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Abstract

Objective: This study aimed to assess the presence of novel coronavirus in tears
and conjunctival secretions of SARS-CoV-2-infected patients.

Methods: A prospective interventional case series study was performed, and
30 confirmed novel coronavirus pneumonia (NCP) patients were selected at the
First Affiliated Hospital of Zhejiang University from 26 January 2020 to 9 February
2020. At an interval of 2 to 3 days, tear and conjunctival secretions were collected
twice with disposable sampling swabs for reverse-transcription polymerase chain
reaction (RT-PCR) assay.

Results: Twenty-one common-type and nine severe-type NCP patients were
enrolled. Two samples of tear and conjunctival secretions were obtained from the
only one patient with conjunctivitis yielded positive RT-PCR results. Fifty-eight
samples from other patents were all negative.

Conclusion: We speculate that SARS-CoV-2 may be detected in the tears and

conjunctival secretions in NCP patients with conjunctivitis.
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1 | INTRODUCTION

In December 2019, 41 cases of unexplained pneumonia were clus-
tered in Wuhan, Hubei Province, China. Most of the infected people
were confirmed to be related to the South China Seafood Market.
On 7 January 2020, the Chinese Center for Disease Control and
Prevention isolated and confirmed this pathogen as a novel type of
coronavirus through a throat swab. This coronavirus was then named
2019-nCoV by the World Health Organization (WHO)." The origin of
the virus remains unknown, and the virus-host is suspected to
be a species of bat.? On 25 January 2020, the WHO confirmed
that the virus was spread via human-to-human transmission and
family-aggregated infections and is less contagious to healthcare
professionals, unlike severe acute respiratory syndrome coronavirus
(SARS-CoV) and the Middle East respiratory syndrome-related
coronavirus.® On 31 January 2020, the WHO characterized the

outbreak as a public health emergency of international concern.* At
the close of day (on 18 February 2020 at 24:00:00), the cumulative
number of infected people worldwide was 73 332, and the cumula-
tive number of infected people in China was 72 528. The virus had
spread to 25 other countries globally, with 1873 deaths worldwide.”
At present, the mortality rate in China is about 2.58%, and the
number of infected and dead people continues to increase. On
11 February 2020, the WHO officially named infection due to the
virus as coronavirus disease 2019 (COVID-19)° and the Coronavirus
Study Group of the International Committee on Taxonomy of Viruses
named 2019-nCoV severe acute respiratory syndrome-related cor-
onavirus 2, or SARS-CoV-2.° At present, COVID-19 poses a huge
threat to China and the world. COVID-19 is highly infectious and
transmitted mainly through respiratory droplets and contact with
infected persons. The possibility of feco-oral and aerosol transmis-

sion remains to be further studied.” In 2004, some researchers found
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that the tears of SARS patients tested positive for viral nucleic acid,
some patients only showed positive results with tear samples,® and
the chromosome of SARS-CoV-2 was 82% similar to that of SARS-
CoV.” A previous study reported the case of a clinician who was
infected while working with only his eyes unprotected.'® Lu et al**
reported that the disease can be transmitted through the mucous
membranes, including the conjunctiva. There have been many case
reports in which many ophthalmologists were found to be infected
through routine diagnosis and treatment.'’ Considering that the
virus is present in the body fluids of patients, tear fluid is a type of
body fluid, and SARS-CoV-2 is similar to SARS-CoV, it is speculated
that there may be a risk of tear and conjunctival transmission.
Therefore, this is a focus of the current research to understand
whether COVID-19 is transmitted via other routes and reduce
further spread of the epidemic.

In the present study, the tear and conjunctival secretions of
patients diagnosed with the novel coronavirus were collected for
viral culture and reverse-transcription polymerase chain reaction
(RT-PCR) assay, attempting to elucidate the presence of novel
coronaviruses in tears and conjunctival secretions of SARS-CoV-
2-infected patients, and provide evidence for further understanding
the transmission route of this disease.

2 | METHODS

A prospective interventional case series study was designed. We
included cases of confirmed novel coronavirus pneumonia (NCP)
patients at the First Affiliated Hospital of Zhejiang University from
January 26, 2020 to February 9, 2020. The diagnostic criteria were
(a) real-time RT-PCR assay of respiratory or blood specimens yielded
positive results for the novel coronavirus nucleic acid and (b) com-
puterized tomography lung imaging findings were consistent with
viral pneumonia. The common-type diagnostic criteria were the
diagnosed patients exclude the severe-type criteria. The severe-type
diagnostic criteria were (a) respiratory distress (respiratory
rate, 230 cycles per minute), (b) oxygen saturation 93% or below
or arterial partial pressure of oxygen (PaO2)/oxygen concentration
FiO, lesser than or equal to 300 mm Hg in the resting state,
(c) respiratory failure requiring mechanical ventilation, (d) shock, and
(e) other forms of organ failure requiring monitoring and treatment
at the intensive care unit.*?

