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Abstract 

Background: Respiratory viruses have a tendency for ocular-tropism and SARS-CoV-2 is one of 

them. In this context, we have undertaken this systematic literature-review and metaanalysis 

for systemic evaluation of ocular symptoms of COVID-19. 

Material and Method: We have screened 14 literature databases applying key-words “Ocular”, 
“Ophthalmic”, “Conjunctiva”, “Cornea”, “Retina”, “Sclera”, “Uvea”, “2019-nCov”, “2019 novel 
corona virus”, “COVID-19”, “corona virus disease-2019”. Studies published till 26th April 2020 

were included. Studies conducted in COVID-19 population and reporting ocular ma infestations 

were included. Case reports, series, observational studies were included in the systematic 

review part, while only observational studies were included in the metaanalysis part. Pooled 

proportions were evaluated and reported along with 95% confidence interval. Heterogeneity 

was evaluated using I2 statistics and random or fixed-effect model was selected to evaluate the 

pooled proportions based upon presence of extent of heterogeneity.  

Result: A total of 14 studies (total 2259 patients) were included in our systematic-review and 

metaanalysis which reported occurrence of ocular symptoms in COVID-19. In our study, 

prevalence of conjunctivitis/red eye in COVID-19 was 2.8% (95% CI 1.3% to 4.2%, I2=72.41%). 

Conjunctivitis/red eye was the first symptom of COVID-19 in 1.08% of patients (95% CI 0.37% 

to 2.44%, I2=0%). Tear sample PCR positivity rate in COVID-19 was 2.6% (1.3% to 4.5%, I2=47%). 

However, among COVID-19 patients with conjunctivitis/red eye, the PCR positivity rate in tear 

sample was 20.6% (6/29 cases). Again, among patients who were positive for the virus in tear 

sample by PCR, the proportion of conjunctivitis/red eye was 33.3% (4/12 cases). We also 

evaluated the association between occurrence of ocular manifestations and disease severity 

(mild and moderate vs. severe and critical). The odds were 0.28 (95% CI 0.12-0.67, I2=0%). This 

highlights that the mild to moderate severity disease had significantly lower occurrence of the 

ocular symptoms compared to the severe and critical group. However, we couldn’t find any 
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association between tear sample PCR positivity and disease severity [odds ratio 0.46 (95% CI 0.06-3.45, I2=0%)].  

Conclusion: In patients with COVID-19, 2.8% of patients show ocular manifestation. However, among patients with ocular 

manifestation, only 20.6% cases showed tear/conjunctival swab RT-PCR positivity. So, ocular symptoms may warrant a COVID-

19 screening test during thie epidemic of COVID-19. 

 

Abbreviations: 

NCP: Novel Corona Virus Pneumonia; 2019-nCoV: 2019 Novel Corona Virus; IHC: Immuno Histo Chemistry, SARS-COV-2: 

Severe Acute Respiratory Virus-2 

 

Keywords: Ocular Manifestation; Ocular Complication; 2019-Ncov; 2019 Novel Corona Virus; COVID-19; Corona Virus Disease 

2019 
   

 

Introduction 

Many of the respiratory viruses e.g., rhino virus, respiratory syncytial virus, corona virus etc. shows ocular tropism [1]. The 

anterior most surface of the eye, i.e., conjunctiva serves as an inoculation-site for the SARS-CoV-2. The ocular surface may get 

exposed to the virus directly and may lead to a systemic disease state following exposure to the virus i.e., SARS-CoV2. The virus 

than moves subsequently through the NLD (Naso Lacrimal Duct) and this hypothesis is also supported by results from in-vitro 

and in-vivo studies. The eye serves as dual purpose of portal of entry and also as a site of replication for the virus [1-3]. Many 

cellular proteins e.g., α2-6-linked SA (present in trachea and nasal-mucosa), α2-3-linked SA (which serve as a link between upper 

respiratory tract and ocular tissue) and NLD express both, interaction site of diverse influenza viruses and adenovirus, CD46 

(adenovirus), desmoglein-2 (adenovirus), or the coxackie virus or adenovirus receptor (adenovirus), GD1a glycans (adenovirus), 

ACE2 (SARS-CoV) 1 and CD147 (SARS-CoV 2) [4]. These molecular links further help in the process of ocular tropism of the 

respiratory-viruses. 

