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ABSTRACT 
 
Coronavirus disease 2019 (COVID-19) is caused by infection with the 2019 novel 
coronavirus 2 (2019-nCoV, now referred to as SARS-CoV-2). COVID-19 has become 
a global pandemic since its outbreak at the end of Dec 2019. COVID-19 could lead to 
severe acute respiratory disease, especially to those who have reduced immunity. 
Binding of the viral Spike protein (S) to its receptor ACE2 (Angiotensin Converting 
Enzyme 2) on the surface of target cells has been proven to be key for virus entry and 
infection. Although ACE2 expression in the respiratory system is necessary for 
pneumonia infection by SARS-CoV-2, the regulation of ACE2 gene expression 
remains poorly investigated, especially for patients that are in pre-pathological 
conditions. Here, by analyzing The Gene Expression Omnibus (GEO) database, we 
investigated the expression regulation of ACE2 in various kinds of primary epithelial 
cells from the respiratory system after influenza A or respiratory Syncytial Virus (RSV) 
infection. Our analyses reveal that infection of influenza A, RSV or influenza vaccines 
greatly increased ACE2 expression, suggesting that influenza viral infection could 
represent a high risk factor for developing COVID-19. We also found that the 
regulatory effect of influenza A virus on ACE2 expression is associated with activation 
of the interferon beta-induced pathway and viral RNA-activated host response. 
Together, our data provide a theoretical framework for clinical classification for 
SARS-CoV-2 infection susceptibility and could be used for future prevention and 
therapy treatment for COVID-19. 
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Introduction 
According to the estimate report from World Health Organization (WHO), COVID-19 
has spread across 114 countries and caused more than 5000 death over the world by 
March 15th, 2020. Besides China, numerous laboratory-confirmed infections and fatal 
cases have been reported in several countries including Italy, Iran, South Korea, USA, 
France, etc. SARS-CoV-2 was found to share similar genome sequences with severe 
acute respiratory syndrome coronaviruses (SARS) and probably was originated from 
the same type of natural host [1]. The rapid spread of SARS-CoV-2 is largely related to 
its transmission route. Although the fecal-oral route has been indicated to be a possible 
mechanism for virus transmission, respiratory droplets and/or environmental contact 
are still the main routes for SARS-CoV-2 spreading [2]. Besides respiratory failure, 
multiple organ dysfunction syndromes caused by cytokine storm have been revealed to 
be main reasons for patient death [3]. So far, protease inhibitors, antibiotics, and 
corticosteroid have been used in treating COVID-19 with limited success. While 
effective therapies are still needed, we reason that determining risk factors that could 
increase the chance of SARS-CoV-2 infection or severe COVID-19 syndrome 
development is crucial for clinical prevention and intervention.  
 
Similar to SARS, infection of SARS-CoV-2 is dependent on the binding between its 
Spike protein (S) and the host receptor Angiotensin converting enzyme II (ACE2) [1]. 
However, the S protein of SARS-CoV-2 exhibited a much higher binding affinity than 
that of SARS [4], correlating with the greatly elevated infection potential of the former. 
So far, SARS-CoV-2 has been detected in multiple tissues and metabolites, such as 
gastrointestinal tract [5], nervus centralis [6], saliva, urine, feces [7], tears [8], etc, 
which might be due to the widespread expression of the ACE2 protein. Hence, 
analyzing ACE2 expression level could provide a prediction for tissue and organ 
infection of SARS-CoV-2. This seems to be particularly important for those who have 
pre-pathological conditions that can increase or induce ACE2 expression, leading to 
severe COVID-19. For instance, a higher ACE2 expression was observed in colorectal 
cancer patients than in healthy control [9], suggesting that colorectal cancer patients 
might be more susceptible to COVID-19 than healthy control.  
 
