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Dear Editor,

The World Health Organization (WHO) has declared rapid
infection of the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) across the globe as a pandemic
on March 11, 2020. Although the main mode of SARS-CoV-2
transmission is predominantly respiratory, several studies
have suggested that exposure of unprotected eyes to the virus
may also cause novel coronavirus pneumonia (NCP) [1, 2]. In
agreement, a recent animal study also confirmed that ma-
caque’s conjunctiva inoculated with SARS-CoV-2 lead to
the development of mild interstitial pneumonia [3], implying
that ocular tissues and fluid may be a potential alternative
mode of SARS-CoV-2 transmission. So far, there have been
varying reports regarding the prevalence of ocular manifesta-
tions among COVID-19-infected patients [2, 4-9]. Hence, in
order to summarize the current evidence, a meta-analysis was
conducted to estimate the prevalence of ocular manifestations
among COVID-19-infected patients. In addition, the diagnos-
tic value of ocular tissue/fluid in detecting SARS-CoV-2 was
also evaluated.

A comprehensive literature search was conducted from
PubMed, Scopus, Web of Science, and Google scholar.
Keywords such as “ocular/eye/ophthalmology,” “coronavirus
2019/COVID-19,” “2019-nCoV,” and “SARS-CoV-2” were
used singularly or in combination without applying language
restriction and dated up to April 4, 2020. Criteria of studies
included in this meta-analysis were (1) observational studies that
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reported ocular symptoms among COVID-19-infected patients
and (2) comparing diagnostic outcomes between ocular tissue
and fluid (conjunctival swab/tears) and nasopharyngeal swab or
sputum in detecting SARS-CoV-2 by polymerase chain reaction
(PCR) analysis. Seven studies were included in this meta-
analysis [2, 4-9]. Prevalence estimates of ocular manifestations
were calculated from six studies [2, 4, 5, 7-9] (Table 1).
Heterogeneity was evaluated with the /7 statistic, in which an
P value over 50% was considered an indicator of substantial
heterogeneity. If heterogeneity existed, the random-effects model
was then used; otherwise, the fixed-effects model was applied. A
funnel plot and Begg’s test were used to investigate the publica-
tion bias if the pooled effect size consisted of 10 or more studies.
The value of 0.05 was indicative of the statistical significance.

The prevalence of ocular manifestations among COVID-
19-infected patients ranged from 2 to 32%. The random-
effects model was used due to heterogeneity (*=69.62%,
p=0.006). The overall pooled prevalence of ocular manifes-
tations among COVID-19-infected patients was 5.5% (42/735
subjects, 95% CI 1.6-9.4%; Fig. 1). The pooled sensitivity
and specificity were calculated from six studies [2, 4-7, 9].
Although the pooled specificity was high (100%, 95% CI 0—
100), the pooled sensitivity of ocular tissue/fluid in detecting
SARS-CoV-2 was very low (0.6%, 95% CI 0.1-5.1) in com-
parison with standard sample collection from nasopharyngeal
swab/sputum (Table 1).

Therefore, in this current analysis, we emphasize that ocu-
lar symptoms have relatively low prevalence among COVID-
19-infected patients. Interestingly, it seems that the ophthalmic
manifestations appear to be associated with the disease sever-
ity of COVID-19 [5, 8]. And although ocular tissue/fluid is
useable for SARS-CoV-2 detection, the procedure may not be
useful for diagnostic purposes in the clinical setting. Despite
the findings, ocular transmission of SARS-CoV-2 remains a
crucial issue that requires vigilance of protecting the ocular
surface and by wearing protective equipment during ophthal-
mic examination and handling of ocular fluids by the physi-
cian or health care worker.
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Table 1 Characteristics of included study in this meta-analysis
Study Location No. of cases Women (%) Age Ocular symptoms PCR SARS-CoV-2
Yes No CS/tears NP/sputum
Chen et al. [8] China 534 NR 40/50 (mean) 25 509 NR 371
Deng et al. [6] China 114 54 61.4 (mean) NR 114 0 90
Jun et al. [4] Singapore 17 NR NR 1 16 0 17
Wu et al. [5] China 38 34 68 (median) 12 26 2 11
Xia et al. [7] China 30 30 54.5 (mean) 1 29 0 29
Xu et al. [9] China 14 50 48 (mean) 1 13 0 14
Zhang et al. [2] China 102 50 57.63 (mean) 2 100 1 72
CS, conjunctival swab; NP, nasopharyngeal swab; NR, not reported; PCR, polymerase chain reaction
Studies Estimate (95% C.I.) Ev/Trt 1
Chen et al 0.047 (0.029, 0.065) 25/534 E
Junetal 0.059 (0.000, 0.171) 1/17 =
Wu et al 0.316 (0.168, 0.464) 12/38 ; =
Xia et al 0.033 (0.000, 0.098) 1/30 —M———
Xu et al 0.071 (0.000, 0.206) 1/14 —u
Zhang et al 0.020 (0.000, 0.047) 27102 ——
Overall (1"2=69.62 % , P=0.006) 0.055 (0.016, 0.094) 42/735 =i
I ‘ T T T 1
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Fig. 1 Forest plot of the 6 studies estimating the pooled prevalence of ocular manifestations among COVID-19-infected patients

