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Detection of SARS-CoV-2 in the ocular surface in different phases 
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Background: To investigate the temporal pattern of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) presence on ocular surfaces using conjunctival swabs in coronavirus disease 2019 (COVID-19) 
patients.
Methods: This study included 59 patients (32 newly admitted and 27 hospitalized for ≥2 weeks) with a 
COVID-19-confirmed diagnosis at the Shanghai Public Health Clinical Center from March 3, 2020, to 
March 21, 2020. Conjunctival swab samples were collected from both eyes of all the 59 patients and were 
tested by reverse transcription polymerase chain reaction (RT-PCR) assay. The range of sampling time lies 
widely between 1 and 50 days since symptom onset.
Results: Among the 32 newly admitted patients, positive RT-PCR results for SARS-CoV-2 in conjunctival 
swab samples were reported in 2 patients (one eye for each) without ocular discomfort, but 1 positive 
case had conjunctival congestion. The positive results were detected on Day 5 for 1 patient and Day 7 for 
the other, but repeated tests after 1 week were negative for both patients. All 27 patients who had been 
hospitalized for ≥2 weeks had negative test results. The mean time from symptom onset to sampling of 2 
positive cases was significantly less than that of 57 negative cases (P<0.001).
Conclusions: SARS-CoV-2 on the ocular surface can be detected in the early phase of COVID-19. The 
risk of ocular transmission remains and might be higher in the early phase.
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Introduction

An outbreak of a novel coronavirus, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), began in December 
2019 and has since spread around the world as a global 
pandemic. It has posed significant threats to international 
health. During the outbreak, healthcare workers are 
reported among the highest risk groups (1). It was first 
reported by the Chinese media that Dr. Guangfa Wang, a 
national expert on the panel for the early investigations of 
the disease in Wuhan, China, had a red eye being the initial 
symptom before the onset of pneumonia. Notably, there are 
anecdotal reports of three ophthalmologists in China being 
infected with SARS-CoV-2 when treating coronavirus 
disease 2019 (COVID-19) patients with eye diseases, who 
subsequently died from the disease (2). For those health 
professionals in direct or indirect contact with ocular 
surfaces of patients, such as ophthalmologists, it is clinically 
important to know whether they are exposed to the risk of 
SARS-CoV-2 infection via an ocular route.

To date, previous studies have indicated that 0.8% 
of patients infected with COVID-19 may develop 
conjunctivitis (3) but the viral positive rate of SARS-
CoV-2 in tears and conjunctiva is reported to be very low 
(0 to 28%) (4-11). Whether the ocular route plays a role 
in SARS-CoV-2 transmission remains unclear at present. 
Meanwhile, the viral load is reported to be much higher in 
the early phase of the disease (12), and therefore it is worth 
investigating whether the detection rate of SARS-CoV-2 on 
ocular surfaces is higher in the early stage of the disease.

Herein, we conducted a study to evaluate the viral 
positive rate on the ocular surfaces of patients with 
confirmed COVID-19 in different phases. According to the 
hospital procedures, the patients were classified into newly 
admitted patients and patients who had been hospitalized 
for more than 2 weeks. This study covered the broadest 
conjunctival sampling time between 1 day and 50 days 
from the illness onset. We present the following article in 
accordance with the MDAR reporting checklist (available at 
http://dx.doi.org/10.21037/atm-20-6026).

Methods

Study population

In this study, we recruited 59 COVID-19 patients who were 
hospitalized in the Shanghai Public Health Clinical Center 
(SPHCC), China between March 3, 2020, and March 21, 
2020. All the diagnosis was confirmed according to the 
Chinese national guidelines for COVID-19. The mild type 
was defined as having slight clinical symptoms without 
pneumonia on radiography. The common type was defined 
as presenting with fever and/or respiratory symptoms plus 
pneumonia on radiography. Laboratory confirmations were 
achieved by the Chinese Center for Disease Control and 
Prevention (China CDC).

In these patients, 32 were newly admitted with 
hospitalization time from 1 to 2 days (mean ± SD:  
1.1±0.3 days), while 27 were hospitalized for 17 to 41 days 
(mean ± SD: 27.4±6.1 days). All patients were Chinese. In 
newly admitted patients, 29 were imported cases from Great 
Britain [7], Italy [6], Iran [4], Spain [4], America [4], France 
[3], and Switzerland [1] (Table 1).

