
·Experimental Research· 

Distribution of coronavirus disease 2019 transmission-related 

receptors angiotensin-converting enzyme 2 and transmembrane 

serine protease 2 in human conjunctival tissue and its 

significance 
Liu Hui1, Li Yuanpeng1, Yang Jingru1, Ren Yujie1, Wang Weiwei2, Cai Fengmei1, Xia Yimin1, Wang jia1, Wang 
Huifang1 
1Department of  Pathology, Xi'an People's Hospital, Xi'an Fourth Hospital, Xi'an 710004, China; 2Department of  
Ophthalmology, Xi'an People's Hospital, Xi'an Fourth Hospital, Xi'an 710004, China 
Corresponding author: Wang Weiwei, Email: 1248038151@qq.com 
[Abstract]  Objective  To investigate the expression of  

coronavirus disease 2019 (COVID-19) transmission-related 

receptors angiotensin-converting enzyme 2 (ACE2) and 

transmembrane serine protease 2 (TMPRSS2) in human conjunctival 

tissue and its clinical significance. 

Methods  Fifty human conjunctival tissue specimens from 50 

patients including 10 normal conjunctival tissues, 15 conjunctival 

papilloma tissues, 15 conjunctival nevus tissues and 10 conjunctival 

cyst tissues were collected from June 2019 to June 2020 at Xi'an 

People's Hospital. Ten corneal tissue samples from 10 patients with 

eyes removed due to trauma were collected as control. The 

distribution of  ACE2 and TMPRSS2 in different corneal tissues was 

detected by the immunohistochemistry. The expression of  ACE2 
and TMPRSS2 was scored and compared. Reuse of  the human 

samples and the research protocol was approved by an Ethics 

Committee of  Xi'an People's Hospital (No.20190022). Written 

informed consent was obtained from each patient. 

Results  ACE2 and TMPRSS2 were both expressed in normal 

conjunctival epithelium, epithelial cells in conjunctiva papilloma and 

conjunctival nevus, and cells in conjunctiva cyst wall.ACE2 was 

mainly distributed in the superficial and intermediate cells of  

conjunctival epithelium, but not in the basal cells and goblet 

cells.TMPRSS2 was found in different layers of  cells. The positive 

expression rates of  ACE2 and TMPRSS2 in conjunctiva were both 

100%.There was no significant difference in the expression intensity 

of  ACE2 and TMPRSS2 among normal conjunctival tissue, 

conjunctival papilloma, conjunctival nevus and conjunctival cyst (all 

at P>0.05). Weakly expressed in corneal tissues, ACE2 and 

TMPRSS2 were more moderately and strongly expressed in 
conjunctival tissues. There were significant differences in the 

number of  differently graded ACE2 and TMPRSS2 expression 

between normal conjunctival tissues, conjunctival papilloma, 

conjunctival nevus, conjunctival cyst and corneal tissues (ACE2: 

Z=-3.473, -4.183, -3.970, -3.873, all at P<0.01; TMPRSS2: Z=-4.119, 

-4.472, -4.443, -4.147, all at P<0.001). 

Conclusions  COVID-19 transmission-related receptors ACE2 

and TMPRSS2 are expressed in human conjunctival tissue, which 

provides organological evidence for ocular surface transmission of  

COVID-19. 
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Coronavirus disease 2019 (COVID-19) is mainly transmitted 

through droplet, close contact, or aerosol, causing respiratory tract 

infection and pneumonia in humans, which can rapidly progress to 

acute respiratory distress syndrome, septicemic shock, and 

multi-organ failure. The International Committee on Taxonomy of  

Viruses announced the English name of  the COVID-19 virus as 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 

Studies have shown that SARS-CoV-2, similar to SARS-CoV, has a 
high affinity for the angiotensin-converting enzyme 2 (ACE2) 

receptor on host cells, targets the ACE2 receptor on the host cell 

using the envelope spinosin (S protein), and is further activated by 

transmembrane serine protease 2 (TMPRSS2), which mediates viral 

entry into the host cell, thus playing an important role in the process 

of  COVID-19 infection 1-3. Ocular surface tissues, such as the 

conjunctiva and cornea, are directly exposed to the outside world, 

and more experimental data are needed to investigate whether 

SARS-CoV-2 can infect humans through the ocular surface. In this 

study, we investigated the expression of  ACE2 and TMPRSS2 in 

human ocular conjunctival tissues to provide insight into whether 

SARS-CoV-2 can infect humans through ocular surface tissues. 

