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Hayashi et al. Figure 1
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https://www.ncbi.nlm.nih.gov/Structure/pdb/6M17

Searching for the best animal model to study COVID-19

Comparison of currently available animal models for SARS-CoV-2 infection and COVID-19.

UPPER LOWER FECES/

ANIMAL MODEL TRACT " TRACT! " SWAB TRANSMISSION TRANSMISSION LOSS  SOURCE
Cat (6 to 9 months) Y+ N Y NR Y (33%) NR )
Chicken N N NR N NR NR (1)
Dog N N Y N NR NR (1)
Duck N N NR N NR NR (1)
Ferret Y+ Y$ Y Y (100%) Y (30%) NR (1,14)
hACE2 mouse NR Y# Y+ NR NR Y &)
Hamster Y+ Y# Y+ Y (100%) NR Y (10)
Kitten Y+ \& NR NR Y (33%) NR )
Macaque Y Y NR NR NR N 2.9
Pig N N NR N NR NR (D)

* Includes nasal washes, nasal swabs, nasal turbinate, soft palate, trachea. fIncludes lung sections.  Denotes detection of infectious virus.
§ Infectious titer in the ferret lung was only reported in (14). COVID-19, coronavirus disease 2019; hACE2, human angiotensin-converting enzyme 2;
NR, not reported; SARS-CoV-2, severe acute respiratory syndrome-coronavirus 2.

Science. 2020 May 29;368(6494):942-943. doi: 10.1126/science.abc6141.



Dogs Cats
Risk factor No. + (total) % p No. + (total) % p
Household 0.004 >0.999
COVID+ 6 (47) 12.8% 1(22) 4.5%
COVID- 2 (133) 1.5% 1 (38) 2.6%
Sex 0.045 0.492
Male 7 (83) 8.4% 2 (31) 6.5%
Female 2 (105) 1.9% 0 (30) 0.0%
Male 2 Tested total 0 Tested total
31 12
Female 0 0



ANIMALS CORONAVIRUS COVERAGE

Seven more big cats test positive for coronavirus at
Bronx Zoo

Following a National Geographic inquiry, the zoo confirms that four more tigers and three lions have the virus.
This comes the same day as two pet cats in New York become the first in the U.S. to test positive.

BY NATASHA DALY

PUBLISHED APRIL 22, 2020

zoo announced Wednesday afternoon, following a National Geographic inquiry. This comes nearly three weeks after one tiger at
the zoo was confirmed to have the virus and six other cats were said to be exhibiting symptoms.

The diagnosis of the tiger, named Nadia, represented “the first time, to our knowledge, that a [wild] animal has gotten sick from
COVID-19 from a person,” Paul Calle, chief veterinarian for the Bronx Zoo, said April 5. The big cats likely contracted the
coronavirus from an infected but asymptomatic zookeeper whose identity is unknown, Calle says: “It’s the only thing that makes

sense.” Calle says.



A

angiotensin-converting enzyme 2 precursor [Homo sapiens] Hayashi et al. Figure 1
NCBI Reference Sequence: NP_001358344.1
353..357 kgd£fr /region_name="Interaction with SARS-CoV spike glycoprotein" /note="propagated from UniProtKB/Swiss-Prot (Q9BYF1.2)"

Species
Homo.
Dog#1l
Dog#2
Dog#3
Dogi4
Cati#l
Cat#2
Tiger#l
Mink
Bat#l
Bat#2
Bat#3
Bati#4
Bat#5
Bati#6
Bat#7
Bati#8
Bat#9
Bat#10
Bat#ll
Bat#12
Bat#13
Bat#1l4
Bat#15
Pan#l
Pan#2
Snai#l
Sna#2

Protein ID

NP 001358344.
NP 001158732.
XP 005641049.
XP 013966804,
XP 022271214,
XP 023104564,
NP 001034545,
XP 007090142,

CCP86723.1

XP 014399780.
XP 014399781.
XP 014399782.
XP 014399783.
XP 024425698
XP 024425699.
XP 008153150.
XP 027986092
XP 023609437.
XP 023609438,
XP 023609439.
XP 028378317.
XP 019522936.
XP 019522943.
XP 019522954
XP 017505746.
XP 017505752.
XP 026530754.
XP 032082934.

Whole Homology

1 301 awdagrifke aekffvsvgl pnmtggfwen smltdpgnvg kavchptawd lgkgdfrilm
1 91.0% 301 wdarkifkea ekffvsvglp nmtgefwgns mltepsdsrk vvchptawdl gkgdfrikmc
1 92.0% 301 wdarkifkea ekffvsvglp nmtgefwens mltepsdsrk vvchptawdl gkgdfrikmc
1 92.0% 301 wdarkifkea ekffvsvglp nmtgefwens mltepsdsrk vvchptawdl gkgdfrikmc
1 79.0% 181 darkifkeae kffvsvglpn mtgefwensm ltepsdsrkv vchptawdlg kgdfrikmct
1 91.0% 301 ngswdarrif keaekffvsv glpnmtggfw ensmltepgd srkvvchpta wdlgkgdfri
1 92.0% 301 swdarrifke aekffvsvgl pnmtggfwen smltepgdsr kvvchptawd lgkgdfrikm
1 92.0% 291 ngswdarrif keaekffvsv glpnmtggfw ensmltepgn sgkvvchpta wdlgkgdfri

