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ABSTRACT

Background/aims SARS-CoV-2 is highly contagious.
More evidence concerning extrapulmonary transmission
routes such as the eyes is urgently needed. Although

the humoral immune response is important in the viral
containment, the local response in tears has not yet been
studied. The aim of our study was twofold: to assess the
prevalence of both SARS-CoV-2 RNA and antibodies in tear
fluid.

Methods In a first series, nasopharyngeal sampling and
tear sampling by Schirmer test strips were performed in 26
acutely ill patients with COVID-19 to assess the presence
of SARS-CoV-2 RNA by reverse transcription PCR. In a
second series, IgG and IgA responses to SARS-CoV-2 spike
protein in serum and tear fluid of convalescent individuals
(n=22) were compared with control individuals (n=15) by
ELISA.

Results SARS-CoV-2 RNA was detected in tears of 7/26
(26.9%) patients with COVID-19. None of them had ocular
symptoms. Convalescent individuals displayed a significant
higher ratio of IgG (p<0.0001) and IgA (p=0.0068) in tears
compared with control individuals. A sensitivity of 77.3%
and specificity of 93.3% was observed for 19G, and 59.1%
and 100% for IgA.

Conclusions Our results demonstrate the presence

of SARS-CoV-2 RNA and a local IgG and IgA immune
response in tear fluid. These data confirm the possibility

of SARS-CoV-2 transmission through tear fluid and the
importance of the eye as a first defence against SARS-
CoV-2, indicating the potential of tears as a non-invasive
surrogate for serum in monitoring the host immune
response.

INTRODUCTION

SARS-CoV-2, a novel coronavirus discovered
in Wuhan (China) mid-December 2019, has
spread rapidly across the globe. This highly
contagious virus mainly affects the lower
respiratory tract, causing COVID-19. The
pathogenesis of SARS-CoV-2 is complex,
with multiple factors leading to injury of the
lungs and dissemination to other organs.
Although it is known that transmission occurs
predominantly via respiratory droplets,
extrapulmonary routes of transmission are
not yet fully clarified. It is hypothesised that
the virus can be transmitted from the upper
respiratory tract through the nasolacrimal

Key messages

What is already known about this subject?

» It is hypothesised that SARS-CoV-2 can be trans-
mitted from the upper respiratory tract to the eyes.
IgA antibodies have a crucial role in the immune de-
fence of mucosal surfaces as the first point of entry
of SARS-CoV-2.

What are the new findings?

» The presence of SARS-CoV-2 RNA in tears of infect-
ed patients was demonstrated, confirming the possi-
bility of transmission through tear fluid. Furthermore,
convalescent individuals displayed a significant
higher ratio of IgG and IgA in tears compared with
control individuals, demonstrating the importance of
the eye as a first defence against SARS-CoV-2.

How might these results change the focus of

research or clinical practice?

» These data are indicating the need for adjusted per-
sonal protective equipment, including goggles, when
taking care of patients with COVID-19. Furthermore,
tears have potential as a non-invasive surrogate for
serum in monitoring the host immune response.

system to the eyes. ACE-2 receptors and
the transmembrane protease serine type 2
are highly expressed on the ocular surface
epithelium.' * As these are the receptor for
SARS-CoV-2 and a cell surface-associated
protease that facilitates viral entry following
binding of the viral spike protein to ACE-2,
it is suggested that the eye can be a portal
of entry of the virus and that ocular fluid is
a possible source of SARS-CoV-2.”* A limited
number of studies have been published
reporting conflicting data on ocular fluids as
a potential source of spread.” ™" Therefore,
in a first part of our study, we wanted to assess
the presence of SARS-CoV-2 RNA in tear fluid
of patients with COVID-19 to determine the
need for adjusted personal protective equip-
ment. 1112

During the SARS 2002-2003 epidemic, it
was demonstrated that serological assays were
a useful diagnostic tool in non-acute infec-
tions."” Although more research is needed
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to assess the risk of reinfection in convalescing patients,
recent data suggest that SARS-CoV-2 antibodies could
protect at least for some time from subsequent viral expo-
sure. Chao et al”” reported on the crucial role of IgA in the
immune defence of mucosal surfaces as the first point of
entry of SARS-CoV-2. IgA may serve as an indicator of host
immune response and can be directly measured in saliva
and tears. However, there is a lack of systematic studies on
IgA production in patients with COVID-19 in general, and
no in-depth investigation of the presence of SARS-CoV-2
antibodies in tears has been performed yet."”™* Therefore,
in a second part of our study, we investigated the presence
of IgG and IgA antibodies against SARS-CoV-2 in tear fluid.