 

The first point of contact between the SARS-CoV-2 and ACE2 receptor plays a major-role in the entry of the virus. The S1 protein 

plays a major role in the initial contact, which is followed by subsequent S2 mediated fusion and entry of the viral materials 

inside the cells [5,6]. The ACE2 receptors and TRPMRSS2 are already demonstrated in different parts of human eyes including 

cornea, conjunctiva and retina, vessels of retina and choroid [7-9]. Interestingly the expression of ACE2 was found to be higher 

among eyes of patients with glaucoma [10]. CD147 serves as an important role in host virus interactions and the presence of 

CD147 was well demonstrated by IHC studies in conjunctiva, cornea and retinal pigment epithelium [11]. Among patients with 

dry eye, CD147 expression in tear samples was higher [12]. 

 

The first documented ocular transmission of SARS-CoV-2 was noted by Chinese ophthalmologist Dr. Li Wenliang [13-15]. This 

observation was followed by many observational studies evaluating the ocular manifestation of COVID-19 infection [16-20]. In 

this context, we have conducted this systematic-review and meta-analysis to estimate the pooled estimate of proportions of 

patients showing of different ocular complications/symptoms in case of SARS-CoV 2. 

 

Objectives:  

1. Determination of prevalence of different ocular symptoms in COVID-19 patients 

2. Proportion of patients presenting conjunctivitis/red eye as first symptom of the disease 

3. Estimation of incidence of PCR positivity among conjunctival or tear samples 

4. PCR positivity among COVID-19 patients with conjunctivitis 

5. Proportion of PCR positive patients showing symptoms of conjunctivitis/red eye 

6. Relation of ocular manifestation with severity of disease 

 

Inclusion Criteria 

Published studies (From inception to 26th April 2020) reporting “ocular manifestation/complication of laboratory confirmed 
COVID-19” were included without language restriction in systematic review (case report and any types of studies) and 
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metaanalysis (only case series and studies). 

 

Database search: Three independent reviewers AB, HDK and SK searched the PubMed, Google Scholar, Cochrane Central 

Library, Wiley Online Library, Science Direct, Web-of-Science, OVID, Embase, Scopus, CINHAL PLUS, CNKI, SSRN, BioRixv 

and Medrixv using appropriate keywords used were: "Ocular", "Ophthalmic", “Ophthal*”, “Conjunctiva”, “Cornea’’, “Retina”, 
“Sclera”, “Uvea”, “2019-nCov”, 2019 “Novel corona virus”, “COVID-19” and “corona virus disease-2019”. Screening of relevant 

articles: AB and HDK screened the study titles, abstract and study-design, the full text of relevant articles were retrieved and 

evaluated as per inclusion/exclusion criteria. Any discrepancy raised during the process was resolved by discussing with PS and 

SK.PS and AB participated in data extraction from the included studies. 

 

Statistical Analysis  

“Medcalc statistical software” was used for the meta-analysis [21]. Pooled mean difference with 95% confidence interval was 

calculated in case of continuous data. In case of dichotomous data, risk-ratio was calculated. I2 was used a measure of statistical 

heterogeneity among the included studies. P˂0.05 considered as criteria for statistical threshold. 

 

Publication bias: Publication bias was evaluated by plotting the Funnel plot [22]. 

 

Risk of Bias Assessment 

“Newcastle Ottawa scale” (for cross sectional studies) was used for risk of bias of included studies [23]. “Risk of bias” was 
assessed under three domains i.e., selection, comparability and outcome. Overall quality of all the included studies was good. 

 

Results 

Details of the included studies: After screening 660 articles, following application of inclusion/exclusion criteria, a total of 14 

studies (total participants=855) are included in the systematic literature review and metaanalysis. Fig.1 and Table 1 represents 

the details of included studies.  

 

Prevalence of Ocular Complications/Symptoms 

Prevalence/Incidence of Conjunctivitis: Among the included studies, thirteen studies reported the ocular manifestations of COVID-

19. Conjunctivitis was reported among 2.8% of COVID-19 patients (95% C.I. 1.3 to 4.2%). As there was significant heterogeneity 

(72.41%), we used random effect model. Fig. 2 represents forest plot and the funnel plot for the same is showed in Suppl. Fig. 1. 

