
This is a repository copy of A prenylated dsRNA sensor protects against severe COVID-
19.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/179044/

Version: Published Version

Article:

Wickenhagen, A, Sugrue, E, Lytras, S et al. (420 more authors) (2021) A prenylated 
dsRNA sensor protects against severe COVID-19. Science. ISSN 0036-8075 

https://doi.org/10.1126/science.abj3624

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 



Cite as: A. Wickenhagen et al., Science 

10.1126/science.abj3624 (2021).  

 
 

First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 1

   

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 2 

 

′ ′

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 3 

 

′

′

′

′

′

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 4 

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 5 

 

′

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 6 

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 7 

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 8 

 

′

′

μ

μ

′
′ ′

′

′
′ ′

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 9 

 

′
′

′ ′

′ ′

′ ′

′

∆ ∆

′ ′
′

′ Δ
′ ′

′
′ Δ

μ

μ μ

′ ′
′ ′

′ ′ ′
′ ′

′ ′
′ ′ ′

′ ′
′ ′

′ ′ ′
′ ′

′ ′

′ ′ ′
′ ′

′ ′
′ ′ ′

′ ′
′ ′

′ ′ ′
′ ′

μ

μ

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/
https://chopchop.cbu.uib.no/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 10 

 

μ

μ

   

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/
https://doi.org/10.5525/gla.researchdata.1178
https://mrcppu-covid.bio/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 11 

 

μ

μ μ

μ

μ

‐

μ

μ

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 12 

 

μ

μ

′

μ
μ μ μ

′

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/
https://htseq-clip.readthedocs.io/en/latest/overview.html
https://htseq-clip.readthedocs.io/en/latest/overview.html


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 13 

 

′ ′

′

′ ′

′

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/
https://jgi.doe.gov/data-and-tools/bb-tools/
https://jgi.doe.gov/data-and-tools/bb-tools/
https://github.com/genome/bam-readcount
https://github.com/spyros-lytras/bat_OAS1
https://github.com/spyros-lytras/bat_OAS1
https://github.com/spyros-lytras/bat_OAS1


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 14 

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/
https://github.com/spyros-lytras/bat_OAS1
http://www.interferome.org/
https://isaric4c.net/
https://www.isrctn.com/ISRCTN66726260
https://isaric4c.net/protocols/
https://doi.org/10.7488/ds/3139


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 15 

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/
http://dx.doi.org/10.1038/s41586-020-03065-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33307546&dopt=Abstract
http://dx.doi.org/10.1126/science.abd4585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32972996&dopt=Abstract
http://dx.doi.org/10.1016/S2213-2600(20)30511-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33189161&dopt=Abstract
http://dx.doi.org/10.1016/j.chom.2016.01.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26867177&dopt=Abstract
http://dx.doi.org/10.1016/j.chom.2016.08.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27631702&dopt=Abstract
http://dx.doi.org/10.1038/nature09907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21478870&dopt=Abstract
http://dx.doi.org/10.1016/j.cell.2020.02.052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32142651&dopt=Abstract
http://dx.doi.org/10.1371/journal.pbio.3001091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33630831&dopt=Abstract
http://dx.doi.org/10.1016/j.virol.2008.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19007960&dopt=Abstract
http://dx.doi.org/10.1038/s41598-020-79033-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33339864&dopt=Abstract
http://dx.doi.org/10.1038/s41586-020-2294-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32365353&dopt=Abstract