Thus, the objective of our study was twofold, namely to
assess the prevalence of both SARS-CoV-2 RNA and IgG
and IgA antibodies in tear fluid. By doing so, we aimed to
investigate ocular involvement in the spread of the virus
and the role of tears as a non-invasive (immunological)
biomarker.

MATERIALS AND METHODS

Study population

The study consisted of different subgroups. We defined a
study population to assess the prevalence of SARS-CoV-2
RNA in tear fluid on the one hand, and a study popula-
tion to assess the prevalence of SARS-CoV-2 antibodies in
tear fluid on the other hand. A written informed consent
was obtained from the participants.

RNA

Between 10 August and 3 November 2020, adult patients
aged 18 years or older with laboratory-confirmed
COVID-19 infection (SARS-CoV-2 detected by reverse
transcription PCR (RT-PCR) on a nasopharyngeal swab
(UTM, Copan, Brescia, Italy)) that were admitted at
University Hospital Brussels because of COVID-19 related
symptoms, were recruited for tear fluid sampling.

Antibodies

Between 27 August and 13 October 2020, employees of
University Hospital Brussels participating in a simulta-
neous study assessing the SARS-CoV-2 seroprevalence and
seroconversion in employees (COVEMUZ study) were
recruited for tear fluid sampling. For the COVEMUZ
study, anti-SARS-CoV-2 IgG antibodies were assessed in
each participant at three time points (May-June, July-
August and October 2020). Controls were defined as
employees without anti-SARS-CoV-2 IgG antibodies in
serum at the three time points of the COVEMUZ study
and without anti-SARS-CoV-2 IgG and IgA antibodies
in serum at the moment of tear sampling. Two cohorts
of convalescent employees were defined to study the
presence of antibodies in tear fluid: a cohort with anti-
SARS-CoV-2 IgG and a cohort with anti-SARS-CoV-2 IgA
antibodies in serum at the moment of tear sampling.

Patient and public involvement
Patients were asked to assess the burden of the interven-
tion. Patients or the public were not further involved in

design, or conduct, or reporting, or dissemination plans
of our research.

Sample collection

Collection of tear fluid was performed by application of
a paper strip, called Schirmer Tear Test (HS Clement
Clarke Ophthalmic, Harlow, UK) in both eyes. The bent
end of a Schirmer test strip was placed in the lower eyelid
of each eye for 5min without anaesthesia. Insertion and
removal of the paper strips was performed with gloves.
Sterile gloves were used in case of RNA testing, besides
personal protective equipment as it concerned acutely ill
patients with COVID-19. The wetted strip was placed in
an Eppendorf tube and analysed in the laboratory within
24 hours.

Tear fluid was collected within 48 hours of nasopha-
ryngeal sampling or blood collection for the study of
respectively RNA or antibodies. Blood samples were
collected by venepuncture and centrifuged (3000 RPM,
10min) to obtain serum.

Laboratory analysis

RNA

Nasopharyngeal swabs were analysed either by RealStar
SARS-CoV-2 RT-PCR Kit 1.0 (Altona Diagnostics GmbH,
Hamburg, Germany) targeting E-gene and S-gene or by
Xpert Xpress SARS-CoV-2 (Cepheid, Sunnyvale, Cali-
fornia, USA) targeting E-gene and N2-gene. All tear fluids
were analysed by RealStar. The result was considered posi-
tive if both target genes were detected. RealStar results
were expressed as crossing point (Cp) values and Xpert
results as cycle threshold (Ct) values. RNA extraction
was performed by easyMAG/eMAG (bioMérieux, Marcy
I’Etoile, France) and eluted in 50 pL prior to RT-PCR by
RealStar. The Xpert test was performed according to the
manufacturer’s instructions.