The study protocol was approved by the Ethics Committee
of the First Affiliated Hospital of Zhejiang University School of
Medicine, and all the included patients provided written informed
consent themselves in advance.

We used the conjunctival swab technique (Figure 1) to collect
tears and conjunctival secretions from patients. We opened the
lower eyelid of each patient and used a disposable sampling swab to
wipe the conjunctiva of the lower eyelid fornix of the patient's
eyes without anesthesia. Then, we placed one side of the head of
the sampling swab into the sample preservation solution of the

disposable virus sample tube, broke off the end of the swab along

FIGURE 1 Conjunctival swab technique used to collect tears and
conjunctival secretions. A, Conjunctival swabs; B, universal transport
medium with stationary liquid inside

the red scale, and closed the cap of the virus sampling tube. Each
specimen was stored in a 4°C refrigerator and then sent to the
laboratory of the First Affiliated Hospital of Zhejiang University.
RT-PCR assays were performed at the State Key Laboratory for
Diagnosis and Treatment of Infectious Diseases. To avoid cross-
infection, gloves were changed after collecting each sample. At the
time of collection of each sample, the patient's current temperature
was recorded and a sputum sample obtained, and the sputum
sample was also sent to the laboratory for examination. Two samples
were taken from each patient, at intervals of 2 to 3 days. Before
collecting the first sample, we recorded the time of onset of symp-
toms and how and when the antiviral drug was used for each patient.
RT-PCR protocol:

1. The collected specimen was shaken for 30 seconds. We pipetted 1
to 2 mL of the specimen and stored it in an Eppendorf tube.

2. The tube was then centrifuged at 12000 r/min for 5 minutes
and 300 pL of the supernatant was pipetted and added to the
prepared deep well plate. Then, we added 20 uL of proteinase
K and 6pL of settling agent to extract the nucleic acid.
The extraction was completed after about 22 minutes. Then, the
nucleic acid was stored in a new Eppendorf tube.

3. We prepared eight-strip PCR tubes, added 20 pyL of the mixed
reaction solution (2019 Novel Coronavirus Nucleic Acid Detec-
tion Kit; Shanghai Berger Medical Technology Co Ltd), added 5 pL
of the extracted nucleic acid, covered it, and ran the PCR reaction
using the Roche LightCycler® 480 (Roche Diagnostics GmbH,
Mannheim, Germany). After instantaneous centrifugation for
40 cycles, the PCR was completed in about 85 minutes; there-
after, we checked the amplification curves to judge whether the

results were negative or positive.
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3 | RESULTS 5 jg
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Altogether, 21 patients with common-type and 9 patients with - g;_ §
severe-type were included, with an average age of 54.50+ 14.17 § g 9] ;) § :r}: § 5 § g N ;, E =
years and a male/female ratio of 7/3. By the time of first collection
of tear and conjunctival secretions, the mean time of onset was Tg
7.33 + 3.82 days. The average body temperature of the patients was g -g § % % é é % % ,% ,% é é
37.09°C £ 0.69°C at the time of sampling. Details of the character- é g E %" %’J %" %" %’J %" %" %’J %" %"
istics of the study participants are provided in Table 1.

Two conjunctival swab samples from the only one common-type Ex ¢ ¢ ¢ ¢ g v v v v o
patients with conjunctivitis (patient No. 21) yielded positive RT-PCR g |n._, % % % % gﬁ % % % g %
results and his sputum samples were also positive. Fifty-eight e o a o a Z2 a o a a a
conjunctival swab samples from 20 common-type patients and 9 5 o
severe-type patients were all negative. E,' an

£E5 o ®© o o ® o o o o o
4 | DISCUSSION 5
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Currently, it is difficult to screen for NCP. Some patients have no 2A2Y 5 85 55 38 85 5 3
obvious fever or respiratory manifestations, or even obvious _
symptoms in the early stages of the disease.’® During clinical é’ c A9 .l . .0 . B
diagnosis and treatment, particularly at the outpatient clinic, it is § '1% § % % % % % % % % % %
difficult to quickly screen patients with early-stage disease or car- é § ',;' %D %ﬂ %D %D %ﬂ %o %" %ﬂ %D %D
riers of the virus. According to recent reports, a large number of
ophthalmologists involved in the diagnosis and treatment of the g E ¢ ¢ 2 2 ¢ 2 Y Qo oQ
disease on a daily basis accidentally acquired NCP. Thus, many 5 |°-_. ’g “é '§ ’g 'fg "§ ’g “g *é ’g’
doctors suspect that it is related to contact with tears or Tl TRl R * R *
conjunctival secretions of patients.'' In the study of this small - _ N _N . e
sample, we used conjunctival test paper to obtain tears and con- g 8 é é é é é é é é é é
junctival secretions of 30 patients for standard RT-PCR assay. Only g S Sl SR S SRER S
one patient with conjunctivitis found viral RNA in his tear fluid and
conjunctival secretion twice. The conjunctivitis was characterized =
by viral conjunctivitis with conjunctival congestion and aqueous §
secretion. The patient had no severe fever or respiratory symptoms 'g‘
when we collected his specimens. And the course of disease was in R "N "N N
the early stage for only 3 days. c