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 16 

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/
http://dx.doi.org/10.1038/s41564-018-0273-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30478388&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1218528110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23319625&dopt=Abstract
http://dx.doi.org/10.1126/science.1249845
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24578532&dopt=Abstract
http://dx.doi.org/10.1038/s41586-019-1612-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31546246&dopt=Abstract
http://dx.doi.org/10.1038/nm.1992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19543282&dopt=Abstract
http://dx.doi.org/10.1038/s41467-019-11425-0
http://dx.doi.org/10.1038/s41467-019-11425-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31387993&dopt=Abstract
http://dx.doi.org/10.1038/nature12684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24162852&dopt=Abstract
http://dx.doi.org/10.1038/s41564-021-00908-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33907312&dopt=Abstract
https://doi.org/10.1101/2021.07.23.453488
http://dx.doi.org/10.1093/nar/gks1215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23203888&dopt=Abstract
http://dx.doi.org/10.1038/s41591-021-01281-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33633408&dopt=Abstract
http://dx.doi.org/10.1016/j.cell.2020.05.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32526206&dopt=Abstract
http://dx.doi.org/10.1073/pnas.2026309118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33593941&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34237774&dopt=Abstract
http://dx.doi.org/10.1371/journal.pbio.2004086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29253856&dopt=Abstract
http://dx.doi.org/10.1038/268537a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=560630&dopt=Abstract
http://dx.doi.org/10.1016/j.biochi.2007.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17400356&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1519657113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26858407&dopt=Abstract
http://dx.doi.org/10.1016/j.molcel.2019.07.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31494035&dopt=Abstract
http://dx.doi.org/10.1016/j.molcel.2019.07.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31494033&dopt=Abstract
http://dx.doi.org/10.1093/emboj/16.21.6355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9351818&dopt=Abstract
http://dx.doi.org/10.1038/nature06042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17653195&dopt=Abstract
http://dx.doi.org/10.1182/blood-2009-04-214957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20130243&dopt=Abstract
http://dx.doi.org/10.1016/j.ymeth.2019.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31610236&dopt=Abstract
http://dx.doi.org/10.1038/nmeth.3810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27018577&dopt=Abstract
http://dx.doi.org/10.1080/15476286.2020.1814556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32965173&dopt=Abstract
http://dx.doi.org/10.1016/j.molcel.2019.01.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30799147&dopt=Abstract
http://dx.doi.org/10.1038/s41586-018-0363-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30046113&dopt=Abstract
http://dx.doi.org/10.1093/nar/gkp335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19458158&dopt=Abstract
http://dx.doi.org/10.1016/j.molcel.2010.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20513432&dopt=Abstract


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 17 

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32678884&dopt=Abstract
http://dx.doi.org/10.1016/j.bbrc.2009.07.167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19665006&dopt=Abstract
http://dx.doi.org/10.1128/mBio.00420-18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29666283&dopt=Abstract
http://dx.doi.org/10.1038/330587a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2825034&dopt=Abstract
http://dx.doi.org/10.1016/j.coviro.2015.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26231767&dopt=Abstract
http://dx.doi.org/10.1073/pnas.0602184103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16627618&dopt=Abstract
http://dx.doi.org/10.1371/journal.pbio.0060226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18798692&dopt=Abstract
http://dx.doi.org/10.3390/v8060160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27338443&dopt=Abstract
http://dx.doi.org/10.1128/JVI.02501-05
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16731931&dopt=Abstract
http://dx.doi.org/10.1086/429391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15732009&dopt=Abstract
http://dx.doi.org/10.1371/journal.pgen.1006820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28640813&dopt=Abstract
http://dx.doi.org/10.1016/j.humimm.2012.11.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23220500&dopt=Abstract
http://dx.doi.org/10.1371/journal.ppat.1000321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19247438&dopt=Abstract
http://dx.doi.org/10.1111/j.1440-1746.2010.06605.x
http://dx.doi.org/10.1111/j.1440-1746.2010.06605.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21182542&dopt=Abstract
http://dx.doi.org/10.1016/j.chom.2019.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30713099&dopt=Abstract
http://dx.doi.org/10.1186/gb-2005-6-6-r55
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15960807&dopt=Abstract
http://dx.doi.org/10.3390/v11121122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31817188&dopt=Abstract
https://doi.org/10.1101/2021.03.20.21254005
http://dx.doi.org/10.1016/j.chom.2012.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22704621&dopt=Abstract
http://dx.doi.org/10.1128/JVI.02201-16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28003490&dopt=Abstract
http://dx.doi.org/10.1128/mBio.00258-16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27025250&dopt=Abstract
http://dx.doi.org/10.1128/JVI.02420-14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25552712&dopt=Abstract
http://dx.doi.org/10.1128/JVI.79.3.1595-1604.2005
http://dx.doi.org/10.1128/JVI.79.3.1595-1604.2005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15650185&dopt=Abstract
http://dx.doi.org/10.1186/s12985-017-0907-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29258555&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(13)70164-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23933067&dopt=Abstract
http://dx.doi.org/10.1128/mBio.01146-14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24781747&dopt=Abstract
https://doi.org/10.1101/2021.01.22.427830
http://dx.doi.org/10.1128/mBio.01312-14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24987090&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1306917110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23878220&dopt=Abstract


