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[ Abstract]  Ferrets offer an advantage in nonclinical studies of anti-infective drugs because of their ability to be
infected with and spread pathogenic microorganisms, especially viral strains, without the need for host adaptation.
Additionally, the clinical symptoms exhibited by infected ferrets are very similar to those of humans. Although ferrets play
a very important role in the research and development of antiviral drugs, the scope of their application remains limited. This
may be related to the lack of corresponding national standards for laboratory animal feeding and application of ferrets as well
as the lack of specific diagnostic and detection reagents. This paper summarizes the characteristics of ferrets as infectious
disease models with a summary and analysis of the application direction of ferrets in anti-infective drug research. Our aim is
to promote further standardization of the use of ferrets.
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Table 1 Comparison of the reactivity of ferrets infected with pathogenic microorganisms

Pathogenic Route of Symptoms after infection and Research on other animal Ref.
. . . . A . eferences
microorganism infection their similarity to humans species models
BALB/¢c . . NN
N ( )
; )\
/ , N H ’
/ N N N N s H ,
/ / ) )
/ / BALB/c¢ mice, hamsters, guinea
Clinical symptoms after infection are similar to  pigs, chickens, dogs,  pigs,
Influenza A virus/ Intranasal/ those of humans, including fever, weight loss, monkeys. Mice ( body weight loss, [36-45]
influenza B viruses/ intratracheal decreased activity, nasal discharge, cough, and  pneumonia and murine lung adapted
avian influenza instillation/ death. Virus has obvious replication in the strains can cause death), hamsters,
viruses intragastric/ respiratory tract, and there is interpopulation  guinea pigs have almost no clinical
direct contact/ transmission of infection, which is the preferred  symptoms and are not suitable for
aerosol contact animal species for influenza virus infection transmission studies. Chickens are
not sensitive to human viruses. Dogs
are not the natural host of influenza
virus and have no ability to transmit.
Pigs and monkeys are more suitable,
but the cost is high
( ),
(IL-1ae  IL-1B . INF-« | INF-
B) , o
s
BALB/c . N . .
, (
) N N .
. There were no obvious clinical symptoms ( or onl BALB/c¢ mice, rats, chimpanzees,
Respiratory Intranasal/ R R ymp ( y N R P A [29-31,46-48]
L . mild temperature increase ), but there were cotton mice, cattle, guinea pigs,
syncytial virus intratracheal . .
L changes in serum cytokines (IL-la, IL-1B, INF-  hamsters, monkeys
instillation . .
o, INF-B), and there was interpopulation
transmission. Viral replication in the nasal cavity
is independent of age, but in the lungs is
inversely associated with age ( the only animal
species similar to humans)
/
/ N
Y ( ’ hACE2 N
° h hACE2) |
/ ). , ( )
After infection, there were fever, acute ) . .
SARS ( SARS-Cov/ . . R L. hACE2  transgenic mice, non- [18-20,49-51]
Intranasal/ bronchitis, and inter-population transmissible . . . T
SARS-Cov-2) . e .. R transgenic mice ( adeno-associated
intratracheal infection. Clinical symptoms ( fever, respiratory . . .
R . . .. . . virus transfected with hACE2 ),
instillation/ inflammation ), transmissible infection were
. . .. . . hamsters, monkeys
intragastric/ similar to humans, so it was a suitable