93.0% 1 gl pnmtegfwgn smltepgdnr kvvchptawd lgkhdfrikm
1 88.0% 301 wdaekifkea ekfyisvglp smtpgfwnns mltepgdgrk vvchptawdl gkgdfrikmc
1 88.0% 301 wdaekifkea ekfyisvglp smtpgfwnns mltepgdgrk vvchptawdl gkgdfrikmc
1 89.0% 301 wdaekifkea ekfyisvglp smtpgfwnns mltepgdgrk vvchptawdl gkgdfrikmc
1 80.0% 301 wdaekifkea ekfyisvglp smtpgfwnns mltepgdgrk vvchptawdl gkgdfrikmc
1 88.0% 301 wdagrifkea ekffksvglf smtggfwdns mltkpddgre vvchptawdl gnkdfrikmc
1 81.0% 231 dgswdagrif keaekffksv glfsmtggfw dnsmltkpdd grevvchpta wdlgnkdfri
1 88.0% 301 wdaekifkea ekfymsvglp smtpgfwnns mltepgdgrk vvchptawdl gkndfrikmc
1 88.0% 301 wdaekifkea ekfymsvglp smtpgfwnns mltepgdgrk vvchptawdl gkndfrikmc
1 88.0% 301 wdaekifkea ekfyisvglp smtpgfwnns mltepgdgrk vvchptawdl gkgdfrikmc
1 88.0% 301 wdaekifkea ekfyisvglp smtpgfwnns mltepgdgrk vvchptawdl gkgdfrikmc
1 89.0% 301 wdaekifkea ekfyisvglp smtpgfwnns mltepgdgrk vvchptawdl gkgdfrikmc
1 87.0% 301 agrifkeaek ffvsvglfnm tggfwdnsml tkpddgrevv chptawdlgk kdfrikmctk
1 89.0% 301 kwdakkifge aekffvsvgl pnmtkgfwen smltepgdgr kvvchptawd lgkgdfrikm
1 89.0% 301 kwdakkifge aekffvsvgl pnmtkgfwen smltepgdgr kvvchptawd lgkgdfrikm
1 89.0% 301 kwdakkifge aekffvsvgl pnmtkgfwen smltepgdgr kvvchptawd lgkgdfrikm
1 91.0% 301 twdanrifke aekffvsvgl pkmtgtfwen smltepgdgr kvvchptawd lgkhdfrikm
1 91.0% 301 twdanrifke aekffvsvgl pkmtgtfwen smltepgdgr kvvchptawd lgkhdfrikm
1 75.0% 361 ekkwtvdsif kaaehffisi glfnmtesfw knsmleepkd grkvvchpta wdmgkedyri
1 74.0% 321 tkkwtvnsif kaaegfftsi glfpmtdnfw nnsmleepkd grkvvchpta wdmgkkdyri



Mink populations burgeon in the spring, when pups are born, raising concerns about new SARS-CoV-2 outbreaks.
RUSLAN SHAMUKOV/TASS VIA GETTY IMAGES

Coronavirus rips through Dutch mink farms, triggering culls to prevent
human infections SARS-CoV-2 transmission from Minks to Human

By Martin Enserink | Jun. 9,2020,3:30PM  Science . 2020 Jun 12;368(6496):1169. doi: 10.1126/science.368.6496.1169.



Hayashi et al. Figure 1

B CLUSTAL 2.1 multiple sequence alignment

Homo. -—-AWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKAVCHPTAWDLGKGDFRILM--
Dogil -—--WDARKIFKEAEKFFVSVGLPNMTQEFWGNSMLTEPSDSRKVVCHPTAWDLGKGDFRIKMC-
Dog#2 -—--WDARKIFKEAEKFFVSVGLPNMTQEFWENSMLTEPSDSRKVVCHPTAWDLGKGDFRIKMC-
Dog#3 -—--WDARKIFKEAEKFFVSVGLPNMTQEFWENSMLTEPSDSRKVVCHPTAWDLGKGDFRIKMC-
Dog#i4 —-—-—--DARKIFKEAEKFFVSVGLPNMTQEFWENSMLTEPSDSRKVVCHPTAWDLGKGDFRIKMCT
Cat#l NQSWDARRIFKEAEKFFVSVGLPNMTQGFWENSMLTEPGDSRKVVCHPTAWDLGKGDFRI-—---
Cat#2 --SWDARRIFKEAEKFFVSVGLPNMTQGFWENSMLTEPGDSRKVVCHPTAWDLGKGDFRIKM—
Tiger#l NQSWDARRIFKEAEKFFVSVGLPNMTQGFWENSMLTEPGNSQKVVCHPTAWDLGKGDFRI----
Mink -------"-"-"-""-""""-"-"--—- GLPNMTEGFWONSMLTEPGDNRKVVCHPTAWDLGKHDFRIKM--

kkkdkkk: Khk hhkkkk:k - -k khkkkkkkkkkk *kk*k



Angiotensin-converting enzyme 2, partial [Neovison vison]
Sequence ID: CCP86723.1 Length: 471 Number of Matches: 1