Other ocular symptoms/complications: Chen, et al., described in their study (n=534 patients in site 1 and n=271 in site 2) that, 

apart from conjunctivitis, other ocular symptoms of COVID 19 infection were congestion of conjunctiva (3.8-5.5%), increase 

conjunctival-secretion (8.9-10.6%), pain in eyes (2.6-5.7%), sensation of foreign body in the eyes (4.8-19%) and increased 

lacrimation (13.3%) [24]. However, among the patients with ocular manifestations, a high proportion of patients had concomitant 

dry eye (31.2%) and a significant proportion of patients had past-history of ocular disease (keratitis 4.2-4.8%, conjunctivitis 7.6% 

and xerophthalmia 1.1-8%). Other co-morbidity noted were cataract (6%), macular-disease, diabetic-retinopathy etc.  

 

Conjunctivitis as First Symptom of the Disease 

A total of 8 studies (487 patients) reported the patient-proportion presenting with conjunctivitis as the first-symptom (pooled 

proportion 1.08%, 95% C.I. 0.37- 2.44) of the disease which was followed by occurrence of systemic symptoms. We used data 

from fixed effect model in this case (I2=0%). Forest plot is showed in Figure 3 and funnel plot is showed in Supplementary Fig. 

2.  

 

PCR Positivity of Conjunctival/Tear Samples in COVID-19 Patients:  

A total of 11 studies (446 patients) evaluated the tear samples for detection of 2019-nCoV in patients with COVID-19. The pooled 

proportion of patients that showed tear positivity is 2.6% (95% C.I. 1.3-4.5). As statistical heterogeneity was moderate (I2=47.1%), 

fixed-effect model was used to estimate pooled-effect. Data showed in Figure 4. Funnel plot showing publication bias is showed 

in supplementary Fig. 3. 
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Proportion of Conjunctivitis/Red Eye Patients Showing Positive PCR 

A total of 13 studies, n =63 reported conjunctivitis cases in their study [24-35]. Study by Deng, et al. and Xie, et al., did not have 

any case of conjunctivitis/red eye [26,36]. Guan, et al., Mungmungpuntipantip and Chen did not test conjunctival swab test for 

2019-nCoV [24,31,32]. PCR testing in conjunctivitis/red eye cases (29 cases of conjunctivitis/red eye total). Among these 29 

conjunctivitis cases PCR for 2019-nCoV was positive in 6 cases (20.6%). However, we did not pool the results as the numbers of 

total cases were low. 

 

Proportion of Positive PCR Patients Showing Conjunctivitis/Red Eye 

A total of 10 studies, reported both PCR results for presence of SARS-CoV-2 and conjunctivitis cases [27-30,33,34]. A total of 12 

conjunctival/tear samples were positive for SARS-CoV-2 detection by RT-PCR. However, among these 12 cases only 4 cases had 

conjunctivitis (33.3%). 

 

Correlation of Conjunctivitis with Severity of COVID-19 Infection 

Regarding ocular manifestation, on comparing mild to moderate versus severe to critically ill patient (6 studies, OR=0.28, 95% 

CI 0.12 to 0.67) significant association was seen between ocular manifestation in “severe to critically ill patients” as compared to 
mild to moderate disease in COVID-19 patients (n=1070 in mild to severe group vs. n=302 in severe to critical group). Although 

I2 was low (0%), owing to the clinical heterogeneity among the included population, a random effect model was use (Fig. 5). 

However no-significant association was seen among two group with regard to conjunctival PCR positivity and disease severity 

(4 studies, OR=0.46, 95% CI 0.06 to 3.45) fixed effect model was used due to low heterogeneity among the included studies (I2=0%) 

(Fig. 6).  Non remitting conjunctivitis: Scalinci, et al., reported five cases presenting with non-remitting conjunctivitis as the sole 

symptom of the disease [37]. All the patients were found to be RT-PCR positive from nasopharyngeal swab. However, none of 

the patients were tested for conjunctival swab. 

 

Laboratory Parameters (Inflammatory Marker Vs. Ocular Manifestation in COVID-19) 

Wu, et al., reported that increased WBC and neutrophil count is linked with COVID-19 associated ocular-manifestations. 