Antibodies

Antibodies were analysed by anti-SARS-CoV-2 ELISA
(IgG and IgA) (EUROIMMUN, Luebeck, Germany), an
ELISA specific for the detection of antibodies against
the S1 domain of the spike protein. Serum samples were
analysed and interpreted according to the manufactur-
er’s instructions (negative: ratio <0.8; borderline: ratio
20.8—<1.1; positive: ratio 21.1). Borderline results were
considered positive for analysis. The kit was used off-label
for analysis of tear fluid samples as well. The antibodies
were eluted by placing the Schirmer strips in 500 pL
sample buffer, vortexing (1min), centrifugation (1000
RPM, 5min) and finally transferring 250 pL. of the fluid
to an Eppendorf tube that was loaded on the ANALYZER
I-2P (EUROIMMUN) for fully automated processing.

Statistics

Demographic data are described by median (Mdn)
and IQR. For continuous data, comparisons between
groups were performed using the Mann-Whitney U test.
Receiver operating characteristics (ROC) analyses were
used to seek cut-offs for anti-SARS-CoV-2 IgG and IgA in
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Nasopharyngeal swab Tear fluid Timing of tear sampling in disease course

E-gene S-gene N2-gene E-gene S-gene ‘ COVID-19 disease severity (days after onset of symptoms*)

Patient2 23.30 22.89 NA - - Moderate 3

Patient4 1553 14.82 NA 34.57 33.92 Moderate 3

Patient6 32.21 31.60 NA - - Moderate 14

Patient8 31.09 30.45 NA - - Moderate 14

Patient 10 21.95 21.49 NA - - Moderate 2

Patient 12 24.70 24.16 NA - - Moderate 3

Patient 14 17.70 NA 20.20 - - Moderate 4

Patient 16 18.27 17.61 NA - - Moderate 6

Patient 18 26.20 NA 29.10 - - Moderate 4

Patient20 18.70 18.12 NA 17.82 17.99 Moderate 6

Patient 22 32.98 32.27 NA 28.44 27.26 Mild 1

Patient 24 26.20 NA 28.80 - - Moderate 6

Patient 26 32.72 31.57 NA - -

Moderate 14

*COVID-19 associated symptoms as defined by the WHO (eg, fever, cough, fatigue, anorexia, shortness of breath, myalgia, anosmia and

ageusia).
NA, not available.

tears and to report test accuracy, that is, area under the
curve (AUC), sensitivity and specificity. The optimal cut-
offs were determined by the Youden index. All statistical
tests were performed two sided at a significance level of
0.05 using exact p values. Analyses were performed using
GraphPad Prism V.8.4.3 (GraphPad Software, San Diego,
California, USA).

RESULTS

RNA

Twenty-six acutely ill patients with COVID-19 were
included of which 20 were men (age Mdn 61 years, IQR
48-68) and six were women (age Mdn 53 years, IQR
47-74). SARS-CoV-2 was detected in tear fluid by RT-PCR
in seven patients (26.9%). According to WHO categori-
sation, the included patients suffered from mild (n=3),
moderate (n=21) or severe disease (n=2) (table 1)."" The

median Cp value of the E-gene in positive tear fluids was
31.4 (IQR 28.7-32.0) and S-gene 30.8 (IQR 27.9-31.3).
None of the patients had symptoms of ocular infection.
No significant difference (p=0.3881) was observed in
the E-gene value in nasopharyngeal swabs of patients
with a positive result in tears (Mdn 18.7, IQR 17.3-25.8)
compared with those without detection of SARS-CoV-2 in
tears (Mdn 24.7, IQR 19.4-28.6). No significant differ-
ence (p=0.3068) was observed in the duration between
onset of symptoms and tear sampling of patients with a
positive resultin tears (days Mdn 4, IQR 2.5-7) compared
with those without detection of SARS-CoV-2 in tears (days
Mdn 6, IQR 3.5-12).