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 18 

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/
http://dx.doi.org/10.1038/nature12711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24172901&dopt=Abstract
http://dx.doi.org/10.1126/science.1087139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12958366&dopt=Abstract
http://dx.doi.org/10.1371/journal.pbio.3001115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33711012&dopt=Abstract
http://dx.doi.org/10.1186/s42269-021-00589-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34335014&dopt=Abstract
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-discovery/hospitalization-death-by-race-ethnicity.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-discovery/hospitalization-death-by-race-ethnicity.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-discovery/hospitalization-death-by-race-ethnicity.html
http://dx.doi.org/10.2337/diabetes.54.5.1588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15855350&dopt=Abstract
http://dx.doi.org/10.1038/nature22975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28636590&dopt=Abstract
http://dx.doi.org/10.3389/fimmu.2020.00026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32117225&dopt=Abstract
https://batnames.org/
http://dx.doi.org/10.1073/pnas.1919176117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32284401&dopt=Abstract
http://dx.doi.org/10.1016/j.chom.2018.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29478775&dopt=Abstract
http://dx.doi.org/10.1016/j.febslet.2012.11.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23196181&dopt=Abstract
http://dx.doi.org/10.1038/nature12862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24284630&dopt=Abstract
http://dx.doi.org/10.1016/j.antiviral.2016.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27395032&dopt=Abstract
http://dx.doi.org/10.1016/j.virol.2014.10.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25463600&dopt=Abstract
http://dx.doi.org/10.1128/JVI.00951-19
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31375575&dopt=Abstract
http://dx.doi.org/10.1016/j.virusres.2004.02.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15163504&dopt=Abstract
http://dx.doi.org/10.1128/JVI.01205-16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27489273&dopt=Abstract
http://dx.doi.org/10.1006/viro.2000.0293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10860881&dopt=Abstract
http://dx.doi.org/10.1128/JVI.02140-17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29695422&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0112014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25390891&dopt=Abstract
http://dx.doi.org/10.1038/nmeth.3840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27111506&dopt=Abstract
http://dx.doi.org/10.1142/9781848165632_0019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20180275&dopt=Abstract
http://dx.doi.org/10.1093/nar/gkv1272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26612867&dopt=Abstract
https://doi.org/10.5281/zenodo.5513932
http://dx.doi.org/10.1093/nar/gkw1065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27899678&dopt=Abstract
http://dx.doi.org/10.1093/bioinformatics/bts635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23104886&dopt=Abstract
http://dx.doi.org/10.1186/s12859-015-0670-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26187896&dopt=Abstract
http://dx.doi.org/10.1093/nar/gkw501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27257077&dopt=Abstract
http://dx.doi.org/10.1093/molbev/msx116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28387841&dopt=Abstract


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 19 

 

 D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/
https://github.com/spyros-lytras/bat_OAS1
https://github.com/spyros-lytras/bat_OAS1
https://isaric4c.net/protocols
https://www.isrctn.com/ISRCTN66726260
https://doi.org/10.7488/ds/3139
https://doi.org/10.5525/gla.researchdata.1178
https://creativecommons.org/licenses/by/4.0/
https://science.org/doi/10.1126/science.abj3624