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Ethics Committee of SPHCC  
(yj-2020-s047-01) and Eye and ENT Hospital of Fudan 
University (No. 2020020) and informed consent was 
taken from all the patients in advance for collecting their 
conjunctival swab samples.

Main outcome measures

A detailed and accurate epidemiological investigation 
was conducted by the CDC for each patient, including 
demographic characteristics, activity patterns, and 
clinical characteristics such as ocular symptoms and onset 
symptoms, etc. The temperature, laboratory findings, 
chest computed tomography (CT) scans, serum antibody, 
and treatment programs were obtained from the patients’ 
electrical medical records.

Conjunctival swabs were taken from all enrolled patients 
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to collect tears, conjunctival secretion, and conjunctival 
cells. Specifically, we everted the inferior eyelid and 
rotated the sterile synthetic fiber swabs to softly wipe the 
conjunctiva of the lower eyelid fornix (Figure 1). Samples 

from each eye were taken and analyzed separately. Patients 
with positive results in conjunctival swabs were sampled 
again 1 week later, and the ocular examination was 
conducted every day until their discharge. Caution was 

Table 1 Baseline characteristics of patients with COVID-19

Characteristic Total patients (n=59)
Newly admitted# 

(n=32)
Hospitalized for ≥2 

weeks (n=27)
P value†

Age, years (mean ± SD) 41.8±19.3 32.7±16.6 52.5±16.7 <0.001*

Sex (male/female) 35/24 18/14 17/10 0.27

Source (domestic/imported) {imported: Great 
Britain [7], Italy [6], Iran [4], Spain [4], America [4], 
France [3], Switzerland [1]}

30/29 3/29 27/0 <0.001*

Days from symptom onset to conjunctival swab 
sampling

19.3±14.6 8.0±7.1 33.2±7.9 <0.001*

Days from admission to conjunctival swab 
sampling

13.2±13.9 1.1±0.3 27.4±6.1 <0.001*

Clinical type on sampling (mild/common type) 22/37 22/10 0/27 <0.001*

CD4 count 665.3±317.6 611.3±276.7 740.3±359.9 0.14

ESR, mm/h 35.3±34.2 31.7±35.6 40.6±32.1 0.38

Serum antibody against SARS-CoV-2 
(positive%)

54.8% 34.5% 100% <0.001*

#, one newly-admitted patient (#16) was treated with hydroxychloroquine for one day before sampling. Other newly-admitted patients did 
not have any medication before sampling. †, t-test was used to compare the difference between those newly admitted and hospitalized for 
≥2 weeks. *, P<0.05. COVID-19, coronavirus disease 2019; ESR, erythrocyte sedimentation rate.

A B

Figure 1 The swab. (A) Specimen collection location of the conjunctival swab; (B) Swab used in the present study. The figure was illustrated 
by the co-author Weiming Yang.
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taken to prevent contamination of samples. All procedures 
were performed by the same ophthalmologist at SPHCC, 
who specialized in infectious eye diseases and was familiar 
with the related sampling procedure. Meanwhile, the 
oropharyngeal swabs were routinely taken for every patient.

We extracted RNA from the swabs and conducted real-
time reverse transcription polymerase chain reaction (RT-
PCR) for SARS-CoV-2 as previously described (13) by 
using reagents provided by Da An Gene Co., Ltd. (Sun Yat-
Sen University, http://en.daangene.com). All of the samples 
were tested in SPHCC’s P3 laboratory by technicians with 
extensive experience in viral RNA testing.

Statistical analysis

Data were analyzed using SPSS version 22.0 for Windows 
(SPSS Inc., Chicago, IL, USA). Continuous and categorical 
variables were summarized by mean ± standard deviation 
(SD) and frequencies respectively. The two-sample t-test 
and adjusted t-test were used to compare the means between 
groups for continuous variables. The chi-square tests were 
used to test the difference in frequency between groups 
for categorical variables. A two-tailed P value of <0.05 was 
considered statistically significant.

