviation; CRP, C-reactive protein; ALC, absolute lymphocyte count.

reported ocular symptoms as one of the initial manifesta-
tions of COVID-19, and on average, patients developed
ocular signs and symptoms on day 17 (SD 15) of onset of
COVID-19 symptoms. There was no difference in the age,
gender, presence of prior ocular history, fever during hos-
pitalization, mechanical ventilation, and inflammatory
marker levels between patients with and without ocular
signs and symptoms. The most common ocular abnorm-
ality was conjunctival injection, followed by vision
changes and ocular irritation (Table 2). Univariate analysis
revealed that age, gender, presence of prior ocular history,
fever during hospitalization, mechanical ventilation, and

increasing inflammatory markers were not significantly Signs and Symptoms With Ocular Symptoms (%)
associated with the presence or development of ocular Overall 38 (9.5)
symptoms (Table 3). A multivariable logistic regression Conjunctival injection I5 (39.5)
was not conducted as no covariate demonstrated

.. .. .. . .. Vision changes 9 (23.7)
a statistically significant association with univariate
analysis. Irritation 8 (21.1)

Discharge 7 (18.4)
Discussion ltching 3(7.9)
To our knowledge, this is the first study that investigates Scleral hemorrhage 2(53)
the ocular manifestations of hospitalized COVID-19
b

patients at a tertiary care academic medical center in Other 6 (158)

the United States. Prior published reports on the ocular

manifestations of COVID-19 patients have mostly

originated from Asia and Europe. Our study demon-
strates that 9.5% of hospitalized patients exhibited ocular
abnormalities. This rate is similar to a recent report of
127 COVID-19 cases from India, which found that
9.45% of patients had ocular complaints, although
patients from this study only had mild cases of COVID-
19.'° Similar to previous studies, common ocular mani-
festations in our cohort were signs and symptoms con-

sistent with conjunctivitis, such as conjunctival injection

Table 2 Distribution of Ocular Signs and Symptoms

Notes: “Some patients experienced more than one ocular sign and symptom.
®Other includes floaters, scleral edema, eye bubble, eyelid swelling, periorbital
edema, exposure keratopathy with corneal ulcer.
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Table 3 Univariate Analysis of Factors Associated with the
Presence of Ocular Symptoms

Odds Ratio (95%
Confidence Interval)

Age® 0.95 (0.85, 1.05)

Female 0.62 (0.30, 1.26)

Fever .85 (0.85, 4.03)

Prior ocular history 1.83 (0.86, 3.87)

Mechanical ventilation 1.44 (0.74, 2.83)

Disposition

Facility vs home 0.79 (0.31, 1.99)

Hospice/Deceased vs home 0.64 (0.24, 1.72)

CRP, mg/dL* 1.01 (0.96, 1.05)
D-Dimer, mg/L* 1.00 (0.95, 1.05)
Ferritin, ng/mL* 1.00 (0.93, 1.07)
ALC, K/ul? 1.01 (0.79, 1.31)

Notes: *Odds ratio estimate was calculated based on increase of 5-year increments
for age, | unit increments for CRP and D-Dimer, 250 unit increments for ferritin,
and 0.5 unit increments for ALC.

Abbreviations: CRP, C-reactive protein; ALC, absolute lymphocyte count.

and discharge. However, vision changes were also noted
to be a prominent symptom, found in 23.7% of patients
with ocular abnormalities. While the etiology of vision
changes was not elucidated due to limited electronic
record documentation and details from patient report,
possible mechanisms could include ocular surface

abnormalities or retinal pathology, as previously
reported.'!

In this study, we assessed whether there were signifi-
cant differences between patients with and without ocular
abnormalities. Previous studies have suggested that
patients with ocular symptoms have higher CRP and lym-
phocyte counts and were also more likely to be older and
have fever, suggesting that patients with ocular symptoms
were likely to have more severe COVID-19 disease.>'?
However, our cohort did not show this association. To
further address this question, we also used mechanical
ventilation and other inflammatory markers such as
D-dimer and ferritin as proxies for disease severity and
found no difference in these factors between patients with
and without ocular symptoms. The difference in the results
between our study and prior studies could be due to our

larger patient cohort, differences in COVID-19 severity,

and/or variations in data collection and patient setting, as
prior reports were mostly conducted with cohorts outside
of the United States.

In addition to comparing patients with and without
ocular symptoms, we also sought to determine whether
certain factors may be associated with the development
of ocular signs and symptoms in COVID-19. Our univari-
ate analysis demonstrated that demographic characteristics
such as age and gender did not increase the odds of
among COVID-19
patients. In addition, there was no association between

developing ocular abnormalities
the presence of ocular history and development of ocular
manifestations. We recognize that a variety of ocular
events can trigger the “prior ocular history” variable and
thus this is a variable that lacks specificity, which is
a limiting factor in its interpretation. Furthermore, markers
of disease severity such as fever, mechanical ventilation,
and increasing inflammatory markers were also not asso-
ciated with the development of ocular symptoms.

