
Supplementary Figure 1. Overview of the diversity and abundance of the viruses identified in zoo animals 
classified by viral family and host genus.
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Virus diversity, wildlife-domestic animal circulation and
potential zoonotic viruses of small mammals, pangolins and zoo animals
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Supplementary Figure 2. Similarity plot based on the full-length genome sequences of CoVs. Parameters for the similarity plots 
are: window, 500 bp; step, 100 bp.
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Parrot bornavirus 5
Parrot bornavirus 7
Parrot bornavirus 4
Parrot bornavirus 2
Parrot bornavirus 1

Aquatic bird bornavirus 2
Aquatic bird bornavirus 1

Estrildid finch bornavirus 1
Canary bornavirus 3
Canary bornavirus 2
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Canary bornavirus 1

88

Loveridges garter snake virus 1

96

Insectivora  BV SC/C3-16.4/2021
Insectivora  BV SC/C3-29.4/2021
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southwest carpet python virus
jungle carpet python virus
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Bat BV GD/L36.18/2020
Bat BV GD/L67.18/2021
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Wuhan sharpbelly bornavirus
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Cat Mamastrovirus-2

Bat AstV GD/L93.21/2022

Rodent astrovirus CHN/147

Bat astrovirus CMR/Bat-AsV/P02

Bat astrovirus Ha/Guangxi/LS11/2007

Bat AstV CQ/L79.18/2021

Bat AstV GZ/L162.18b/2022

Bat Mamastrovirus-16
Bat AstV GD/L84.18/2021

Turkey Avastrovirus-1

Pig astrovirus 4 PAstV4 (YN01-2020)
Rodent astrovirus HN-014

Bat AstV CQ/L76.18e/2021

Bat AstV GD/L95.21/2022

Bat AstV GZ/L177.18/2022

Bamboo rat AstV GX/B30M0312/2019

Bat Myotis fimbriatus astrovirus

Bat AstV SC/L74.18c/2021

Mink Mamastrovirus-10

Bat AstV SC/L74.18f/2021

Bat Mamastrovirus-15

Bat AstV SC/L74.18b/2021

Caracal cat AstV GD/Z31/2022

Sea-lion Mamastrovirus-4

Bat astrovirus BtAstV/21164-6-B/M.dau/DK/2015

Sea-lion Mamastrovirus-11

Bat Mamastrovirus-14

Bat AstV GZ/L173.18/2022

Bat astrovirus BtAstV/13585-58/M.dau/DK/2014

Bat AstV SC/L74.18a/2021

Rodent AstV GD/C4-34.18/2021

Bat AstV CQ/L76.18c/2021

Bat Mamastrovirus-18

Avocet Avastroviru-2

Pig Mamastrovirus-3

Bat AstV GZ/L162.18a/2022

Human Mamastrovirus-1

Human Mamastrovirus-9

Bat AstV CQ/L76.18d/2021
Bat AstV SC/L74.18d/2021

Sheep Mamastrovirus-13

Bamboo rat astrovirus GX-F3

Bat AstV CQ/L76.18a/2021

Bat AstV GZ/L180.18/2022

Bat AstV CQ/L76.18b/2021

Bat mamastrovirus-17

Rat Mamastrovirus sp. NR/rat01-AstV/HUN/2017

Rodent AstV GD/C5-49.18/2022

Human Mamastrovirus-8

Human Mamastrovirus-6

Rat Mamastrovirus sp. XZS01

Rodent astrovirus HK-1797F

Bat Middle East Hepe-Astrovirus
Duck Avastrovirus-3

Bat AstV GD/L113.18/2022
Bat astrovirus Hil/GX/bszt12

Bat AstV GD/L19.18/2020
Dolphins Mamastrovirus-7

Bamboo rat AstV GX/B30M0308/2019

Bat Mamastrovirus-12

Dog Mamastrovirus-5

Bat Mamastrovirus-19

Bat AstV SC/L74.18e/2021

Arenaviridae  d

Miányáng virus SC/C3−17.18a/2021

Miányáng virus SC/C3−17.18b/2021
Miányáng virus SC/C3−17.4b/2021
Miányáng virus SC/C3−17.2a/2021
Miányáng virus SC/C6−245.18/2021

Miányáng virus SC/C3−17.18c/2021
Miányáng virus SC/C3−17.4c/2021
Miányáng virus SC/C6−247.18/2021
Miányáng virus SC/C3−17.2b/2021

Miányáng virus SC/C3−17.4a/2021
Miányáng virus SC/C6−241.18/2021

Snakes Old schoolhouse virus 1
Snakes Veterinary Pathology Zurich virus 1

Snakes Dante Muikkunen virus 1
Snakes Haartman Institute snake virus

Fish Wenling frogfish arenavirus 1
Fish Wenling frogfish arenavirus 2

Snakes University of Helsinki virus
Snakes Boa arenavirus NL

Snakes Golden Gate virus
Tavallinen suomalainen mies virus
Snakes University of Giessen virus