Human vs Mink
Range 1: 1 to 471 GenPept Graphics MNext Match Pr

Score Expect Method Identities Positives Gaps
830 bits(2144) 0.0 Compositional matrix adjust. 396/471(84%) 441/471(93%) 0/471(0%)

Query 319 GLPNMTQGFWENSMLTDPGNVQKAVCHPTAWDLGKGDFRYLMCTKVTMDDFLTAHHEMGH 378
GLPNMT+GFW+NSMLT+PG+ +K VCHPTAWDLGK DFRY MCTKVTMDDFLTAHHEMGH
Sbjct 1 GLPNMTEGFWQNSMLTEPGDNRKVYCHPTAWDLGKHDFRYKMCTKVTMDDFLTAHHEMGH 60

Query 379 IQYDMAYAAQPFLLRNGANEGFHEAVGEIMSLSAATPKHLKSIGLLSPDFQEDNETEINF 438
IQYDMAYAAQPFLLRNGANEGFHEAVGEIMSLSAATP HLK+IGLL PDF ED+ET+INF
Sbjct 61 IQYDMAYAAQPFLLRNGANEGFHEAVGEIMSLSAATPNHLKNIGLLPPDFSEDSETDINF 120

Query 439 LLKQALTIVGTLPFTYMLEKWRWMYFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYC 498
LLEKQALTIVGTLPFTYMLEKWRWMYFKGETPK+QWM+KWIWEMKR+IVGVYWVEP+PHDETYC
Sbjct 121 LLKQALTIVGTLPFTYMLEKWRWMYFKGEIPKEQWMQKWWEMKRDIVGVVEPLPHDETYC 186

Query 499 DPASLFHVSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHKCDISNSTEAGQKLFNML 558
DPA+LFHV+NDYSFIRYYTRT+YQFQFQEALCQ AKHEGPL+KCDISNS EAGQKL ML
Sbjct 181 DPAALFHVANDYSFIRYYTRTIYQFQFQEALCQIAKHEGPLYKCDISNSREAGQKLHEML 248

Query 559 RLGKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPYADQSI 618
LG+5+PWT ALE VWGAK M+VRPLLNYFEPLFTWLK+QN+NSFVGW+TDWSPYADQSL
Sbjct 241 SLGRSKPWTFALERVVGAKTMDVRPLLNYFEPLFTWLKEQNRNSFVGWNTDWSPYADQSI 300

Query 619 KVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKNQMILFGEEDVRVANLKPR 678
KVRISLKSALG+KAYEWNDNEMY F+S55+AYAMR+YF KVK Q@ I F ++DVRV++LKPR
Sbjct 301 KVRISLKSALGEKAYEWNDMEMYFFQSSIAYAMREYFSKVKKQTIPFVDKDVRVSDLKPR 360

Query 679 ISFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRINDAFRLNDNSLEFLGIQPTLGPPNQPP 738
ISFNF VT+P+N+SDIIPR +VE+AIR SR RIMDAFRL+DNSLEFLGIQPTL PP QPP
Sbjct 361 ISFNFIVTSPENMSDIIPRADVEEAIRKSRGRINDAFRLDDNSLEFLGIQPTLEPPYQPP 420

Query 739 VSIWLIVFGVWWMGYIVVGIVILIFTGIRDRKKKMNKARSGENPYASIDISKG 789
V+TWLIVFGYVWMGEY+WGET +LTF+GIR+R+K MN+ARS ENPYAS+D+5KG https Wwwncb|n|mn|hgo\/ nuccore/HAAF01014901.1
Sbjct 421 VTIWLIVFGVWMGVVWWVGIFLLIFSGIRNRRKNNQARSEENPYASVDLSKG 471 https://blast.ncbi.nim.nih.gov/Blast.cgi#alnHdr 1064617951



https://www.ncbi.nlm.nih.gov/nuccore/HAAF01014901.1

Hayashi et al. Figure 2

A Homo sapiens (human) Neovison vison (American mink)




Hayashi et al. Figure 2
Spike glycoprotein Receptor Binding Domain (RBD)
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glycoprote

ACE2 Sequence/Alignment Viewer

hACE2 GLPNMTQGFWENSMLTDPGNVQKAVCHPTAWDLGKGDFR

mACE2 GLPNMTEGFWQNSMLTEPGDNRKVVCHPTAWDLGKHDFR
* % *

RBD of Spike

Binding energy
/| -11.78 Kcal/mol

Hayashi et al. Figure 2

RBD of Spike

in glycoprotein

Binding energy
’| -16.49 Kcal/mol

I TLMCTKVTMDDFLTAHHEMGHI
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3D structure analysis by in silico
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