Being a type of acute respiratory disease, COVID-19 exhibits fever, cough and 
abnormal chest computed tomography characteristics (i.e., ground-glass opacity) as 
dominant symptoms [2], which are similar to seasonal influenza infection. These 
common clinical manifestations make it hard to distinguish the patients from one to 
another using just these symptoms, especially when considering that COVID-19 
happened to outbreak during the influenza season in certain regions. In a number of 
cases, patients might be co-infected with SARS-CoV-2 and Influenza A Virus, which 
not only complicated the clinical identification, but could have also increased the 
difficulty of treatment [10]. Considering that pre-pathological conditions such as 
diabetes, coronary heart disease, and hypertension may influence the COVID-19 
morbidity [2], we wondered whether prior influenza virus infection could affect the 
incidence rate and the disease progression of COVID-19. To address this question, we 
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evaluate ACE2 expression levels in epithelial cells from the respiratory tract including 
nose, airway, Bronchi and lung. Our data demonstrate that ACE2 expression was 
greatly elevated by infection with varies kinds of influenza viruses, especially in 
epithelial cells from the lower respiratory tract. Surprisingly, we noticed that live 
attenuated influenza vaccine (LAIV) also increased ACE2 transcription in primary 
human nasal epithelial cells, indicating potential risk of administrating LAIV in 
developing COVID-19. We further reveal that the up-regulation of ACE2 by Influenza 
is associated with the interferon beta (IFNβ)-induced pathway and host reactions to 
viral RNA.  
 
Method 
 
In this work, all raw data of RNA Expression profiling were extracted from NCBI-GEO 
database [11, 12]. RNA expression of each cell sample was measured in triple with 
indicated microarray platform. All raw data have been normalized to produce 
cross-comparable values proved with the median-centered values distribution. After 
data normalization, expression value was analyzed with the interactive web tool 
GEO2R. Fold-change and p-values were calculated for each virus infection, as 
compared to the mock-infected or uninfected sample. All data were analyzed by 
one-way ANOVA and presented as the mean ± standard error of mean (SEM) using the 
GraphPad Prism 8.0. Significant differences were accepted at *P<0.05 or **P<0.01. 
All Data source and protocols used in this study, including GSE accession numbers, 
cells types, virus strains, experimental protocols, etc were listed in Table 1. 
 
Results 
 
Influenza infection causes an increase in ACE2 expression in primary epithelial 
cells of the respiratory tract. 

 
To reveal the effect of influenza infection on COVID-19 susceptibility, we surveyed 
ACE2 expression in primary epithelial cells isolated from both the upper and the lower 
tract of the respiratory system. In the GEO dataset GSE83215[13], primary human 
nasal epithelial cells (hNECs) was infected with seasonal influenza A virus 
A/Victoria/361/2011 (H3N2) at the multiplicity of infection (MOI) of 1. Thirty-six 
hours after one-hour incubation, cells were harvested and subjected to RNA extraction.  
From the public database, we were able to extract the expression array data from 5 
individual donors and then compared ACE2 expression levels under different treatment 
conditions. Interestingly, we observed a mild, yet statistically significant, increase in 
ACE2 expression after influenza A virus infection compared with mock infected 
samples in each group of cells from all donors (Fig. 1A). We then evaluated the effect 
of influenza A virus on epithelial cells derived from Lung and bronchus, the lower tract 
of the respiratory system [14]. Three strains of virus including seasonal H1N1 (BN/59) 
and pandemic H1N1 (KY/180 and KY/136) were used to infect primary lung bronchus 
epithelial cells (wd-NHBE). Microarray analysis was conducted using two independent 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2020                   doi:10.20944/preprints202003.0307.v1

https://doi.org/10.20944/preprints202003.0307.v1


probes recognizing ACE2 transcripts. Data extracted from GSE48466 showed that both 
seasonal H1N1 A and pandemic H1N1 isolates caused a significant increase in ACE2 
expression in wd-NHBE cells detected by two probes (Fig. 1B). We noticed that the 
fold of increase was much greater in lower respiratory tract cells (Fig. 1B) than in upper 
respiratory tract epithelial cells (Fig. 1A), consistent with the infection pattern of 
SARS-CoV-2. Further, the increase in the expression of ACE2 was much greater in 
pandemic H1N1 infected cells than in seasonal flu infected cells, suggesting that the 
pandemic influenza virus generate greater host response (i.e., ACE2 expression) than 
seasonal isolates.  
 
To further test our hypothesis that influenza infection activates ACE2 expression, we 
surveyed the host response in other type of respiratory tract epithelial cells, such as 
primary human airway epithelial cell (hAEC) that is isolated from human mainstream 
bronchi [15]. hAEC was infected with H3N2 (A/Udorn/72) or rgRSV244 (Respiratory 
syncytial virus) at a MOI of 2 for 2 hours and then harvested 24 or 48 h post infection 
(hpi). Microarray analysis was performed on two individual platforms. The ACE2 
expression value of each sample was mined from dataset GSE32138 and GSE32139. 
Our analysis showed that H3N2 and RSV substantially increased ACE2 expression 
levels compared to their corresponding mock control (Fig. 1C). Together, these data 
suggest that influenza infection in primary epithelial cells of the respiratory tract causes 
a significant increase in ACE2 expression. 
 