Our study provides novel insight into the onset of
ocular signs and symptoms in COVID-19 patients.
Of patients in our study, 18.4% reported that ocular signs
and symptoms were one of the initial manifestations of
their disease. On average, however, patients developed
ocular symptoms on day 17 of COVID-19 symptoms.
This is consistent with previous reports that suggest that
ocular symptoms can be the initial manifestation of
disease.'*"'® It is not surprising that there are ocular man-
ifestations of COVID-19, as research has identified the
presence of ACE2 and TMPRSS2 receptors, which the
SARS-CoV-2 virus uses to gain entry in tissues, in the
eye.'®!” In addition, there is growing evidence that SARS-
CoV-2 RNA can be isolated from ocular tissue, including
the conjunctiva, cornea, and vitreous.'® However, as our
study suggests, only a minority of patients with COVID-
19 exhibit ocular symptoms. This is likely due to the
presence of innate ocular protective mechanisms against
viral infections. The eye contains natural physiological and
anatomical factors, such as the presence of eyelashes,
which protect the eye from microdroplets carrying viral
particles.'” Nonetheless, these protective mechanisms are
not completely foolproof, and given the possible ocular
transmission of SARS-CoV-2, methods have been pro-
posed for ophthalmology practices to reduce possible
transmission.”’ > Thus, physicians caring for COVID-19
patients should remain vigilant regarding monitoring for

ocular signs and symptoms, as patients recovering from
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COVID-19 may also develop ocular symptoms that may
be related to SARS-CoV-2.

In this study, 50% (19) of the patients who developed
ocular signs and symptoms were captured through phone
call follow-up only, as these ocular abnormalities were not
documented in the electronic health record. It is possible
that physicians caring for hospitalized COVID-19 patients
may have missed these concerns during their evaluation.
When caring for COVID-19 patients, physicians may often
elect to conduct a focused history over the phone or
examine the patient from outside the room due to the
risk of transmission and the related need to conserve
personal protective equipment. However, emerging evi-
dence suggests that extrapulmonary manifestations of
COVID-19 are frequently encountered and should not be
ignored.”® While it is possible that the ocular history or
exam was conducted but not documented, complete doc-
umentation of the electronic health record should be
emphasized for the provision of comprehensive patient
care.

Our study has several limitations. First, the majority of
patients in the study were not examined by an ophthalmol-
ogist and documented ocular exams were most often per-
formed by emergency medicine, internal medicine, or
anesthesiology physicians. The patients included in the
study were admitted primarily for COVID-19, and the
secondary ocular symptoms as a result were rarely signifi-
cant enough to warrant ophthalmology consultation. Due
to concern for viral transmission and efforts to protect
healthcare workers, we reviewed the electronic health
records and contacted patients by phone to determine if
ocular manifestations were present as opposed to perform-
ing ocular exams when clinically not indicated. Due to this
limitation, it is likely that minor ophthalmic events were
missed or not reported given lack of detailed ophthalmic
exams. In order to maintain the integrity of the data, the
original descriptions of ocular abnormalities as documen-
ted and reported were unchanged. For example, scleral
hemorrhage was documented by non-ophthalmology pro-
viders in two patients (Table 2), which likely represented
subconjunctival hemorrhage. Similarly, scleral edema was
documented by a provider, which likely represented che-
mosis. As a retrospective study, a causal association can-
not be made between the presence of ocular symptoms and
COVID-19. One patient who was examined by an ophthal-
mologist was diagnosed with exposure keratopathy with
corneal ulcers, which likely was a result of critical illness
and prolonged intensive unit care stay, and not SARS-CoV

-2. However, our observations are clinically important and
suggest that in addition to direct ocular manifestations
caused by SARS-CoV-2, indirect ocular symptoms can
also occur in COVID-19 patients, warranting thorough
eye exams by providers. Our study was also subject to
selection bias, as we were only able to conduct follow-up
phone calls to patients who were discharged home. These
patients were likely to have less severe illness. It is possi-
ble that the rate of ocular manifestations may increase had
we been able to follow-up with more patients, as our study
suggests that electronic record review alone may be insuf-
ficient to capture all of the ocular signs and symptoms
experienced by patients. The patients included in the study
were hospitalized at a large academic tertiary care and
referral center, and thus our patient population differs
from those at a community or local hospital, potentially
limiting generalizability. Finally, the small number of
COVID-19 patients who demonstrated ocular signs and
symptoms (n=38) likely limited our power to detect asso-
ciations with factors of clinical relevance.

Conclusion

As the pandemic continues to affect the United States, it is
imperative for physicians and the general public alike to
understand the manifestations of COVID-19. Given pre-
vious detection of viral RNA in conjunctival secretions,
transmission of SARS-CoV-2 through ocular secretions
cannot be ignored. Overall, our results suggest that the
rate of ocular signs and symptoms of COVID-19 should
not be ignored, although factors associated with the devel-
opment of ocular signs and symptoms are still unclear.
Additional predictors of developing ocular symptoms
from COVID-19 remain to be identified in order to accu-
rately inform the public on the manifestations of the dis-
ease, as well as understand the need for ocular personal
protective equipment for our frontline healthcare workers.
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