Results

The baseline characteristics are summarized in Table 1. The 
mean age of 59 patients was 41.8±19.3 years. There were 
35 males and 24 females. The conjunctival swabs tested 
for SARS-CoV-2 were positive in the 2 eyes of 2 newly 
admitted patients (#44 and #52), while none of the longer-

stay patients had positive results (Figure 2). The mean time 
from symptom onset to conjunctival swab sampling of 
positive cases was 6.0 days (SE =1.0), which was significantly 
(P value of a t-test <0.001) less than that of negative cases 
(mean =19.7; SE =2.0). Details about these 2 positive 
patients are listed as follows.

Patient #44 was a male, 51-year old, common type 
patient, and was admitted after he arrived in Shanghai from 
Spain. He had a cough and expectoration, but no fever, 
for 4 days before admission. The chest CT showed viral 
pneumonia. The oropharyngeal, right eye, and left eye’s 
conjunctival swabs tested positive, negative, and weakly 
positive, respectively, for SARS-CoV-2 on the second day 
of admission (5 days after symptom onset). Both of his eyes 
were mildly congested. There was a pterygium in his right 
eye and a pinguecula in his left eye (Figure 3A,B). His body 
temperature at sampling was 36.4 ℃. The conjunctival 
swabs samples from his eyes turned negative 1 week later 
(12 days after symptom onset). During his whole 14-day 
hospital stay, no conjunctivitis symptoms were found.

Patient #52 was a male, 18-year old, mild type patient, 
and was admitted after he arrived in Shanghai from Great 
Britain. He had a fever 6 days before admission, which 
was relieved without medication. He had a headache, but 
no fever or respiratory symptoms at admission. The chest 
CT was normal. Both the oropharyngeal and right eye 
conjunctival swabs tested positive for SARS-CoV-2 on 
the second day of admission (7 days after symptom onset), 
but there were no ocular symptoms or signs in either eye  
(Figure 3C,D). His body temperature at sampling was  
36.5 ℃. The conjunctival swab samples from his eyes turned 
negative 1 week later (14 days after symptom onset). During 
his whole 17-day hospital stay, no ocular symptoms were 
found.

Discussion

There is a high risk of SARS-CoV-2 transmission for 
healthcare workers, especially when they have direct contact 
with patients’ mucosa or body fluids during diagnostic and 
therapeutic procedures. Therefore, there is an urgent need 
to evaluate the risk of infection during the exposure and to 
address the pattern of SARS-CoV-2’s presence in the ocular 
surface.

In the current study, we investigated the impact of the 
sampling time on the detection rate for the first time, and 
found that the prevalence within 2 weeks of onset was 
as high as 7.1% (2/27). Both positive cases were newly 
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Figure 2 Patient characteristics, sampling time and results of 
conjunctival swabs.
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admitted and had a shorter mean time from onset to 
sampling than that of negative cases. For both cases, the 
first tests of conjunctival swab samples were positive within 
1 week of onset but the repeated tests after 1 week were 
negative. The finding indicates that the SARS-CoV-2 RNA 
is more likely to be detected on ocular surfaces for a short 
period of the disease duration. Several clinical studies (4,7) 
and case reports (14,15) are in line with our results. In these 
studies, the positive RT-PCR results of conjunctival swabs 
were also firstly detected within 2 weeks of symptom onset, 
and the positive case in the study of Zhang et al. (7) had a 
negative result when tested repeatedly on day 10. Similarly, 
in the rhesus macaques inoculated with the Middle East 
respiratory syndrome coronavirus (MERS-CoV), a MERS 
viral load could only be detected at day 3 post-inoculation 
but not at day 6 in the conjunctiva (16). Wölfel et al. (12) 
reported that the peak SARS-CoV-2 RNA concentration 
in throat swab was reached before day 5 and was more than 
1,000 times higher. Our results support it to some extent 
while suggesting that in the early stages of the disease 
when viral loads are high, it could be easier to detect the 

virus on ocular surfaces and that there is a higher risk of 
ocular transmission. Admittedly, there is still transmission 
risk of SARS-CoV-2 after 2 weeks and a case was reported 
with virus RNA detected 27 days after initial symptoms  
onset (17).