1 Materials and Methods 

1.1 Materials 

1.1.1 Source and grouping of  tissue specimens 

Fifty human conjunctival tissue specimens (10 cases of  normal 
conjunctival tissues, 15 cases of  conjunctival papilloma tissues, 15 

cases of  conjunctival nevus tissues, and 10 cases of  conjunctival cyst 

tissues) excised from the Department of  Ophthalmology of  Xi’an 

People’s Hospital from June 2019 to June 2020 were collected as the 

case group, with an age range of  23–75 years and mean of  

48.3 years. Ten corneal tissues were collected as the control group, 

aged 28–61 years, with a mean of  44.7 years. The normal 

conjunctiva for this study was obtained from the normal 

conjunctival tissue surrounding benign conjunctival lesions, and the 
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2.3 Comparison of  the ACE2 and TMPRSS2 expression in 

conjunctival and corneal tissues of  different patients 

None of  the 60 patients had a history of  SARS-CoV-2 infection. 
The differences in the expression intensity of  ACE2 and TMPRSS2 

in the different conjunctival tissues were not statistically significant 

(all P > 0.05). ACE2 and TMPRSS2 showed a weak positive 

expression in the corneal tissues. Compared with corneal tissues, 

there were more cases of  moderate positive and strong positive 

expression of  ACE2 and TMPRSS2 in the normal conjunctival 

tissues, conjunctival papillomas, conjunctival nevi, and conjunctival 

cysts, all with statistically significant differences (ACE2, Z = −3.473, 

−4.183, −3.790, and −3.873, all P < 0.01; TMPRSS2, Z = −4.119, 

−4.472, −4.443, and −4.147, all P < 0.001) (Tables 1 and 2). 
Table 1 ACE2 expression in corneal and different conjunctival tissues 

Tissues n 
Cases of different grades 
+ ++ +++ 

Cornea 10 10 0 0 
Normal conjunctiva 10 2 6 2 
Conjunctival papilloma 15 1 9 5 
Conjunctival nevus 15 2 10 3 
Conjunctival cyst 10 1 8 1 
Note: ACE: angiotensin-converting enzyme 

Table 2  TMPRSS2 expression in corneal and different conjunctival 
tissues 

Tissues n 
Cases of different grades 
+ ++ +++ 

Cornea 10 10 0 0 
Normal conjunctiva 10 0 6 4 
Conjunctival papilloma 15 0 10 5 
Conjunctival nevus 15 0 9 6 
Conjunctival cyst 10 0 7 3 
Note: TMPRSS: transmembrane serine protease 

3 Discussion 

SARS-CoV-2 is mainly transmitted throughby droplets, close contact, 

or aerosols. Whether the ocular surface in direct contact with air can 

serve as a transmission route for COVID-19 is controversial. Most 

previous studies have focused on animal models. Deng et al. 5 

showed positive conjunctival swab results in rhesus monkeys 1 day 

after conjunctival inoculation with SARS-CoV-2, and their nasal and 

pharyngeal swab results were positive from 1–7 days. This indicates 

that SARS-CoV-2 can infect rhesus monkeys through the 
conjunctival route and can be transferred from the conjunctiva to 

tissues, such as the nasal cavity and respiratory tract. Xia et al. 6 

detected SARS-CoV-2 in tear and conjunctival secretions of  patients 

with COVID-19. Many studies have also shown that patients with 

COVID-19 may present with conjunctival symptoms as their initial 

symptoms. In a study of  535 patients with COVID-19, Chen et al. 9 

found 27 patients with conjunctival congestion, 4 with conjunctival 

congestion as the initial symptom, and 332 with a history of  hand–

eye contact. They found that hand–eye contact in patients with 

COVID-19 was independently associated with conjunctival 

congestion. They also found that some patients with COVID-19 had 

chronic eye diseases, including conjunctivitis, dry eye, and keratitis. 

Wu et al. 10 studied 38 patients with COVID-19 and found that 12 

of  them had conjunctivitis. Among the 12 patients with ocular 

symptoms, 2 had positive conjunctival swab results. This study 

suggests that SARS-CoV-2 is transmitted to humans through the 
ocular surface. 