No viral RNA was detected in the tear fluid and conjunctival - ;‘:‘ § v v v 2 2 g v g g
secretions of the severe or common-type patients without con- %E é % ‘g g % % % % % % %
junctivitis. While taking the tear fluid sample for testing, we obtained EOEE Nl o an o Bal o o o Sal o o
sputum samples from patients as control samples; 55 of the "

60 sputum samples yielded positive results. This, to some extent, % ﬁ <

indicated that the tear and conjunctival secretions of patients with- E 2 “g’ @

out conjunctivitis were not an infectious route for SARS-CoV-2. At § O N N M
present, the transmission route of the novel coronavirus remains f:g

unclear, and many scholars believe that it may be transmitted _§

through aerosols.'* However, the most commonly used noncontact § :

tonometer for ophthalmologic examination sprays a gas during the E < ¥ 888 2FT R BB A
examination, which produces a large amount of aerosol in the local g

area. Moreover, aerosols may be concentrated in the local air for a g

long time, and general alcohol wipe disinfection is ineffective, causing @ 3

great panic in the field of ophthalmology.’® According to the results : H EH B H
of this study, no virus particles were detected in tear and con- l.':ltll § - M- . BB-N.E
junctival secretions in patients without conjunctivitis. Therefore, = e -



XIA ET AL

MEDICAL VIROLOGY

JOURNAL OF

4——J*—-\VILEY—

G9'0F96'9¢€
8'/¢E
cLE
6L
69¢
6'9¢
G'9¢
T'LE
¥'9¢€
9'LE
§9¢
8'9¢
G'9¢
L9€
c9¢
L'9¢
9'9¢
G9¢

LE
L9€
T'LE

UO
‘aanjesadwal

Apog

6C =T+
aAIleSaN
9AI3eSaN
EINFLEEEIN]
aAIleS8aN
aAIle3aN
ELEEEIN
EVNM-EIN]
9AI3eSaN
aAI1le3aN
9A1}ISOd
9AI3eSaN
EINIEEEIN
EVNB-EIN]
9AI3eSaN
aA1leSaN
EVME-EN]
EVNME-EN]
aA1leSaN
EVNM-EN]
EINEEN]

dod-1d
uo132429s
|eA1dunfuo)

Y- 9T +
SAl}Isod
EVMEEEN]
dAlIsod
SAI}Isod
dANjIsod
9AlIsod
dAI}Isod
SAI}Isod
EINMEEEIN]
SAI}Isod
SAI}Isod
dAI3eSaN
dAI}Isod
SAI}Isod
SAlIsod
dAI}Isod
SAI}Isod
SAlIsod
dAI}Isod
9AlIsod

ddd-1d
wnindg

S0F€T

@
4

p ‘own
|eAt=3u|

69°0F60°LE
9'LE
LLE
¥'9¢€
o€
£9¢€
¥'9¢€
'8¢
1'9¢
WA
c9¢
6'LE
£'9¢
L9€
9¢€
8'8¢
LE
£9¢€
6'9¢
8'LE
8'9¢

Uo
‘@anjesadwa)

Apog

6C =T+
EINFEEEIN
EINMEEIN
EINFLEEEIN
EIEEEIN
dAI1e3aN
EVMEEEIN
EINBEEEIN
EINMEEIN
aA11e3aN
dAl)Isod
EINMEEEIN
EIEEEIN
EINBEEEIN
EWNMEEEIN
9A13e8aN
ELBEEEIN
9AI3eSaN
EINFEEEIN
ENBEEEIN
EILEEEIN

dod-1d
uo13a429s
|eA1dpunfuo)

16T+
SA}IsOd
EVMEEEN]
9Al}Isod
SA}Isod
dAl}Isod
9Al}Isod
dAI}Isod
SAl}Isod
9A}Isod
SAI}sod
dAl}Isod
SAl}Isod
dAl}Isod
SAl}sod
SAl}Isod
dAI}sod
dAI}Isod
SAl}Isod
dAI}Isod
9AljIsod

ddd-1d
wnindg

12:0°%S
EYEVETS
2J9A3G
EYEVETS
EYEVETS
2J9A3G
249A3G
EIEYETS
2J9A3G
EYEVETS
uowwo)
uowwo)
uowwo)
uowwo)
uowwo)
uowwor
uowwo)
uowwo)
uowwo)
uowwo)
uowwon

so|eds
JSTREVCTS

"Uo132e3. Uleyd 3seawA|od Uuo1diIdSUeI}-9SI9Aal “YDd-1Y :UOIeIA3Iqqy

62 T+

siARoUNfuo)

