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[ Abstract] COVID-19 is a respiratory disease caused by a new coronavirus named severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Since the first confirmed COVID-19 case, it has spread as a pandemic globally in
a short time, resultsing in a contagion with numerous deaths. To accelerate research on COVID-19 systematically, a variety
of laboratory animals have been investigated, indicating that non-human primates, mice, Syrian hamsters, ferrets, and
domestic cats support replication of SARS-CoV-2. Among them, some animals present different degrees of pathological
changes and clinical symptoms in response to SARS-CoV-2 infection. COVID-19 animal models would be of great
significance to study the mechanisms of SARS-CoV-2 transmission ad pathogenesis, as well as testing drugs and vaccines.
This is a summary of the preparation of COVID-19 animal models in the past 6 months. We investigated the characteristics
and scope of each animal model to provide a theoretical reference for future optimization and selection of COVID-19 animal
models for specific purposes.
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Table 1 Animal models for SARS-CoV-2 infection and disease

B
Animal
model

FREERR R ARG R
Virus strain, dose and

route of challenge

By
Ko 352 2 s MM T
Viral replication detected in Disease and pathology ' Reference

from animal to

animal

NEREIE/ 73
Rhesus

macaques

R
Cynomolgus
monkey

hACE2 /M,
hACE2 mice

BRI
Syrian
hamster

E-p il

Ferrets

ujil
Cat

nCoV-WAL - 2020, 4 x 10°
TCIDs,/mL < & \,,\[—lﬂ’”*ﬂﬁﬁ
BEGHERD

nCoV-WAI - 2020, 4 x 10°
TCIDsy/mL IT, IN, PO and

ocular combined inoculation.

BetaCoV/Munich/BavPat1/2020,
10° TCIDy, < % 1 & 9 Bk &

HeFh,
BetaCoV/Munich/BavPat1l/
2020. 106TCIDs, IT and IN

combined inoculation.

HB-01 7 ¥k, 10° TCID, £ 4
R,
HB-01 strain. 10° TCID, IN

inoculation.

BetaCoV/Hong Kong/
VM20001061/2020 #: %, 8 x10*
TCIDs, 8% 10° PFU & YR,
BetaCoV/Hong Kong/
VM20001061,/2020, 8 X 10* or
10° PFU TCIDs, IN inoculation.

NMC-nCoVO2 # #k, 105.5
TCID50 £ PR,
NMC-nCoV02. 105.5 TCIDs, IN

inoculation.

CTan-H # #k, 10° PFU & 1§
Bl
CTan-H strain. 10° PFU IN

inoculation.

BE, BHTRE, S maEA
W F.1~3 d, B F.1~3d,  FBiK, ZLEMEMRHE S A%K
JUEM W 1~ 5 d, FF B,
Wi, Piloerection, reduced appetite,
Throat swabs day 1~3, nose swab  hunched posture, pale appearance
day 1~3, bronchoalveolar lavages  and dehydration.
day 1~5, respiratory tract. Multifocal lung pathology similar to
human disease.

ST 50 2 REHS 4 Kk

T4 1 Kok 4 K, FGHRAREIR
Nasal swab day 2 or day 4. Throat ~ No clinical disease. o
swabs day 1 or day 4.

5 AN R s 55 [ i
PR 5 S S R A0 il i
it s 55 3 2K B4 9% T I e i L&ﬁ;ﬁﬂmr\o
102. 44 TCID5,/100 wL, Decreased arch and external
Lungs, peak titer 102. 44TCIDy,/  stimuli, interstitial pneumonia.

[23]

100 pL at day 3. Viral  antigen in  bronchial
epithelial ~ cells and  alveolar
epithelium have.