Snakes CAS virus

Rodent Okahandja virus
Rodent Merino Walk virus

Rodent Luna virus
Rodent Morogoro virus

Rodent Gairo virus
Lassa virus
Rodent Wenzhou virus

Rodent Mariental virus

Human Lujo virus
Rodent Lunk virus
Lymphocytic choriomeningitis virus

Rodent Alxa virus

Machupo virus
Rodent Apore virus
Cupixi virus
Guanarito virus

Rodent Xapuri virus

Rodent Whitewater Arroyo virus
Rodent Tamiami virus
Flexal virus
Pichinde virus0.5
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Mammarenavirus

Old World complex

New World complex

Reptarenavirus

Hartmanivirus

Antennavirus

Gānzī virus SC/C3−32.18/2021
Gānzī virus SC/C3−32.2/2021
ābà virus SC/C3−30.2/2021
ābà virus SC/C3−30.18/2021
ābà virus SC/C3−30.4/2021

h Caliciviridae

Human Sapovirus Hu/GI/Sapporo/MT-2010/1982

Human Houston virus 7-1181-US/1990

Bat calicivirus BtCV/OV-157/M.dau/DK/2018

Bat norovirus-GX/CN/2010

Nacovirus

Minovirus

Bavovirus

Salovirus

Norovirus

Valovirus

Recovirus

Nebovirus

Vesivirus

Lagovirus

Sapovirus

European brown hare syndrome virus-GD/FR/1989
Rabbit hemorrhagic disease virus-Sr12 2/IT/2012

Rabbit calicivirus-1/IT/1996
Rabbit hemorrhagic disease virus-GH/DE/1988

Cattle Newbury-1 virus-UK/1976
Nebraska virus-BEC-NB/US/1980 
Bovine calicivirus-Kirklareli/TR/2012

Canis vesivirus-Bari/212/IT/2007
Calicivirus 2

Canis calicivirus-no48/JP/1990
Feline calicivirus-CFI/US/68

San Miguel sea lion virus-US/1991
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Sapporo virus-JP/1982
Human Manchester virus-GI/UK/1995

Houston90 virus-GII/US/1990
Sapovirus GI.2 Sav GI/Hu/JP/2012/GI.2/OH12009

Porcine sapovirus 43-GVIII/IT/2005
Porcine sapovirus F19-GVIII/CN/2005
Human Arg39 virus-GV/AR/1995
NongKhai virus-GV/TH/2002

Ehime virus-GIV/JP/2002
Angelholm virus-SW278/SE/2004

Human Mex340 virus-GII/MX/1990

Porcine enteric sapovirus Po/SaV/JB-IS123/05/Korea
Cowden I virus-GIII/US/1976
Porcine sapovirus-GIII/CN/2008

Human Bristol virus-GII/UK/1998
London virus-GII/UK/1992

Bat SV GD/L2.18/2020
Bat SV GD/L117.18/2022

Bat SV GZ/L172.18/2022
Bat calicivirus BtMm-CalV/JX2010

Porcine sapovirus-JJ681/US/2000
Porcine sapovirus-2053P4/BR

Bat faecal sapovirus Ad02/aus/1
Bamboo rat sapovirus GX-F1
Bamboo rat SV GX/B80F0508/2019

Bamboo rat SV GX/B45M0108/2019

Bat SV GD/L113.18/2022

Chicken calicivirus-V0021/DE/2004
Chicken calicivirus-D62/KR/2013
Chicken calicivirus-Q45/KR/2013
Turkey calicivirus-L11043/DE/2011

Chicken calicivirus-F10026n/DE/2010
Goose calicivirus-N/CN/2012

Fathead minnow calicivirus-US/2012

Atlantic salmo calicivirus-Nordland/NO/2011
Atlantic salmo calicivirus-AL V901/NO

Swine Calicivirus pig/AB90/CAN

Swine Calicivirus pig/AB104/CAN
Swine Calicivirus pig/F15-10/CAN

Human recovirus Bangladesh-289/BD/2007
Human recovirus Venezuela-VE/2015

Monkey WUHARY calicivirus 1-US/2010
Monkey Tulane Virus-FT205/US/2008
Tulane virus-US/2004

Sheep norovirus Norsewood/NZ/2007
Bovine norovirus Newbury2-UK/1976

Bovine Jena virus-GIII/DE/1980

Dog norovirus-GVII/HK/2007

Murine norovirus 1-GV/US/2002
Rat norovirus-GV/HK/20

Lion norovirus-GIV.2/Pistoia/387/IT/2006

Dog norovirus-GVI.1/Bari/91/IT/2007

Dog Viseu virus-GVI/PT/2007
California sea lion norovirus-Csl/Nov2/PF080916-2/HK/2008

Swine calicivirus-Sw918/JP/1997

Human Yuzawa virus-GVIII/JP/2011 

Bat sapovirus TLC39/HK

Bat  NV GD/L33.18/2021
Bat  NV GZ/L152.18/2022

Bat SV GD/L107.18/2022
Bat SV GZ/L177.18/2022

Rodent HV SC/C3−13.2/2021

Insectivora HV SC/C7−49.2/2022
Insectivora Altai virus

Thottapalayam thottimvirus
Insectivora Imjin thottimvirus
Insectivora Nova mobatvirus