Live attenuated influenza vaccine infection increased ACE2 expression 
 
Live attenuated influenza vaccine (LAIV) has been broadly used to elicit immune 
responses. Several reports have showed that antigenically-matched LAIV can elicit 
enhanced innate immune responses as compared to WT virus [13, 16]. We wondered 
whether LAIV could also induce similar host response on ACE2 expression as its 
antigenically-matched WT virus. To answer this question, we re-analyzed the 
microarray data from GEO dataset GSE83215, in which primary human nasal epithelial 
cells isolated from different individual donors were infected with WT seasonal 
influenza A virus (H3N2) or antigenically-matched LAIV at the same dose and dpi. 
The results show that LAIV resulted in a similar increase in ACE2 levels to the WT 
virus (Fig. 2). In some donors, LAIV infection caused even higher ACE2 expression 
than the H3N2 WT virus (Fig. 2). These results show that LAIV could also increase 
ACE2 expression in primary human nasal epithelial cells, suggesting that it is likely the 
host cell response, but not the influenza virus itself, that caused the upregulation of 
ACE2.  
 
The host response of ACE2 up-regulation by influenza A infection is associated 
with activation of the interferon beta and viral RNA-sensing pathways 
 
As our analyses showed that both influenza A virus and LAIV induced ACE2 
expression in epithelial cells in the respiratory tract, we next sought to understand the 
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cellular mechanism underlying such host response. Although the existing data are 
limited, we were still able to extract valuable information by mining the public database. 
In the dataset GSE19392 [17], Sagi et al evaluated the host response of primary human 
bronchial epithelial cells after challenged with different virus infection. Cells were 
infected with H1N1 (PR8) or PR8 NS1 mutant virus in which the NS1 gene, an 
important viral gene that regulates virus-cell interactions [18], was mutated from the 
PR8 genome. Meanwhile, cells were also treated with interferon beta or transfected 
with virus RNA separately. All infections or treatments were performed as a time 
course. By analyzing the relative ACE2 expression levels in different cell samples, we 
found several lines of interesting results (Fig. 3): 1, Interferon-beta treatment activated 
the ACE2 expression in a time dependent manner; 2, The PR8 virus with NS1 mutation 
elicited even stronger host response in increasing ACE2 expression than the PR8 WT 
virus; 3, Viral RNA only also strongly activated ACE2 expression (fold change > 10 
compared to the transfection reagent or media control). Our results indicate that 
activation of ACE2 expression by influenza virus infection is independent of the NS1 
protein in virus, but instead could be associated with the interferon beta pathway or host 
reactions caused by viral RNA. 
 
Discussion 
 
In this study, we investigated how influenza A virus infection affects ACE2 expression 
in various kinds of primary epithelial cells derived from the respiratory tract. We reason 
that focusing on primary epithelial cells but not cancer or other immortal cells lines will 
better mimic viral-host interactions in vivo. While we recognize that the number of cell 
line types and influenza A virus isolates is limited in the current study, the common 
host response in increasing ACE2 expression observed in these independent studies 
suggest that such upregulation of ACE2 could be a ubiquitous response for influenza A 
virus infection. The fact that RSV infection also activated ACE2 expression leads to a 
hypothesis that inflammation caused by virus influenza infection in the respiratory tract 
is a high risk factor for COVID-19. Further, we demonstrated that the relative ACE2 
expression level in NHBE cells was significantly higher when infected with the 
pandemic influenza virus KY/180 and KY/136 than with the seasonal flu virus BN/59, 
suggesting that pandemic influenza might predispose an even higher risk than seasonal 
influenza in developing COVID-19. This result is also consistent with the previous 
report that H1N1 pandemic IAV could induce stronger host response than seasonal 
isolates [13].  
 
Our current analyses and predication are based on the widely accepted idea that ACE2 
function as the receptor for SARS-CoV-2 entry into host cells. It has also been reported 
that other host factors, such as cellular protease TMPRSS2, could facilitate host cell 
entry of SARS-CoV-2 by priming S protein [19]. During the preparation of this 
manuscript, furin and CD147 were also reported to be a potential receptor for 
SARS-CoV-2 entry [20, 21]. Therefore, it would be interesting to investigate whether 
influenza infection also has any effect on these invading routes in the future. 
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Meanwhile, our conclusions might also be applicable to the SARS virus infection, as it 
has been shown that both SARS-CoV-2 and SARS use ACE2 as the receptor for host 
entry [1] .      
 