The positive rate of SARS-CoV-2 in ocular surfaces in 
the present study as well as others in the literature (4-11) 
is relatively low (we summarized studies regarding SARS-
CoV-2 in ocular surfaces in Table 2). Seah et al. reported 
neither viral culture nor RT-PCR detected the virus in 64 
tear samples for 17 COVID-19 patients (8). Compared 
with their study, we used conjunctival swabs to collect not 
only tears but also conjunctival secretion and conjunctival 
cells, and detected 2 patients with positive RT-PCR results. 
However, the actual positive rate could be higher than 
that reported. Firstly, a certain false-negative rate in the 
viral RNA test was inevitable due to improper collection 
of clinical specimens or poor handling of specimens after 
collection (18). Secondly, recall bias could have affected the 
accuracy of symptom-onset dates reported by cases here, 
and the imported cases with reported onset after inbound 

Figure 3 The clinical photographs of the positive patients. (A,B) (A: right eye; B: left eye): both eyes of patient #44 were mildly congested. 
There was a pterygium in his right eye and a pinguecula in his left eye. The conjunctival swab sample from his left eye was positive at the 
first sampling, but was negative 1 week later; (C,D) (C: right eye; D: left eye): no ocular symptom was detected in either eye of the patient 
#52, and the conjunctival swab sample from his right eye was positive at the first sampling, but was negative 1 week later.

A
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may have had initial symptoms even earlier. Therefore, the 
actual viral positive rate in ocular surface within 2 weeks of 
onset may have been underestimated.

Interestingly, some cases that tested positive for SARS-
CoV-2 in the ocular surface had ocular signs or symptoms 
while others did not. In this study, both positive cases 
had no apparent conjunctivitis symptoms. According to 
the reported literature, 6 patients that tested positive for 
SARS-CoV-2 presented with conjunctivitis (4,7,9,15) 
or keratoconjunctivitis (14), and 2 of them had it as 
the initial symptom, but another 4 patients (6,10) were 
asymptomatic, which is in line with our result. The 
possible reason for the difference in ocular manifestations 
might be that conjunctival or corneal epitheliums are 
not highly susceptible to SARS-CoV-2 or that the viral 
load on the ocular surface does not reach the pathogenic 
dose. Considering the co-expression of SARS-CoV-2 
entry receptor ACE2 and viral entry-associated protease 
TMPRSS2 in superficial conjunctival cells (19), the ocular 
surface still might represent niches for virus replication. 
The relationship between viral loads and ocular symptoms 
currently remains unanswered.

Moreover, the detection of SARS-CoV-2 RNA in 
conjunctival swabs suggests that the ocular surface may 
also serve as either a portal of viral entry or as a reservoir 
secreting infective agents.  SARS-CoV-2 is highly 
contagious and during close contact with patients, the 
conjunctiva is easily exposed to infectious droplets and 
fomites. Anatomically, the ocular surface is linked with 
the upper respiratory tract, primarily by the nasolacrimal 
system (20). Deng et al. (21) successfully inoculated the 
SARS-CoV-2 virus to rhesus macaques via the conjunctival 
route, which also suggested that conjunctiva was a portal for 
viral transmission. Additionally, some respiratory viruses, 
such as the respiratory syncytial virus (22), were isolated 
in tears, and therefore, the eye could also serve as sources 
of contamination. Further mechanistic studies on the role 
of the ocular surface in SARS-CoV-2 transmission are 
warranted.

There are several strengths and limitations to this study. 
A salient feature of our study is that the sampling time 
of conjunctival swabs covered between 1 day and 50 days 
from the illness onset, which is the broadest sampling time 
yet. Secondly, the detailed and accurate epidemiological 
investigation by CDC ensures the reliability of the data 
of this study, including the time of onset. There is one 
thing to note that, in order to provide patient comfort and 
protection, repeat sampling of conjunctival tissues was T
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avoided for cases that were initially tested negative.
In conclusion, this study provides a new insight that 

SARS-CoV-2 on the ocular surface may be more likely to be 
detectable in a short period from disease onset. The risk of 
ocular transmission could be higher in the early phase and 
is likely to be underestimated yet. Therefore, eye protection 
(goggles or face shield), hand hygiene, and other personal 
protection procedures are recommended to healthcare 
workers who are in direct contact with patients’ ocular 
surfaces or at the risk of splash exposure of eye secretions. 
It is advisable to avoid nonemergent ocular surgeries and 
nonessential examinations. For a COVID-19 patient, 
avoiding touching one’s eyes and frequent hand washing is 
essential to help stop the spread of the virus.
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