Bat Laibin mobatvirus
Bat Quezon mobatvirus
Bat Robina orthohantavirus
Bat Brno loanvirus

Lizard Gecko reptillovirus

Fish Batfish actinovirus
Fish Goosefish actinovirus

Fish Spikefish actinovirus
Fish Perch actinovirus

Hagfish agnathovirus

Insectivora Jeju orthohantavirus
Insectivora Bowe orthohantavirus
Insectivora Cao Bang orthohantavirus
Insectivora Kenkeme orthohantavirus
Insectivora Oxbow orthohantavirus

Rodent Tigray orthohantavirus
Insectivora Bruges orthohantavirus

Rodent Thailand orthohantavirus
Rodent Hantavirus MAYOV
Rodent Seoul orthohantavirus
Rodent Seoul orthohantavirus

Rodent Dobrava−Belgrade orthohantavirus
Rodent Sangassou orthohantavirus
Rodent Amur virus
Rodent Soochong virus
Hantaan orthohantavirus
Rodent Longquan orthohantavirus 1100
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Orthohantavirus
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Hantaviridae  f

Supplementary Figure 3. Phylogeny trees of other RNA viral families obtained here, related to Figure 4. (a) Picornaviridae,
(b) Paramyxoviridae, (c) Astroviridae, (d) Arenaviridae, (e) Arteriviridae, (f) Hantaviridae, (g) Bornaviridae and (h) Caliciviridae. These
trees were constructed using the same methods descried in the figure legend of Figure 4. Virus names are showed in the topologies.



Supplementary Figure 4. Electron micrograph of PRV particles of PRV FJ/tiger/2015. (a) 1.0 μm. (b) 500 nm.
These experiments were performed in triplicate independently with similar results.

Supplementary Figure 5. Necropsy, showing pathologic changes in a tiger naturally infected with PRV. (a) Lung 
presented severe hemorrhages and congestion. (b) Liver and kidney (c and d) show focal hemorrhage.  

a b

c d

a b



Supplementary Figure 6. Histopathological changes and immunohistochemical detection of PRV 
antigen in a PRV infected tiger. Histopathological changes of the lung (a), liver (b) and spleen (c). 
Immunohistochemical detection of PRV antigen in the lung (d), liver (e) and spleen (f). Magnification of 

a

b

c

d

e

f

the images is × 200. These experiments were performed in triplicate independently with similar results.



Supplementary Figure 7. Histopathological changes after PRV challenge in cats. (a) brain; 
(b) liver; (c) spleen; (d) lung; (e) kidney. Magnification of the images is × 200. These experiments 
were performed in triplicate independently with similar results.

infected control
a

b

c

d

e



Supplementary Figure 8. Histopathological changes after PRV challenge in dogs. 
(a) brain; (b) liver; (c) spleen; (d) lung; (e) kidney. Magnification of the images is × 200.
These experiments were performed in triplicate independently with similar results.
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Supplementary Figure 9. Histopathological changes after PRV challenge in pigs. (a) brain; 
(b) liver; (c) spleen; (d) lung; (e) kidney. Magnification of the images is × 200. These experiments
were performed in triplicate independently with similar results.
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Supplementary Figure 10. Immunohistochemical detection after PRV challenge in cats. (a) brain; 
(b) liver; (c) spleen; (d) lung; (e) kidney. Magnification of the images is × 200. These experiments were
performed in triplicate independently with similar results. 
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Supplementary Figure 11. Immunohistochemical detection of PRV antigen after PRV challenge 
in dogs. (a) brain; (b) liver; (c) spleen; (d) lung; (e) kidney. Magnification of the images is × 200. These
experiments were performed in triplicate independently with similar results. 
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Supplementary Figure 12. Immunohistochemical detection of PRV antigen after PRV challenge
in pigs. (a) brain; (b) liver; (c) spleen; (d) lung; (e) kidney. Magnification of the images is × 200. These
experiments were performed in triplicate independently with similar results.
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SUPPLEMENTARY TABLES 

 Supplementary Table 1. Summary of viral sequences identified in this study. 

 Near-complete genome Partial genome Total number 

 161 56 69 detropeR

 761 29 57 detropernU

 823 751 171 rebmun latoT

 
Supplementary Table 2. Virus distribution in different organs after PRV FJ/tiger/2015 challenge. 

Species 

Organs 

Cat Dog Pig 

Infected group Control group Infected group Control group Infected group Control group 

Brain 3/3 0/3 3/3 0/3 3/3 0/3 

Heart 2/3 0/3 2/3 0/3 1/3 0/3 

Liver 3/3 0/3 3/3 0/3 3/3 0/3 

Spleen 1/3 0/3 3/3 0/3 3/3 0/3 

Lung 3/3 0/3 3/3 0/3 3/3 0/3 

Kidney 1/3 0/3 3/3 0/3 2/3 0/3 

lymph gland 2/3 0/3 2/3 0/3 2/3 0/3 

 