Upon infection, Influenza virus triggers the innate immune response in host cells to 
produce Type I interferons (IFNs), which in turn inhibit viral replication. Hence, IFN 
could be used as a therapy choice for influenza [22]. In our current work, IFNβ 
treatment activated ACE2 expression in primary human bronchial epithelial cells, 
suggesting that the host response of ACE2 upregulation is associated with the IFN 
signaling pathway. Our results raise a potential concern in using anti-viral interventions 
such as IFNβ, as they might increase the chance of SARS-CoV-2 infection and could 
eventually cause COVID-19. In parallel, LAIV was broadly used to prevent the 
influenza outbreak. In our study, LAIV treatment activated ACE2 expression in 
primary human nasal epithelial cell (hNECs). In some individual donors, the activation 
effect of LAIV is even greater than the WT virus, indicating that likely it is the 
activation of the host innate immune response that triggered the upregulation of ACE2. 
In conclusion, our study suggests that influenza spreading and its associated therapies 
could exacerbate the symptoms of COVID-19 and therefore great care must be given 
for patients with prior influenza infection.  
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Fig. 1. Influenza infection causes an increase in ACE2 expression in primary 
epithelial cells of the respiratory tract. (A) Relative ACE2 expression in primary 
human nasal epithelial cells after infection with H3N2 or mock virus. Cells were 
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separated from indicated donors. (B) Relative ACE2 expression in primary human lung 
bronchial epithelial cells after infection with indicated virus. Probe 1 or 2 represents 
different probe for microarray analysis. (C) Relative ACE2 expression in primary 
human airway epithelial cell was evaluated after infection with indicated virus. Two 
microarray platforms were utilized for analysis.  
 

 
Fig. 2. Live attenuated influenza vaccine infection increases ACE2 expression.  
Primary human nasal epithelial cells from different donors were infected with 
indicated virus or vaccine and relative ACE2 expression level from each sample were 
evaluated. 
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Fig. 3. Both interferon beta and viral RNA increases ACE2 expression. Primary 
human bronchial epithelial cells were infected with virus or treated with IFNβ or 
transfected with viral RNA as indicated. Relative ACE2 expression at different time 
point was evaluated. Transfection reagent or medium only treatment was set as 
control group.  
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ID Data source Tissue Cells Type Virus Type Dose 

(MOI) 
Time 

Course 
Experiment 

type 
Citation 

1 

GSE48466 
Lung and 

bronchus 

Primary 

lung 

bronchus 

epithelial 

cells 

(wd-NHBE) 

Seasonal H1N1 

(A/BN/59/07) 

 

MOI of 3 

(1 hour) 
36 hpi 

Expression 

profiling by 

array 

 

PMID: 

24244384 
2 Pandemic H1N1 

(A/KY/180/10) 

3 Pandemic H1N1 

(A/KY/136/09) 

4 

GSE32138 

GSE32139 
Bronchi 

Primary 

human 

airway 

epithelial 

cell (hAEC) 

H3N2(A/Udorn/72) 
MOI of 1 

(2 hours) 
24 hpi 

PMID: 

22398282 

5 
rgRSV244 

(Respiratory syncytial 

virus) 

MOI of 5 

(2 hours) 
48 hpi 

6 

GSE83215 Nose 

Primary 

human nasal 

epithelial 

cell 

(hNECs) 

Seasonal H3N2  

(A/Victoria/361/11) 

MOI of 1 

(1 hour) 
36 hpi 

PMID: 

28967519 

7 

Live attenuated 

influenza vaccine  

(LAIV; WT HA and 

NA, all other proteins 

from A/Ann 

Arbor/6/1960) 

8 

GSE19392 Bronchi 

Primary 

human 

bronchial 

epithelial 

cells(HBEC) 

H1N1 (A/PR/8/34) 

MOI of 5 

(15 mins) 

0.25, 0.5, 1, 

1.5, 2, 4, 6, 

8, 12, and 18 

hpi 

PMID: 