However, some researchers have questioned whether 

SARS-CoV-2 can infect humans through the ocular surface. Liang et 

al. 11 analyzed conjunctival swab samples from 37 patients with 

COVID-19, and 3 of  the 37 patients had symptoms of  

conjunctivitis. In one patient without conjunctivitis, SARS-CoV-2 
was detected in conjunctival swab samples. Peng et al. 12 attributed 

conjunctivitis to a “coincidental event” and concluded that there was 

no causal relationship between SARS-CoV-2 infection and 

conjunctivitis. In light of  these controversies, Aiello et al. 13 

retrospectively analyzed the literature on SARS-CoV-2 and ocular 

tissues and secretions and found that 3 patients with conjunctivitis 

tested positive for SARS-CoV-2 in tears, 14 patients with 

conjunctivitis tested negative for SARS-CoV-2 in tears, and 8 

patients tested positive for SARS-CoV-2 in tears without 

conjunctivitis. The authors concluded that although most of  the 

studies were controversial, we cannot exclude the possibility of  

COVID-19 as a secondary route of  transmission through ocular 

structures because conjunctival secretions and tear fluid tested 

positive for SARS-CoV-2 in these patients. 

ACE2 and TMPRSS2 play important roles in SARS-CoV-2 

infection. SARS-CoV-2 binds to ACE2 receptors on host cells using 
S proteins and is further activated by cleavage via host cell 

TMPRSS2 to mediate viral entry into host cells. However, there are 

controversies regarding the existence of  the ACE2 and TMPRSS2 

expression in ocular surface tissues and whether SARS-CoV-2 

mediates infection in humans through ACE2 and TMPRSS2 in 

ocular surface tissues. Zhou et al. 14 examined the expression of  

ACE2 and TMPRSS2 in human tissues using immunohistochemistry 

and western blotting and found that both were constantly expressed 

in the conjunctival and corneal epithelial cells but not in the goblet 

cells, suggesting that SARS-CoV-2 infects humans through the 

conjunctival epithelial cells. Collin et al. 15 also found a positive 

expression of  ACE2 and TMPRSS2 in the adult conjunctiva, cornea, 

and corneal rim, suggesting that ocular surface epithelial tissues 

provide a new route for SARS-CoV-2 infection in humans. In this 

study, 50 human conjunctival tissues and 10 normal corneal tissues 

were examined by immunohistochemistry, and different levels of  the 
ACE2 and TMPRSS2 expression were found, which is consistent 

with the results of  previous studies. In addition, this study found no 

significant difference in the expression of  ACE2 and TMPRSS2 

among the normal conjunctiva, conjunctival nevi, conjunctival 

papillomas, and conjunctival cysts, suggesting the possibility of  

SARS-CoV-2 infection. However, other studies have also reported 

contradictory results. Lange et al. 16 examined the expression of  

ACE2 and TMPRSS2 in 38 conjunctival tissues using RNA 

sequencing and immunohistochemistry and did not find ACE2 

expression in normal or abnormal conjunctival tissues, consistent 

with the results obtained by Xiang et al. 17. Ma et al. 18 examined the 

expression of  ACE2 and TMPRSS2 in the human conjunctiva, 

pterygium cell lines, and murine corneal tissues using reverse 

transcription polymerase chain reaction and showed that 

conjunctival cells were less likely to be infected by SARS-CoV-2, 

whereas pterygium cell lines were more likely to be infected by 
SARS-CoV-2. A high and constant ACE2 and TMPRSS2 expression 

was observed in murine corneal tissues, suggesting that 

SARS-CoV-2 is more likely to infect humans through corneal tissues. 

Although most current studies support the conclusion of  the 

presence of  the ACE2 and TMPRSS2 expression in human 



conjunctival tissues, a few studies have yielded inconsistent results, 

which may be related to the experimental methods used, source of  

the tissues, and quality of  the antibodies. Further studies are 
required to confirm this hypothesis. 

Summarizing the results of  this study and previous literature, 

most researchers believe that ocular protection is essential to prevent 

coronavirus infection, especially when healthcare workers are 

treating patients with COVID-19 in close proximity. The presence 

of  SARS-CoV-2 in patients’ tears and ocular secretions cannot be 

ruled out, and tear and conjunctival secretions may increase the 

chances of  the virus entering the body through the nasolacrimal 

duct and causing infection 21, thus necessitating goggles to prevent 

infection through ocular contact 19,22. A limitation of  this study is 

that we did not obtain ocular surface tissues from patients with 

COVID-19; therefore, the expression of  ACE2 and TMPRSS2 in 

the ocular surface tissues of  the patients involved could not be 

obtained. Although controversy remains, most studies have 

indicated the presence of  the ACE2 and TMPRSS2 expression in 

human conjunctival tissues. Whether SARS-CoV-2 can be 
transmitted through the conjunctiva as a route of  transmission 

needs to be further investigated, as this route may increase the risk 

of  patients developing systemic SARS-CoV-2 infection. 
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