Jifi 0 i | S b e AR T AR
BRI R R

555 2 KBS RN deg 100 DR, P 2B SR T AIRE IR

~10" TCIDsy/g HEL, B .2~ AR

Viral antigen in pneumocytes,

TR nasal epithelial cells, duodenum £ [26,29]
Lungs, peak titer 10° ~ 107 I Yes
epithelial.
TCIDs,/g tissue at day 2. Nasal Lung pathology. Weight loss,
turbinate day 2~7. Symptoms of drowsiness, hairy
hair, hunchback, and shortness of
breath.
i < 55 4 KR FE e, 101. 4
TCIDs,/g ZHEY; & W .5 4 KR
BRI ¥ IR m, 103,23 TCIDs/g
m, FEMHRAER 2 L
Lungs, peak titer 101. 4 TCID5,/g  No clinical disease. Yes o
tissue at day 4. Nasal turbinate,
peak titer 101.4 TCIDs,/g tissue
at day 4.
LA AR 2~ 7 d SRR, T RAEIR H
Nasal turbinate, lung, soft palate  Nasal, Lung pathology but no Yﬂi (31]

day 2~7. clinical disease.

T B

IN: By 1T UE A PO IR,

Note. —, Not done. IN, intranasal. IT, intratracheal. PO, oral.

3 E3%E COVID-19 shipiE sl

A BT PR TE A ) LA R SR BERG BT
HRAAR B 25 NP TEIR G AR AR B, 6 FH RIS
WG TEJRE 14 52 0 S AR

Shi 231 2351157

10° PFU SARS-CoV-2/F13/environment/2020/ Wuhan
(F13-E) Al SARS-CoV-2/CTan/human/2020/ Wuhan
(CTan-H) FiFf SARS-CoV-2 Jji ¢ b it b Y RN TS
o RN B W SRR O R TR
PEH AR RREAR , A 2338 U™ BRI T, PR
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BEIRYLIE 8 d B TRVBAK AR REAS R B9 85 RNA ; i ]
IR R 76 P T 2t 240 | s 4 e A e M A )
HOR 3N, Kim 25 3R JH 105.5 TCID,,/ml. SARS-
CoV-2 NMC-nCoVO02 iR S NAEF IR, R TX
YRR AL RN FET- B4 (2 FH RT-qPCR 7£
JRYLE 8 d ISR SRR VR | PRI RIS A PN A] A
EEEE RNA, BB, 8l 2 d J5, Ty
i 550 B4 Sh A R A I 1) SARS-CoV-2, i AHAR & h 6
ANIFRWA 2 MR EE R, XL R SRR
Bif)7 COVID-19 HEIEShsRl |

4 3% COVID-19 ZhiyiEsy

Wan 5P BTG S HEH S ACE2 EHE
BRI = 443 1 25 K T AR Y | % B SARS-CoV-2
REA R Al 45 oA 3 ) i ACE2, 3% 26 3 ) Y

ACE2 B A 54550 15 1 Sl R SEAH Rl sl AR L, 26
B SARS (9% SARS-CoV 58 B, 51 A 18 =k
el R 2 T8 AL R L H A Shi &PV
THAE N COVID-19 35 43 2 56 R 7 ( CTan-H)
H15 3, 2 B N¥ 10°PFU CTan-H SARS-CoV-2 #
PRIEFN A, LS 3 d, B R FE B A Bk
A il /N R I ) i RNA, RS 6 d AEM 2
PSR B Ak A, — R R <A D —
R/ NG R 25 8 RNA . XHERGLSS 3 d
6 d WAL 2V B 22 0 7, S U R L Rz R Al 5
AR, RIS, 554 R [R) 28 04 oA H2 A . %
Yu' I SARS-CoV-2, KW 45 by 52 B 25 A% 15 1) Ik
Yel3) TR LSRG 2 0 S
B F A2 SARS-CoV -2 18415 4 Hifl Al | %85 i %
TEPEF B [ RRAS R BRI N2

&2 COVID-19 ShWRERLN ] H gL
Table 2 Comparison of the applications of COVID-19 animal models

Y

Animal model

Peri

Advantage

BT NEHRITFE 40 SCHk
Disadvantages Applied research field Reference

fEIAE

Rhesus macaques

HNKHEGIT, ACE2 TR T 5 A
AR, X SARS-CoV-2 Syl , I e
SRR

Similar to humans. ACE2 amino acid
humans.

sequence is  similar  to

Wik Bt BORA B, (AR RCT
K, JCERERRAET FHIE

Expensive, the quantity is limited.
Slight weight loss. No severe or fatal

Al R o, T 2 e i
B PRGN R

Used for infection research, for the
evaluation and screening of drugs and

[10, 11, 13]