Similarly, inflammatory markers like C reactive protein, pro-calcitonin and LDH (Lactate-Dehydrogenase) were significantly-

increased in patient having ocular-manifestation [28]. Risk-of-bias of the included-studies: Risk-of-bias is showed in Table 2. 

Over-all the quality of included-studies is good. 

 

 
Figure 1: Prisma-chart of included-studies. 
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Figure 2: Forest-plot showing pooled incidence/prevalence of conjunctivitis/red-eye among patients with COVID 19. 

 

 

 
Figure 3: Forest-plot showing pooled-proportion of patients with first presentation as conjunctivitis/red-eye among patients 

with COVID19. 
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Figure 4: Forest-plot showing pooled-proportion of PCR positivity in conjunctival/tear samples in COVID19 patients. 

 

 
Figure 5: Forest-plot showing association of ocular manifestation with disease severity of patient mild to moderate vs. severe to 

critical. 

 

 
Figure 6: Forest-plot showing association of conjunctival sample PCR positivity with disease severity of patient mild to 

moderate vs. severe to critical. 
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Study, 

Author 

Type of 

Study 

Location Patient 

Population 

Ophthalmic 

Manifestation 

Ophthalmic 

Interventions 

Other Findings Remarks 

1.Zhou 

et al, 

202044 

Retrospe

ctive 

cohort 

Wuhan, 

china 

N=67 

(63 laboratory 

confirmed+ 4 

suspected NCP 

patients) 

 

Conjunctivitis 

=1. 

 

No Among positive 

conjunctival 

samples, one 

didn’t use 
protective eye 

covering while 

dealing with 

patients. 

Doctors should use 

masks, goggles, 

protective clothing and 

gloves. 

 

2.Zhan

g et al, 

202035 

Cross-

sectional 

study 

Wuhan, 

China 

102 clinically 

diagnosed and 

72 laboratory 

confirmed 

COVID-19 

Conjunctivitis

= 2 

 

 

1st case: 

Gancyclovir 

ointment. 

- Conjunctivitis may 

represent as an initial 

sign of the disease 

3.Chen 

et al, 

202024 

Cross-

sectional 

study 

Wuhan-

china 

534 cases of 

COVID-19 

Conjunctival 

congestion= 

25 

conjunctival 

secretion=52 

Ophthammalg

ia=22 

foreign body 

Sensation=63 

Photophobia=

15 

Blurred 

vision= 68 

Tearing=55 

Itching=53 

Dry eye=112 

Topical 

ofloxacin, 

tobramycin, 

Gancyclovir 

and artificial 

tears 

- Provided in-depth 

results of all the ocular 

symptoms. 

4.Xia et 

al, 

202017 

Prospecti

ve 

intervent

ional 

case 

series 

Zhejiang, 

China. 

30 Laboratory 

confirmed NCP 

cases 

Severe= 9 

Common type = 

21 

 

Conjunctivitis

=1 

 

Not 

mentioned 

N.A. Low amount of tear or 

conjunctival samples 

may affect PCR 

positivity 

5.Deng 

et al, 

202026 

Observat

ional 

study 

Wuhan, 

China 

114 patients 

with COVID-19 

pneumonia 

Nil Nil N.A. Ocular protection and 

protective wear 

required for doctors 

6.Liang 

et al, 

2020 
34 

Prospecti

ve case 

series 

Yichang, 

China 

 

37Consecutive 

cases of PCR 

positive SARS-

CoV 2 

pneumonia 

 

 

Conjunctivitis 

=3 

 

 

Not 

mentioned. 

N.A. 

 

SARS-CoV-2 may be 

present in conjunctival 

secretions 

 

7.Xu et Cross Shenyang, 30 COVID-19 Itching =1 Not Diabetes=3 Conjunctiva may be a 
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al 

202027 

sectional 

study 

China patients 

(suspected=16 

confirmed= 14) 

Macular 

degeneration=

1 

 

mentioned Hypertension= 4 

Hepatitis=1 

Pneumonia=8 

transmission route of 

COVID-19 

8.Wu et 

al 

202028 

Retrospe

ctive 

case 

series 

Hubei 

province,

China 

38 COVID-19 

patients 

 

Conjunctivitis

=12 

 

Not 

mentioned. 