20064372 

9 ΔNS1 (PR8 with a 

deleted NS1 gene, 

Table 1 ．Data source and protocols used in this stud 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2020                   doi:10.20944/preprints202003.0307.v1

https://doi.org/10.20944/preprints202003.0307.v1


 
References  
 
[1] P. Zhou, X.L. Yang, X.G. Wang, B. Hu, L. Zhang, W. Zhang, H.R. Si, Y. Zhu, B. Li, C.L. Huang, H.D. Chen, 
J. Chen, Y. Luo, H. Guo, R.D. Jiang, M.Q. Liu, Y. Chen, X.R. Shen, X. Wang, X.S. Zheng, K. Zhao, Q.J. Chen, 
F. Deng, L.L. Liu, B. Yan, F.X. Zhan, Y.Y. Wang, G.F. Xiao, Z.L. Shi, A pneumonia outbreak associated with 
a new coronavirus of probable bat origin, Nature 579(7798) (2020) 270-273. 
[2] W.J. Guan, Z.Y. Ni, Y. Hu, W.H. Liang, C.Q. Ou, J.X. He, L. Liu, H. Shan, C.L. Lei, D.S.C. Hui, B. Du, L.J. Li, 
G. Zeng, K.Y. Yuen, R.C. Chen, C.L. Tang, T. Wang, P.Y. Chen, J. Xiang, S.Y. Li, J.L. Wang, Z.J. Liang, Y.X. 
Peng, L. Wei, Y. Liu, Y.H. Hu, P. Peng, J.M. Wang, J.Y. Liu, Z. Chen, G. Li, Z.J. Zheng, S.Q. Qiu, J. Luo, C.J. Ye, 
S.Y. Zhu, N.S. Zhong, C. China Medical Treatment Expert Group for, Clinical Characteristics of 
Coronavirus Disease 2019 in China, N Engl J Med  (2020). 
[3] W. Liang, W. Guan, R. Chen, W. Wang, J. Li, K. Xu, C. Li, Q. Ai, W. Lu, H. Liang, S. Li, J. He, Cancer 
patients in SARS-CoV-2 infection: a nationwide analysis in China, Lancet Oncol 21(3) (2020) 335-337. 
[4] D. Wrapp, N. Wang, K.S. Corbett, J.A. Goldsmith, C.L. Hsieh, O. Abiona, B.S. Graham, J.S. McLellan, 
Cryo-EM structure of the 2019-nCoV spike in the prefusion conformation, Science 367(6483) (2020) 
1260-1263. 
[5] Y.R. Guo, Q.D. Cao, Z.S. Hong, Y.Y. Tan, S.D. Chen, H.J. Jin, K.S. Tan, D.Y. Wang, Y. Yan, The origin, 
transmission and clinical therapies on coronavirus disease 2019 (COVID-19) outbreak - an update on 
the status, Mil Med Res 7(1) (2020) 11. 
[6] Y.C. Li, W.Z. Bai, T. Hashikawa, The neuroinvasive potential of SARS-CoV2 may be at least partially 
responsible for the respiratory failure of COVID-19 patients, J Med Virol  (2020). 
[7] B.E. Young, S.W.X. Ong, S. Kalimuddin, J.G. Low, S.Y. Tan, J. Loh, O.T. Ng, K. Marimuthu, L.W. Ang, T.M. 
Mak, S.K. Lau, D.E. Anderson, K.S. Chan, T.Y. Tan, T.Y. Ng, L. Cui, Z. Said, L. Kurupatham, M.I. Chen, M. 
Chan, S. Vasoo, L.F. Wang, B.H. Tan, R.T.P. Lin, V.J.M. Lee, Y.S. Leo, D.C. Lye, T. Singapore Novel 
Coronavirus Outbreak Research, Epidemiologic Features and Clinical Course of Patients Infected With 
SARS-CoV-2 in Singapore, JAMA  (2020). 
[8] J. Xia, J. Tong, M. Liu, Y. Shen, D. Guo, Evaluation of coronavirus in tears and conjunctival secretions 
of patients with SARS-CoV-2 infection, J Med Virol  (2020). 
[9] H. Chen, B. Xuan, Y. Yan, X. Zhu, C. Shen, G. Zhao, L. Ji, D. Xu, H. Xiong, T. Yu, X. Li, Q. Liu, Y. Chen, Y. 
Cui, J. Hong, J.-Y. Fang, Profiling ACE2 expression in colon tissue of healthy adults and colorectal cancer 
patients by single-cell transcriptome analysis, medRxiv  (2020) 2020.02.15.20023457. 
[10] X. Wu, Y. Cai, X. Huang, X. Yu, L. Zhao, F. Wang, Q. Li, S. Gu, T. Xu, Y. Li, B. Lu, Q. Zhan, Co-infection 
with SARS-CoV-2 and Influenza A Virus in Patient with Pneumonia, China, Emerg Infect Dis 26(6) 
(2020). 
[11] R. Edgar, M. Domrachev, A.E. Lash, Gene Expression Omnibus: NCBI gene expression and 
hybridization array data repository, Nucleic Acids Res 30(1) (2002) 207-10. 
[12] T. Barrett, S.E. Wilhite, P. Ledoux, C. Evangelista, I.F. Kim, M. Tomashevsky, K.A. Marshall, K.H. 
Phillippy, P.M. Sherman, M. Holko, A. Yefanov, H. Lee, N. Zhang, C.L. Robertson, N. Serova, S. Davis, A. 
Soboleva, NCBI GEO: archive for functional genomics data sets--update, Nucleic Acids Res 41(Database 
issue) (2013) D991-5. 
[13] A. Forero, K. Fenstermacher, N. Wohlgemuth, A. Nishida, V. Carter, E.A. Smith, X. Peng, M. Hayes, 
D. Francis, J. Treanor, J. Morrison, S.L. Klein, A. Lane, M.G. Katze, A. Pekosz, Evaluation of the innate 
immune responses to influenza and live-attenuated influenza vaccine infection in primary 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2020                   doi:10.20944/preprints202003.0307.v1