0:- ‘08 +
SASOd
aASOd
SAHSOd
aAHSOd
aASOd
aAHSOd
SASOd
aASOd
SASOd
aASOd
aASOd
aAHSOd
SASOd
aASOd
SASOd
aASOd
aAISOd
aAHSOd
SAISOd
aAHSOd

(uoissiwpe

uo) ¥dd-1y
wninds

C8EFEEL
T

11

11

L

4"

1
8

9
9
L

p ‘own
oseasiq

LTYT F0SPVS
99
139
29
59
1A
€8
13
<L
09
€5
LS
14
SS
€1
9
14
139
59
0L
18

A @8y

(panunuod)

64 TTN
W
W

TR

> = =2 =2 = =z zZ = zZ =

('8

X35

o€
6¢
8¢
LT
9¢
14
144
€C
[44
174
(014
61
8T
LT
91
ST
i
€T
[4%
125

ase)

T 371avl



XIA ET AL

current routine disinfection can prevent the spread of the virus;
noncontact tonometer, ultrasound biomicroscopy, corneal confocal
microscope, and others do not theoretically cause cross-infection.
The low abundance of the virus in tear and conjunctival secretions
does not eliminate the risk of transmission through conjunctival
tissue. As ophthalmologists come into contact with patients at a
close-range during the examination, the saliva of infected patients
may still cause infection among medical staff through conjunctival
tissue; thus, goggles are still necessary protective measures.

RT-PCR is an effective technique for detecting viral nucleic
acid.’®” Due to its high sensitivity and specificity, this method has
the advantages of simplicity, convenience, and efficiency. Some
scholars have found that RT-PCR is effective for diagnosing novel
coronavirus through meta-analysis, is significantly better than smear-
dyeing inspection and culture identification, and it has become the
gold standard for the diagnosis of coronavirus infections. However,
there are inevitably many false positive and false negative results,
which are often caused by sample contamination and damage to
genetic material.*® In 2003, some studies reported on the detection
of virus particles in conjunctival secretions among SARS patients.*”
Researchers in Hong Kong obtained conjunctival secretions and
conjunctival cells from 17 confirmed cases and tested them via viral
RT-PCR; the results were all negative. Researchers in Singapore also
tested conjunctival secretions obtained from 34 highly suspected
cases via RT-PCR assay and found that three of the patients had
positive results, although their pharyngeal secretions yielded nega-
tive results. Of course, the Singaporean researchers also mentioned
the possibility of sample contamination during sampling, but due to
the shortcomings of RT-PCR technology, the existence of false
negatives could not be ruled out.® On the basis of the results of our
research, we collected tear and conjunctival secretions twice at an
interval of 2 to 3 days and the results showed good consistency.
Therefore, we were sure that SARS-CoV-2 existed in tears and
conjunctival secretions in NCP patients with conjunctivitis. For
patients without conjunctivitis, we detected no virus in tears and
conjunctival secretions indicating that it is not a common route of
its transmission. Nevertheless, the risk of transmission could not be
completely eliminated.

The present study assessed the tears and conjunctival
secretions in SARS-CoV-2-infected patients. The results showed
that the virus existed in the patients' tears and conjunctival
secretions with conjunctivitis and there was no virus in the
patients' conjunctival sac without conjunctivitis. However, this
study had several limitations. First, the included sample size was
relatively small. Simultaneously, although the samples were
collected by the professional ophthalmologist (JHX), the collected
tear and conjunctival secretions were limited, so sample con-
centration might be insufficient for RT-PCR detection of the
virus. Therefore, the possibility of virus particles in tear and
conjunctival secretions in NCP patients without conjunctivitis
cannot be completely ruled out. Second, only one patient enrolled
got conjunctivitis and the virus was detected from his conjunctival

secretion. However, the virus was not successfully isolated and
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cultured in the conjunctival secretion of the patient. We cannot
tell whether all NCP patients with viral conjunctivitis exist with
the virus in their conjunctival sac and whether the virus causes
conjunctivitis. In addition, most patients in this study received
antiviral treatment before sampling. Although sputum samples
were also tested for comparison, the effect of drug treatment
on the results could not be excluded. Therefore, further large-
sample and more comprehensive studies are needed to evaluate
the role of novel coronaviruses in the eyes.

5 | CONCLUSION

We speculate that SARS-CoV-2 may be detected in the tears
and conjunctival secretions in NCP patients with conjunctivitis.
Further high-volume studies are warranted to evaluate this issue.
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