Raised WBC, 

neutrophil, 

procalcitonin, C-

reactive protein 

and LDH may be 

associated with 

ocular 

manifestations. 

 

Nil 

 

9.Seah 

et al 

202029 

Prospecti

ve study 

Singapore 17 COVID-19 

patients 

 

Conjunctivitis 

=1 

Not 

mentioned. 

N.A. 

 

Nil 

10.Gua

n et al 

202031 

Observat

ional 

Wuhan, 

China 

552 Laboratory 

confirmed 

COVID-10 

patient 

Conjunctivitis

= 9 

Not 

mentioned. 

Diabetes, 

hypertension, 

CAD, hepatitis B 

- 

11.Lan 

et al 

202030 

Prospecti

ve case 

series 

China 81 cases of 

confirmed 

COVID-19 

patients 

Ocular 

discomfort=3 

Dry eye = 2 

Itching= 2 

Bulging eye = 

2 

NA Lymph 

adenopathy =2 

No new coronavirus-

associated 

conjunctivitis has been 

seen in patients with 

COVID-19 and its 

prevalence is low 

12.Mun

gmung

puntip

antip et 

al 

202032 

Prospecti

ve cross 

Thailand 48 COVID-19 

patients 

Nil No Not mentioned Ocular protection 

should not be ignored 

by ophthalmologists 

during patient 

examination 

13.Li  

Xuejie 

et al 

202033 

 

Case 

series 

report 

Wuhan, 

china 

92 NCP patients 

(Ophthalmic 

medical 

worker) 

 

Conjunctivitis

=5 

Topical 

Gancyclovir 4 

times daily 

and Sodium 

hyaluronate 

eye drop. 

 

Relieved 3-5 

days after 

treatment 

All are health 

worker 

 

1 patient first 

developed 

conjunctivitis and 

later developed 

systemic feature 

 

 

Eye transmission may 

be a method of NCP 

transmission. 

 

 

14. Xie 

202036 

Retrospe

ctive 

study 

Wuhan, 

china 

33 COVID-19 

cases 

No No - SARS-CoV 2 might 

spread from normal 

conjunctiva of COVID-

19 patients 

NCP: Novel Corona Virus Pneumonia; WBC: White Blood Count; LDH: Lactate Dehydrogenase; CAD: Coronary Artery Disease 

Table 1: Details of the included-studies. 
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Study, Author Selection Comparability Outcome 

Zhou 202044 *** * ** 

Zhang 202035 *** * *** 

Chen 202024 *** * *** 

Xia 202017 ** * *** 

Deng 202026 *** * *** 

Liang 202034 *** * ** 

Xu 202027 *** * ** 

Wu 202028 *** * *** 

Seah 202029 *** * *** 

Guan 202031 **** * *** 

Lan 202030 ** * *** 

Mungmungpuntipantip 

202032 

** - ** 

Li Xuejie 202033 ** - ** 

Xie 202036 *** * *** 

Table 2: Risk-of-bias of the included-studies. 

 

Discussion 

In our study, prevalence of red-eye/conjunctivitis in COVID-19 was 2.8% (95% CI 1.3% to 4.2%, I2=72.41%). Similar lower 

incidence of ocular symptoms was also noted with SARS-CoV-120. In our study, conjunctivitis/red eye was the first symptom of 

COVID-19 in 1.08% of patients (95% CI 0.37% to 2.44%, I2=0%). The occurrence of ocular manifestations may represent two 

different domains of manifestation of the problem, one is ocular tropism of the virus and the second is the adverse effects of the 

medications used in the management of COVID-19 [38,39].  

 

In our study, tear sample PCR positivity rate in COVID-19 was 2.6% (1.3% to 4.5%, I2=47%). However, among COVID-19 patients 

with conjunctivitis/red eye, the PCR positivity rate in tear sample was 20.6% (6/29 cases). Again, among patients who were 

positive for the virus in tear sample by PCR, the proportion of conjunctivitis/red eye was 33.3% (4/12 cases). In our study, PCR 

positivity among COVID-19 cases was low (2.6%). Chan, et al., SARS-1 epidemic also reported zero percent PCR positivity out 

of twenty probable cases, which were confirmed with paired convalescent sera [40]. On the contrary, Loon, et al., in their study 

in 2003 SARS-1 epidemic, reported 37.5 % (3 out of 8 cases) PCR positive cases in tear sample in probable SARS-1cases in their 

study cohort (N=36) [20]. 