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 20 

 

 

  

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 21 

 

 

  

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/
https://www.covid19hg.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 22 

 

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 23 

 

  

α

α

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 24 

 

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 25 

 

 

α

α

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 26 

 

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/


First release: 28 September 2021  www.sciencemag.org  (Page numbers not final at time of first release) 27 

 

 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1

http://www.sciencemag.org/
http://www.timetree.org/


Use of think article is subject to the Terms of service

Science (ISSN 1095-9203) is published by the American Association for the Advancement of Science. 1200 New York Avenue NW,
Washington, DC 20005. The title Science is a registered trademark of AAAS.
Copyright © 2021 The Authors, some rights reserved; exclusive licensee American Association for the Advancement of Science. No claim to

original U.S. Government Works. Distributed under a Creative Commons Attribution License 4.0 (CC BY).

A prenylated dsRNA sensor protects against severe COVID-19

Arthur Wickenhagen, Elena Sugrue, Spyros Lytras, Srikeerthana Kuchi, Marko Noerenberg, Matthew L. Turnbull, Colin Loney,
Vanessa Herder, Jay Allan, Innes Jarmson, Natalia Cameron-Ruiz, Margus Varjak, Rute M. Pinto, Jeffrey Y. Lee, Louisa Iselin,
Natasha Palmalux, Douglas G. Stewart, Simon Swingler, Edward J. D. Greenwood, Thomas W. M. Crozier, Quan Gu, Emma
L. Davies, Sara Clohisey, Bo Wang, Fabio Trindade Maranhão Costa, Monique Freire Santana, Luiz Carlos de Lima Ferreira,
Lee Murphy, Angie Fawkes, Alison Meynert, Graeme Grimes, , Joao Luiz Da Silva Filho, Matthias Marti, Joseph Hughes,
Richard J. Stanton, Eddie C. Y. Wang, Antonia Ho, Ilan Davis, Ruth F. Jarrett, Alfredo Castello, David L. Robertson, Malcolm
G. Semple, Peter J. M. Openshaw, Massimo Palmarini, Paul J. Lehner, J. Kenneth Baillie, Suzannah J. Rihn, Sam J. Wilson,
J. Kenneth Baillie, Malcolm G. Semple, Peter J. M. Openshaw, Gail Carson, Beatrice Alex, Benjamin Bach, Wendy S. Barclay,
Debby Bogaert, Meera Chand, Graham S. Cooke, Annemarie B. Docherty, Jake Dunning, Ana da Silva Filipe, Tom Fletcher,
Christopher A. Green, Ewen M. Harrison, Antonia Ying Wai Ho, Peter W. Horby, Samreen Ijaz, Saye Khoo, Paul Klenerman,
Andrew Law, Wei Shen Lim, Alexander J. Mentzer, Laura Merson, Alison M. Meynert, Mahdad Noursadeghi, Shona C. Moore,
Massimo Palmarini, William A. Paxton, Georgios Pollakis, Nicholas Price, Andrew Rambaut, David L. Robertson, Clark D.
Russell, Vanessa Sancho-Shimizu, Janet T. Scott, Thushan de Silva, Louise Sigfrid, Tom Solomon, Shiranee Sriskandan,
David Stuart, Charlotte Summers, Richard S. Tedder, Emma C. Thomson, A. A. Roger Thompson, Ryan S. Thwaites, Lance
C. W. Turtle, Rishi K. Gupta, Carlo Palmieri, Olivia V. Swann, Maria Zambon, Marc-Emmanuel Dumas, Julian L. Griffin,

Zoltan Takats, Kanta Chechi, Petros Andrikopoulos, Anthonia Osagie, Michael Olanipekun, Sonia Liggi, Matthew R. Lewis,

Gonçalo dos Santos Correia, Caroline J. Sands, Panteleimon Takis, Lynn Maslen, Hayley Hardwick, Chloe Donohue, Fiona

Griffiths, Wilna Oosthuyzen, Cara Donegan, Rebecca G. Spencer, Lisa Norman, Riinu Pius, Thomas M. Drake, Cameron J.