Susceptible to SARS-CoV-2. Older rhesus characteristics. vaccines.
monkey infections are more serious.
WAk B Bt B A R, RO, JC
R PRAEERR , 48 73 e 3y 4yt AR N N
T g gpperr T BEERERTSE .
TSRS, TREHIE, . . [1s]
Cynomolgus . . . Used to simulate asymptomatic -
Similar to humans. Expensive , the quantity is limited. No
monkey . . research.
clinical ~ symptoms.  Asymptomatic
features in some infected animals.
AR AR ZOR R I RE
; - ; . AR TCHAEBIET HFHE 24 ) F0BE T B9 IT RO AN
DACED BESEI/NGL ARG ACED 45, iopsstil, s MRGLTAGE, SR AT F
. . X Higher  cost, high modeling Gk »
hACE2 transgenic Humanized ACE2 receptor. A wide range . .. (5]
. . technology requirements. Few clinical ~Used to evaluate and screen the
mice of specific reagents. . ) .
symptoms. No serious or death efficacy of drugs and vaccines.
characteristics.
y . AT SARS-CoV-2 Y %L 75 i
A S K5, ACE2 BRI 5 A %Qg;;% m?;ﬁﬁégwﬁf_g
ARMBL, B R NP B AR A Frow MR A BR, JC 1 E sl S T Elgﬁ‘m%u&ﬁji - -
AR A B Low cost and easy to obtain. ACE2 amino L, ° (29]

Syrian hamster

acid sequence is similar to human, and
the upper and lower respiratory tract virus

load is strong.

B A B3k e AL T I AR A, Ak A

Specific reagents are limited. No
serious or death characteristics.

et BOR, Tl ARIEIR
Ferrets Slight fever and sneezing No clinical symptoms.
characteristics, larger size.
s ACE2 ZHERRFFHS AL, R, SRl , Tl PRAEAR
Cat ACE2 amino acid sequence is similar to Difficult operation. No clinical
human. Larger size. symptoms.

Used for the study of SARS-CoV-2
infection and transmission routes, for
the evaluation and screening of
antiviral drugs and vaccines.
ARG M i 2 A Ak S SR S,
JIT COVID-19 1£4E#15T .

Used to detect viral load and immune
response, and used in the research of
COVID-19 transmission.

JHTF SARS-CoV-2 fE4%HI5Y
Used for SARS-CoV-2 propagation

research.

[31]
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5 Zit5RE

Hh ] 2 2 R AR 2 SR A S A DN I S [ 5%
J1F,COVID-19 sh¥ BRI T & il 2 Bs T H KAy
HEE, g N G dE N R K2 N AU 6
B H 3 0 AU Y e SARS-CoV-2 & il COVID-
19 SLES Sh PR Hodh A B 5h W) R TR [R) R BE 1Y
BRI I RAEAR . FLAE S M COVID-19 S5 5
PIRRVRRE (35 2) ,dE N R KR hACE2 #5 JE K /)N
B I THFSE4) COVID-19 1497 )5 S5l 25 Wy Mg i
AL . 3 i PR AR W6 BRUA B T 01 5 B o 4 B
W BRI R B 43 Tl A, 3550 0 G B0 AR X A L A
KAGHEH, A R T 58 R FE W 75 38 1 e X
BEERFSE . 1 TH= 5 COVID-19 #5958 4 —5)
I RAEIR 95 B AR Ak T AL T B4 1 sh 45 0 | 5
N BABTESS TR R IF KB B sh i Al Bl 5 5 3
PRI AR AN Wt & S FLXF COVID-19 % 95 AL il AS W7 3
fi# A5 B 45 X SARS-CoV-2 B IRk iy 52 56 3 iy A
B, A COVID-19 Zh i Al MR A g 58 36, HfE
IR s B e AT T RETC IR TS B RMIE A B
T PR A ] (H X B B R TR 11 3h 4 T
FRIEHLE] 25 P AN EF X EERY BE COVID-
19 SRR FEE AR RIS SC 56 H sk 5 A 15 3h
YIRS R AT DL 22 b Bl P A L b N AT A R
COVID-19 T fiff S35 i R 25 )TN 5 i ik .
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