 

Although RT-PCR testing of viral-culture is very-specific but it lacks sensitivity [41]. To improve sensitivity multiple specimens 

can be tested. It can also be the case that virus and its genetic-material are present for short-period of disease and sample 

collection is not done at appropriate time [41]. RTPCR used in the included studies may not be sensitive enough to the detection 

of the small quantity of 19-CoV RNA. The time of sample collection considering the virulence of the disease and missing the 

significant no of cases is possible. Recently as reported by Doan, et al., to overcome the false negative error of PCR, newer 

technique like next generation sequencing can be applied for rapid detection of virus in tear sample as they are using in influenza 

and rubella virus will give us newer direction in these group of patients where the viral load in the initial period is low [42,43]. 

 

According to Xia, et al., the low amount of collected tear and conjunctival secretions may be an important determinant of PCR 

negativity and the simplest explanation is that sample amount/concentration might be below the detection limit of RT-PCR [17]. 

The window period of virus shedding may be missed. Moreover, the included studies are not mentioning the exact time of 

sample collection. Follow up samples also are not taken, only one time sample collection is done.  

 

We also evaluated the association between occurrence of ocular manifestations and disease severity (mild and moderate vs. 

severe and critical). The odds were 0.28 (95% CI 0.12-0.67, I2=0%). This highlights that the mild to moderate severity disease had 

significantly lower occurrence of the ocular symptoms compared to the severe and critical group. However, we couldn’t find 
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any association between tear sample PCR positivity and disease severity [odds ratio 0.46 (95% CI 0.06-3.45, T2=0%)]. 

 

Limitation of Our Study 

One of the possible limitations is as the nature of COVID-19 is quite serious in nature, with predominantly respiratory or sepsis 

being areas of interest, ocular symptoms may go unnoticed or unattended, which may be one possible cause of low incidence of 

ocular symptoms and none of the studies have reported posterior chamber complications, however in animal model, posterior 

chamber complications were present. This indicates that there may less posterior chamber investigation during the disease 

course. Highly contagious nature of the disease is also a barrier for detailed ocular investigation. 

 

Importance of Our Study 

Our meta-analysis study was the first systematic review and metaanalysis evaluating the details of ocular manifestations 

associate with COVID-19 and its association with disease severity [43]. Targeted strategies to cut down the viral transmission 

from ocular surface by using different strategies e.g., use of PPEs (Personal Protective Equipments) e.g., goggles, N95 masks, 

goggles, use of transparent barrier during clinical examinations and use of agents e.g., povidone iodine eye drops may be helpful 

[8]. However, the findings may be considered to incorporate in day-to-day clinical practice taking into care of the level of 

evidence of safety and efficacy. This study also highlights the needs of long-term ocular follow up among COVID-19 patients 

and especially among those with ocular manifestations.   

 

Conclusion 

In patients with COVID-19, 2.8% of patients show ocular manifestation. However, among patients with ocular manifestation, 

only 20.6% cases showed tear/conjunctival swab RT-PCR positivity. So, ocular symptoms may warrant a COVID-19 screening 

test during the epidemic of COVID-19. 
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Supplementary File 

 

Supplementary Figure 1: Funnel plot showing publication bias among studies evaluating ocular complications of COVID-19/ 

conjunctivitis/red eye. 

 

 
Supplementary Figure 2: Funnel plot showing publication bias among studies reporting conjunctivitis as first symptom in 

patients with COVID-19. 

 

https://doi.org/10.46889/JOAR.2023.4107
https://athenaeumpub.com/journal-of-ophthalmology-and-advance-research/


14 

 

https://doi.org/10.46889/JOAR.2023.4107                                                           https://athenaeumpub.com/journal-of-ophthalmology-and-advance-research/  

  

 
Supplementary Figure 3: Funnel plot showing publication bias among studies evaluating PCR positivity for 2019-nCoV in 

patients with COVID-19. 
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