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    Summary
Background The SARS-CoV-2 virus has caused the death of over 2 million people worldwide during the COVID-19 pandemic. Whilst effective vaccines have been developed and vaccination schedules are being rolled out, the identification of safe and inexpensive drugs to slow the replication of SARS-CoV-2 could help thousands of people worldwide whilst awaiting vaccination.

Methods Using SARS-CoV-2 tagged with nano-luciferase (SARS-CoV-2-ΔOrf7a-NLuc) we screened a variety of cells under optimised cell culture conditions for their ability to be infected by, and support the replication of, SARS-CoV-2. Electron microscopy was used to demonstrate generation of infectious virus particles. We assessed a library of 1971 FDA-approved drugs for their ability to inhibit or enhance viral replication in Vero (simian kidney cells) but also in the human hepatocyte cell, HUH7. Initial hits were further tested to identify compounds that could suppress viral replication, post-viral infection. Dose response curves were obtained for a shortlist of 9 compounds of interest (COI).

Findings Our SARS-CoV-2-ΔOrf7a-NLuc virus was as effective as wild-type SARS-CoV-2 in inducing CPE and replicating in Vero cells. Conventional electron microscopy showed the NLuc-tagged virus to be structurally indistinguishable from the wild-type virus, and both could be identified within the endosomal system of infected cells. SARS-CoV-2-ΔOrf7a-NLuc was used in experiments to robustly quantitate virus infection and replication. A wide variety of human cells including lung fibroblasts and epithelial cells were susceptible to infection but were not effective in supporting SARS-CoV-2-ΔOrf7a-NLuc replication. In contrast, human kidney epithelial cells and human hepatic cells were particularly susceptible and supported SARS-CoV-2-replication, which is in-line with reported proteinuria and liver damage in patients with COVID-19. Our screening of FDA approved compounds identified 35 COI that inhibited virus infection and replication in either Vero or human cell lines. Nine of these also inhibited SARS-CoV-2 replication when treatment commenced after virus infection. Therapeutics approved for treatment of cancer, malaria, hypertension and viral infection were identified with atovaquone, manidipine, vitamin D3 and ebastine being well tolerated with minimal side effects. Only two COI were consistently found to enhance SARS-CoV-2 replication, aliskiren and lithocholic acid.

Interpretation Re-purposing of safe, well-tolerated FDA-approved drugs that inhibit SARS-CoV-2 replication is an attractive strategy to reduce the risk of COVID-19 infection prior to receiving an effective vaccine. The COI identified here hold potential to contain COVID-19 whilst wide-scale vaccination proceeds. The identification of FDA-approved drugs that enhance SARS-CoV-2 replication in human cells suggests that entry routes into cells can be made more accessible to the virus by certain medications.
The information provided in this research paper is for information only and is not meant to be a substitute for advice provided by a doctor or other qualified health care professional.

Funding The research was funded by a grant from the Wellcome Trust (110126/Z/15/Z) to KEK. The Cat 3 facilities were made possible by an award from the BBSRC (BB/T00083X/1) to Jennifer Cavet.
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Footnotes
	We have replaced the opening sentence of the Abstract. The original version stated that the CoV-2 originated in China.  This has not been proven and therefore we have removed the reference to Wuhan, China.  The change in wording does not change the message of the Abstract or the paper.  
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