Antibodies
The control cohort consisted of 15 employees of our
hospital of which two were men (age 31 and 39 years)
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Left: scatter plots of anti-SARS-CoV-2 IgG and IgA ratios in tear fluid, indicating the median by a horizontal line and

p value between convalescent (n=22) and control employees (n=15). Right: ROC curves of anti-SARS-CoV-2 IgG and IgA ratios
in tear fluid of convalescent and control employees. ROC, receiver operating characteristic.

and 13 women (age Mdn 35 years, IQR 31-59). The IgG
positive cohort consisted of 22 convalescent employees
of which 10 were men (age Mdn 52, IQR 30-60) and
12 women (age Mdn 37, IQR 27-52). The IgA positive
cohort predominantly corresponded to the IgG cohort,
consisting of 22 convalescent employees as well of which
10 were men (age Mdn 52, IQR 37-60) and 12 women
(age Mdn 37, IQR 27-52). Compared with controls,
convalescent employees displayed a significantly higher
ratio of anti-SARS-CoV-2 IgG (p<0.0001) and IgA
(p=0.0068) in tear fluid (figure 1; online supplemental
tables 1-3). The diagnostic accuracy for IgG in tears was
high (AUC=0.902) and for IgA moderate (AUC=0.761),
with a sensitivity of 77.3% and specificity of 93.3% for
IgG and a sensitivity of 59.1% and specificity of 100%
for IgA, yielding the optimal cut-offs for detecting posi-
tive IgG and IgA cases above 0.115 and 1.95, respectively
(figure 1).

Four employees without IgG nor IgA antibodies in
serum at the moment of tear sampling, but with known
IgG antibodies in serum 2-3 months earlier were
excluded. Interestingly, two of these tear fluid samples

showed a positive result for IgA based on the above cut-
off; IgG was negative in all four tear fluids.

DISCUSSION
We investigated the prevalence of both SARS-CoV-2 RNA
and antibodies in tear fluid.

Viral RNA was detected in tears of 26.9% (7/26)
enrolled patients with COVID-19. Previous studies have
shown varying results, detecting viral RNA mostly in less
than 10% of patients, except for one study by Arora et
al' showing a positivity rate of 24%.” '’ In two large
case series including 64 ocular samples from 17 patients
(taken at different time points in the disease course),
respectively 114 ocular samples (from as many patients),
no SARS-CoV-2 could be detected.” ® In three studies
performed at Chinese hospitals, positivity rates of 3.3%
(1/30), 5.3% (2/38) and 8.6% (3/35) were observed
for tears in patients with COVID-19.” ®? Several factors
can be responsible for the observed differences. We
opted for Schirmer test strips instead of glass capillaries
or conjunctival swabs as most convenient clinician and
patient friendly tear sampling tool.”” The advantage of
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glass capillary tubes is that it does not induce local irri-
tation and minimises transudation; however, it can be
used only by trained personnel in cooperative patients.”'
Schirmer strips are a non-invasive body fluid collection
method commonly used in ophthalmological practice
for testing the severity of dry eyes. The sampling of tears
by Schirmer strips is highly accepted by patients in the
primary healthcare setting as well.”” Twenty to twenty-five
microlitres of tear fluid can be easily collected by these
strips; however, the exact Volume cannot be determined
which impairs standardisation.”’ Yan et al’ compared
sampling by conjunctival swabbing and Schirmer strips,
suggesting the positivity rate may be higher by using the
latter; however, the difference was not statistically signif-
icant. The authors assume that a larger volume can be
collected by Schirmer strips, resulting in a higher sensi-
tivity of RNA detection. In the study of Arora et al,"’
on the other hand, conjunctival swabbing appeared
to be the best sampling method in comparison with
Schirmer strips, although not significantly either. Thus,
the sampling method probably cannot explain the
observed differences in positivity rates; however, our
study confirms the feasibility of sampling by Schirmer
strips. Another inconsistency between published studies
is the sampling of one or both eyes. In the study of Seah et
al,” samples from both eyes were analysed separately, and
no SARS-CoV-2 RNA was detected in any tear sample. In
studies with relatively high positivity rates, bilateral tear
collection was performed.” '’ Our results confirm the
importance of bilateral sampling to increase the sample
volume and thus the diagnostic sensitivity. Furthermore,
by adding the Schirmer strips directly from a dry tube to
the lysis buffer used for extraction instead of collecting
them in viral transport medium, additional dilution is
avoided with possibly a beneficial effect on sensitivity.
Finally, it is suggested that the time of sampling in the
disease course may affect the results, but this has not
been studied thoroughly yet.”” ' In our study, no signif-
icant difference in duration of COVID-19 symptoms was
observed in patients with detection of SARS-CoV-2 in
tears compared with those without.