Fairfield, Stephen R. Knight, Kenneth A. Mclean, Derek Murphy, Catherine A. Shaw, Jo Dalton, Michelle Girvan, Egle Saviciute,

Stephanie Roberts, Janet Harrison, Laura Marsh, Marie Connor, Sophie Halpin, Clare Jackson, Carrol Gamble, Daniel Plotkin,

James Lee, Gary Leeming, Andrew Law, Murray Wham, Sara Clohisey, Ross Hendry, James Scott-Brown, William Greenhalf,

Victoria Shaw, Sarah E. McDonald, Seán Keating, Katie A. Ahmed, Jane A. Armstrong, Milton Ashworth, Innocent G. Asiimwe,

Siddharth Bakshi, Samantha L. Barlow, Laura Booth, Benjamin Brennan, Katie Bullock, Benjamin W. A. Catterall, Jordan J.

Clark, Emily A. Clarke, Sarah Cole, Louise Cooper, Helen Cox, Christopher Davis, Oslem Dincarslan, Chris Dunn, Philip Dyer,

Angela Elliott, Anthony Evans, Lorna Finch, Lewis W. S. Fisher, Terry Foster, Isabel Garcia-Dorival, William Greenhalf, Philip

Gunning, Catherine Hartley, Rebecca L. Jensen, Christopher B. Jones, Trevor R. Jones, Shadia Khandaker, Katharine King,

Robyn T. Kiy, Chrysa Koukorava, Annette Lake, Suzannah Lant, Diane Latawiec, Lara Lavelle-Langham, Daniella Lefteri,

Lauren Lett, Lucia A. Livoti, Maria Mancini, Sarah McDonald, Laurence McEvoy, John McLauchlan, Soeren Metelmann, Nahida

S. Miah, Joanna Middleton, Joyce Mitchell, Shona C. Moore, Ellen G. Murphy, Rebekah Penrice-Randal, Jack Pilgrim, Tessa

Prince, Will Reynolds, P. Matthew Ridley, Debby Sales, Victoria E. Shaw, Rebecca K. Shears, Benjamin Small, Krishanthi S.

Subramaniam, Agnieska Szemiel, Aislynn Taggart, Jolanta Tanianis-Hughes, Jordan Thomas, Erwan Trochu, Libby van Tonder,

Eve Wilcock, J. Eunice Zhang, Lisa Flaherty, Nicole Maziere, Emily Cass, Alejandra Doce Carracedo, Nicola Carlucci, Anthony

Holmes, Hannah Massey, Lee Murphy, Nicola Wrobel, Sarah McCafferty, Kirstie Morrice, Alan MacLean, Kayode Adeniji, Daniel

Agranoff, Ken Agwuh, Dhiraj Ail, Erin L. Aldera, Ana Alegria, Sam Allen, Brian Angus, Abdul Ashish, Dougal Atkinson, Shahedal

Bari, Gavin Barlow, Stella Barnass, Nicholas Barrett, Christopher Bassford, Sneha Basude, David Baxter, Michael Beadsworth,

Jolanta Bernatoniene, John Berridge, Colin Berry, Nicola Best, Pieter Bothma, David Chadwick, Robin Brittain-Long, Naomi

Bulteel, Tom Burden, Andrew Burtenshaw, Vikki Caruth, David Chadwick, Duncan Chambler, Nigel Chee, Jenny Child, Srikanth

Chukkambotla, Tom Clark, Paul Collini, Catherine Cosgrove, Jason Cupitt, Maria-Teresa Cutino-Moguel, Paul Dark, Chris

Dawson, Samir Dervisevic, Phil Donnison, Sam Douthwaite, Andrew Drummond, Ingrid DuRand, Ahilanadan Dushianthan,