Compliance with ethical standards 5.
Conflict of interest The authors declare that they have no conflict of
interest.

6.
References

7.

Wu P, Duan F, Luo C, Liu Q, Qu X, Liang L et al (2020)
Characteristics of ocular findings of patients with coronavirus dis-
ease 2019 (COVID-19) in Hubei province, China. JAMA
Ophthalmol. https://doi.org/10.1001/jamaophthalmol.2020.1291
Deng C, Yang Y, Chen H, Chen W, Chen Z, Ma K, et al Ocular
detection of SARS-CoV-2 in 114 cases of COVID-19 pneumonia
in Wuhan, China: an observational study (2/19/2020). https://doi.
org/10.2139/ssrm.3543587

Xia J, Tong J, Liu M, Shen Y, Guo D (2020) Evaluation of corona-

Lu CW, Liu XF, Jia ZF (2020) 2019-nCoV transmission through the
ocular surface must not be ignored. Lancet 395(10224):e39. https:/
doi.org/10.1016/S0140-6736(20)30313-5

Zhang X, Chen X, Chen L, Deng C, Zou X, Liu W, et al The infec-
tion evidence of SARS-COV-2 in ocular surface: a single-center
cross-sectional study. MedRxiv. https://doi.org/10.1101/2020.02.26.
20027938

Deng W, Bao L, Gao H, Xiang Z, Qu Y, Song Z, et al Ocular con-
junctival inoculation of SARS-CoV-2 can cause mild COVID-19 in
rhesus macaques. MedRxiv. https://doi.org/10.1101/2020.03.13.
990036

Jun ISY, Anderson DE, Zheng Kang AE, Wang L-F, Rao P, Young
BE et al (2020) Assessing viral shedding and infectivity of tears in
coronavirus disease 2019 (COVID-19) patients. Ophthalmology.
https://doi.org/10.1016/j.0phtha.2020.03.026

@ Springer

virus in tears and conjunctival secretions of patients with SARS-
CoV-2 infection. J Med Virol. https://doi.org/10.1002/jmv.25725

8. Chen L, Deng C, Chen X, Zhang X, Chen B, Yu H et al Ocular
manifestations and clinical characteristics of 534 cases of COVID-
19 in China: a cross-sectional study. MedRxiv. https://doi.org/10.
1101/2020.03.12.20034678

9. XulL, Zhang X, Song W, Sun B, Mu J, Wang B, et al. Conjunctival
polymerase chain reaction-tests of 2019 novel coronavirus in patients
in Shenyang, China. SSRN. Available at https://doi.org/10.2139/
ssrn.3543592

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1016/S0140-6736(20)30313-5
https://doi.org/10.1016/S0140-6736(20)30313-5
https://doi.org/10.1101/2020.02.26.20027938
https://doi.org/10.1101/2020.02.26.20027938
https://doi.org/10.1101/2020.03.13.990036
https://doi.org/10.1101/2020.03.13.990036
https://doi.org/10.1016/j.ophtha.2020.03.026
https://doi.org/10.1001/jamaophthalmol.2020.1291
https://doi.org/10.2139/ssrn.3543587
https://doi.org/10.2139/ssrn.3543587
https://doi.org/10.1002/jmv.25725
https://doi.org/10.1101/2020.03.12.20034678
https://doi.org/10.1101/2020.03.12.20034678
https://doi.org/10.2139/ssrn.3543592
https://doi.org/10.2139/ssrn.3543592

	The prevalence of ophthalmic manifestations in COVID-19 and the diagnostic value of ocular tissue/fluid
	References