There are few reports on the association of SARS-CoV-2
infection with ocular abnormalities.”*? In a case series
of 38 patients with COVID-19 studied by Wu et al,’ 12
patients (31.6%) had ocular manifestations consistent
with conjunctivitis. Viral RNA was detected in conjunctival
swabs of two patients, both having ocular abnormalities.’
The presence of SARS-CoV-2 RNA on the ocular surface
and ocular manifestations was studied in 29 hospital-
ised patients with COVID-19 by Meduri et al.”> RNA was
not detected in any of the tear samples by RI-qPCR on
Schirmer strips, in spite of a high prevalence of mild
ocular symptoms (eye burning: n=4; foreign body sensa-
tion: n=3; tearing: n=3). Furthermore, mild conjunctival
hyperaemia and/or chemosis (n=7) and blepharitis signs
(n=11) were often observed. However, the presence of
these ocular signs and symptoms being common in the
general population was not checked prior to the onset

of COVID-19 impeding the assessment of the correlation
with COVID-19.” Among three patients with a positive
tear sample result studied by Karimi et al,” only one patient
had symptoms of conjunctivitis. No ocular abnormalities
were observed in any patient with COVID-19 included in
other studies concerning the ocular involvement, as was
the case in our study.”® '’ This implies that viral shedding
in tears and thus infectivity is not related to ocular mani-
festation of infection.

As SARS-CoV-2 is a highly contagious virus, extrapul-
monary routes of transmission and infection need to
be investigated to mitigate the pandemic spread.”’
SARS-CoV-2 gains entry to host cells via the ACE-2
receptor, and this receptor has been identified in the
eye, explaining the ocular tropism of the virus.® ' %’
The eye and its adnexae represent a relatively large
surface directly exposed to airborne viral particles and
contaminated hands, which may thus serve as a portal
of entry."" ** ***" The nasolacrimal system provides an
anatomical bridge between the ocular and respira-
tory systems facilitating viral movement from tear fluid
via the inferior meatus of the nose to the respiratory
tract.'’ Furthermore, the involvement of the eye besides
symptoms such as dysgeusia, dysosmia, xerostomia and
auditory discomfort in patients with COVID-19 may be a
sign of the neurotropism of SARS-CoV-2 as is the case for
other coronaviruses.”

Our results showing the presence of viral RNA in tears
are confirming that the eye constitutes a site of virus
replication and a possible reservoir for person-to-person
transmission.” ' ** * These findings provide important
insights in understanding infection and transmission.
The importance of personal protective gear including
good eye protection with goggles in addition to masks,
gowns and gloves is highlighted.* ' 11 24222731