Tristan Dyer, Cariad Evans, Chi Eziefula, Chrisopher Fegan, Adam Finn, Duncan Fullerton, Sanjeev Garg, Atul Garg, Effrossyni
Gkrania-Klotsas, Jo Godden, Arthur Goldsmith, Clive Graham, Elaine Hardy, Stuart Hartshorn, Daniel Harvey, Peter Havalda,
Daniel B. Hawcutt, Maria Hobrok, Luke Hodgson, Anil Hormis, Michael Jacobs, Susan Jain, Paul Jennings, Agilan Kaliappan,

Vidya Kasipandian, Stephen Kegg, Michael Kelsey, Jason Kendall, Caroline Kerrison, Ian Kerslake, Oliver Koch, Gouri Koduri,

George Koshy, Shondipon Laha, Steven Laird, Susan Larkin, Tamas Leiner, Patrick Lillie, James Limb, Vanessa Linnett,
Jeff Little, Mark Lyttle, Michael MacMahon, Emily MacNaughton, Ravish Mankregod, Huw Masson, Elijah Matovu, Katherine
McCullough, Ruth McEwen, Manjula Meda, Gary Mills, Jane Minton, Mariyam Mirfenderesky, Kavya Mohandas, Quen Mok,

James Moon, Elinoor Moore, Patrick Morgan, Craig Morris, Katherine Mortimore, Samuel Moses, Mbiye Mpenge, Rohinton

Mulla, Michael Murphy, Megan Nagel, Thapas Nagarajan, Mark Nelson, Lillian Norris, Matthew K. O’Shea, Igor Otahal, Marlies
Ostermann, Mark Pais, Carlo Palmieri, Selva Panchatsharam, Danai Papakonstantinou, Hassan Paraiso, Brij Patel, Natalie
Pattison, Justin Pepperell, Mark Peters, Mandeep Phull, Stefania Pintus, Jagtur Singh Pooni, Tim Planche, Frank Post, David

Price, Rachel Prout, Nikolas Rae, Henrik Reschreiter, Tim Reynolds, Neil Richardson, Mark Roberts, Devender Roberts, Alistair

Rose, Guy Rousseau, Bobby Ruge, Brendan Ryan, Taranprit Saluja, Matthias L. Schmid, Aarti Shah, Prad Shanmuga, Anil
Sharma, Anna Shawcross, Jeremy Sizer, Manu Shankar-Hari, Richard Smith, Catherine Snelson, Nick Spittle, Nikki Staines,
Tom Stambach, Richard Stewart, Pradeep Subudhi, Tamas Szakmany, Kate Tatham, Jo Thomas, Chris Thompson, Robert

Thompson, Ascanio Tridente, Darell Tupper-Carey, Mary Twagira, Nick Vallotton, Rama Vancheeswaran, Lisa Vincent-Smith,
Shico Visuvanathan, Alan Vuylsteke, Sam Waddy, Rachel Wake, Andrew Walden, Ingeborg Welters, Tony Whitehouse, Paul

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1



Use of think article is subject to the Terms of service

Science (ISSN 1095-9203) is published by the American Association for the Advancement of Science. 1200 New York Avenue NW,
Washington, DC 20005. The title Science is a registered trademark of AAAS.
Copyright © 2021 The Authors, some rights reserved; exclusive licensee American Association for the Advancement of Science. No claim to

original U.S. Government Works. Distributed under a Creative Commons Attribution License 4.0 (CC BY).

Whittaker, Ashley Whittington, Padmasayee Papineni, Meme Wijesinghe, Martin Williams, Lawrence Wilson, Sarah Cole,
Stephen Winchester, Martin Wiselka, Adam Wolverson, Daniel G. Wootton, Andrew Workman, Bryan Yates, and Peter Young

Science, Ahead of Print • DOI: 10.1126/science.abj3624

View the article online

https://www.science.org/doi/10.1126/science.abj3624

Permissions

https://www.science.org/help/reprints-and-permissions

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at S
h
effield

 U
n
iv

ersity
 o

n
 O

cto
b
er 1

1
, 2

0
2
1