https://doi.org/10.20944/preprints202003.0307.v1


differentiated human nasal epithelial cells, Vaccine 35(45) (2017) 6112-6121. 
[14] R.L. Gerlach, J.V. Camp, Y.K. Chu, C.B. Jonsson, Early host responses of seasonal and pandemic 
influenza A viruses in primary well-differentiated human lung epithelial cells, PLoS One 8(11) (2013) 
e78912. 
[15] I. Ioannidis, B. McNally, M. Willette, M.E. Peeples, D. Chaussabel, J.E. Durbin, O. Ramilo, A. Mejias, 
E. Flano, Plasticity and virus specificity of the airway epithelial cell immune response during 
respiratory virus infection, J Virol 86(10) (2012) 5422-36. 
[16] K.G. Mohn, I. Smith, H. Sjursen, R.J. Cox, Immune responses after live attenuated influenza 
vaccination, Hum Vaccin Immunother 14(3) (2018) 571-578. 
[17] S.D. Shapira, I. Gat-Viks, B.O. Shum, A. Dricot, M.M. de Grace, L. Wu, P.B. Gupta, T. Hao, S.J. Silver, 
D.E. Root, D.E. Hill, A. Regev, N. Hacohen, A physical and regulatory map of host-influenza interactions 
reveals pathways in H1N1 infection, Cell 139(7) (2009) 1255-67. 
[18] B.G. Hale, R.E. Randall, J. Ortin, D. Jackson, The multifunctional NS1 protein of influenza A viruses, 
J Gen Virol 89(Pt 10) (2008) 2359-2376. 
[19] M. Hoffmann, H. Kleine-Weber, S. Schroeder, N. Kruger, T. Herrler, S. Erichsen, T.S. Schiergens, G. 
Herrler, N.H. Wu, A. Nitsche, M.A. Muller, C. Drosten, S. Pohlmann, SARS-CoV-2 Cell Entry Depends on 
ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor, Cell  (2020). 
[20] K. Wang, W. Chen, Y.-S. Zhou, J.-Q. Lian, Z. Zhang, P. Du, L. Gong, Y. Zhang, H.-Y. Cui, J.-J. Geng, B. 
Wang, X.-X. Sun, C.-F. Wang, X. Yang, P. Lin, Y.-Q. Deng, D. Wei, X.-M. Yang, Y.-M. Zhu, K. Zhang, Z.-H. 
Zheng, J.-L. Miao, T. Guo, Y. Shi, J. Zhang, L. Fu, Q.-Y. Wang, H. Bian, P. Zhu, Z.-N. Chen, SARS-CoV-2 
invades host cells via a novel route: CD147-spike protein, bioRxiv  (2020) 2020.03.14.988345. 
[21] Y.H. Yuanchen Ma, Tao Wang,Andy Peng Xiang,Weijun Huang. , ACE2 shedding and furin 
abundance in target organs may influence the efficiency of SARS-CoV-2 entry.  (2020). 
[22] S.F. Li, M.J. Gong, F.R. Zhao, J.J. Shao, Y.L. Xie, Y.G. Zhang, H.Y. Chang, Type I Interferons: Distinct 
Biological Activities and Current Applications for Viral Infection, Cell Physiol Biochem 51(5) (2018) 
2377-2396. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2020                   doi:10.20944/preprints202003.0307.v1

https://doi.org/10.20944/preprints202003.0307.v1