Besides mechanical and anatomical barriers against
infection, the eye also possesses immunological defence
mechanisms.”* The local mucosal response with antibody
production is an important immune defence, and IgA is
believed to be the major immunoglobulin in mucosal
secretions.'” > #% It is stated by Chao et al'”” that secretory
IgA can neutralise SARS-CoV-2 before it reaches and binds
the epithelial cells. The immunoglobulin concentrations
in tears from patients with different ocular diseases was
determined by Sen and Sarin,” showing that IgA was the
predominant immunoglobulin, IgG could be detected in
the majority of samples, IgM in a fewer. Viral antibodies in
tears against cytomegalovirus, Epstein-Barr virus, herpes
simplex virus (HSV) type I, varicella zoster virus, mumps
and rubella were shown in previous studies, being mainly
IgA class, but IgG antibodies were also detected.'” **° In
a study by Hu et al,'® antibodies (predominantly IgA and
IgG classes) against papillomavirus were demonstrated
in tears, being 10-fold lower than in the corresponding
serum samples but with a lower background noise. Given
the presence of SARS-CoV-2 RNA in tears, it is reasonable
to hypothesise that, like other viruses, the ocular surface
serves as an initiation site of immune response with
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production of antibodies.”” However, no in-depth investi-
gation has yet been performed determining the presence
of SARS-CoV-2 antibodies in tear fluid. Our data are prom-
ising, showing the significant presence of anti-SARS-CoV-2
IgA as well as IgG antibodies in tear fluid of convalescent
individuals compared with control individuals. This is
a proof of the role of the eye as a first defence against
SARS-CoV-2. Moreover, tears may serve as a surrogate
for serum in monitoring the host immune response in
epidemiological studies as well as in clinical practice. We
have found only one study from the University Hospital of
Zurich determining anti-SARS-CoV-2 IgA and IgG in tear
fluid; however, no cut-off was established to determine
the exact prevalence of both antibodies.' Interestingly,
we observed IgA antibodies in tears from two employees
with a previous COVID-19, although at the time of tear
sampling, no IgG nor IgA antibodies were detected in
serum. In the study by Cervia et al,'* this phenomenon was
observed as well: some of the SARS-CoV-2 exposed health-
care workers with negative SARS-CoV-2 specific IgA and
IgG serum titres had detectable IgA in tears. In addition,
in the above-mentioned study by Coyle and Sibony,'” 15%
of tears had antibodies to HSV-1 without detectable serum
antibodies. In this study, tear viral antibodies were most
often reflected in serum, although the immunoglobulin
class differed sometimes. Performing a follow-up study
determining ocular anti-SARS-CoV-2 IgA secretion in
individuals with transient serum titres would be of great
interest. Another interesting path to investigate is the
association between total IgA, specific secretory IgA and
viral RNA in tear fluid. Since IgA production is important
as local immune defence, detecting IgA deficiency may
probably play a role in identifying super spreaders.

Further research is necessary considering important
parameters of antibody analysis in tears, such as the
collection method and immunoassay used.'®*' We opted
for Schirmer strips in accordance to the study of viral
RNA. Importantly, we eluted the test strips immediately in
the sample buffer used for the immunoassay minimising
dilution. To the best of our knowledge, no commercial
immunoassay has been approved for SARS-CoV-2 anti-
body testing in tear fluid yet. We opted for off-label use
of the anti-SARS-CoV-2 ELISA from EUROIMMUN.
However, further research including more tear fluid
samples is needed to determine an optimal cut-off using
this assay.

Our results demonstrating the presence of SARS-CoV-2
antibodies in tear fluid may be of great value in the diag-
nostic work-up of COVID-19. In contrast to the collection
of blood samples, no trained personnel is required for
collection of tears by Schirmer strips, and it causes no
risk to patients making it an interesting tool in the devel-
opment of a point-of-care test for monitoring the host
immune response.'® ** Furthermore, these findings can
be an aid in the search for a therapeutic strategy. Mucosal
vaccination can induce local antibody secretion and thus
local protective immunity within the mucosae, being the
portal of entry."”

This study should be considered as a pilot study, and
a follow-up study is needed to confirm the results and
elaborate on the limitations. The main limitation of our
study is the small sample size; our findings of SARS-CoV-2
RNA and antibodies in tear fluid should be validated in
a larger study population including an evaluation of the
correlation with COVID-19 disease severity and ocular
symptoms. Moreover, only one tear fluid sample per
patient was obtained in this study, but it would be inter-
esting to collect multiple samples at different time points
in the disease course to assess the kinetics of the viral load
and antibodies in tears.

In conclusion, we observed SARS-CoV-2 RNA in
tear fluid of 26.9% acutely ill patients with COVID-19
confirming the possibility of transmission through tear
fluid, even in absence of ocular manifestations. These
findings emphasise the need for protective eyewear by
healthcare workers. However, because of the rather low
detection rate, Schirmer test strips cannot be introduced
as an alternative for nasopharyngeal swabbing in the
diagnosis of COVID-19 so far.

The detection of SARS-CoV-2 IgG and IgA antibodies
in tear fluid in our study is promising. It is a proof of
the role of the eye as a first defence against SARS-CoV-2.
Furthermore, tears may serve as a surrogate for serum
in monitoring the host immune response in epidemi-
ological studies as well as in clinical practice where the
specimen can be taken by the patient himself.
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