direct contact/
aerosol contact

animal species
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Pathogenic Route of Symptoms after infection and Research on other animal Ref
. . . . AR . eferences
microorganism infection their similarity to humans species models
s BALB/c . N N \
Human Int 1 There are no clinical symptoms after infection, BALB/c mice, cotton mice, guinea [52-54]
. ntranasa . - .. . . . o
metapneumovirus but viral replication and neutralizing antibody pigs, hamsters, African green
production are present monkeys
(MV) . ,ICV
( )3
(Cbv): . N N
. N N )
Y, , N N ,
, , , , , ( )
( . ) . Measles virus (MV) . Conventional route is not  Transgenic mice, monkeys ( New
Measles virus/ canine  Intranasal/ . : .. . [55-597]
. . . susceptible, ICV route can show neurotoxicity =~ World monkeys, squirrel monkeys, 27
distemper virus  intratracheal A . . . .
. . R ('meningitis) ; Canine distemper virus (CDV) : macaques, crab-eating monkeys) , of
(‘alternative virus) instillation/ : . . .
. . susceptible, fever, cough, rash, pneumonia, which macaques and rhesus monkeys
intracranial .. . . ..
neurotoxicity can be seen after infection, clinical —are the closest to humans of all
symptoms after infection are similar to humans, animals (including ferrets)
but the lesions are more serious and the disease
progresses faster, not the best animal species
/
/
/ ) ) )
/
Post-infection symptoms include swelling and wall
Rubella vi Transplacental/ degeneration of cerebral vascular endothelial In mice, protein capsid or antigen ~ [2!-60-63]
ubella virus . . . . .
intracranial cells, accumulation of granular eosinophile complex were wused to evaluate
instillation/ fragments in the vascular lumen, and vascular immunogenicity and candidate
intranasal/ abnormalities similar to those seen in rubella  vaccines
subcutaneous/ infected human embryos
intraperitoneal
s s
, .
( y ) ( ( ) BALB/c LC57BL/6 ,ICR
A : / ) ’ N N ’
N No host adaptation is required, the virus ’ . .
Ny ) . P q BALB/c mice, C57BL/6 mice, ICR g g,
Filovirus ( Ebola  Intranasal/ replicates throughout the body, and the symptoms . . .
. . . . . L mice, golden hamsters, guinea pigs,
virus, Marburg virus, intratracheal after infection are very similar to those of humans,
. L . . . ’ . monkeys, except monkeys, all
Sudan virus,  instillation/ including weight loss, fever, rash, bleeding, . .
. . . . . . require host adaptation
Bundibugyo  virus, intramascular clotting disorders, lymphocytopenia,
Reston virus) neutrophilia, thrombocytopenia, inflammation,
multiple organ failure, and death (mortality after
infection is higher than in humans). It is a very
suitable animal species ( especially for the
characteristics of no host adaptation)
) N N N ( .
) N NN N ,
) ( ) ’
N s N
/ - -
Clinical symptoms similar to humans after . . .
. . . . . Mice, hamsters, pigs, African green [69-75]
. . infection,  including  weight loss, fever, .
Nipah virus Intranasal/ monkeys, marmosets, mice nervous

direct contact/
aerosol contact

encephalitis, lung, spleen, and liver damage,
bleeding ( subcutaneous of orbital, face, and
neck , lung, spleen, death,
neurological ~ damage  ( sequelae:  tremor,
epilepsy, cerebral palsy, etc. ), preferred animal

brain, etc. ),

species

system can not be infected with the

virus, based on economic and

clinical consistency, hamstersand

ferrets are ideal animal models
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1
Pathogenic Route of Symptoms after infection and Research on other animal
. . . . AP . References
microorganism infection their similarity to humans species models
( 40 C), s
( ) .
RNA, s BALB/c \ \ o
(INF-y IL-2 IL-6, IL- s 2 ~4
y 10), °
Y Only mild clinical symptoms are seen after o
infection, which may include an increase in body BALB/c mice, guinea pigs, rhesus
Mumps virus %nlranasal/ temperature ( not exceeding 40 “C), no other monkeys. Best animal model is the (76-78]
intratracheal . . . . . .
instillation clinical symptoms, self-limited viral replication,  rhesus monkey, which presents with
little or no detectable virus in nasal wash typical clinical symptoms of mumps 2
( associated with clinical isolates of different ~ 4 weeks after infection. But no
subtypes), and no live virus or viral RNA fever or neurological symptoms.
detected in oral swabs, urine, feces, or tissue
homogenates. It  produces specific ~ serum
antibodies and  produces infection-consistent
cytokines ( INF-y, IL-2, IL-6, IL-10), which
are not suitable animal species
Y, N
Y 24 ~ 72 h s
/ Adult ferret; No fever, weight loss and other Mice, African green monkeys and
Parainfluenza virus Intranasal/ clinical symptoms; Neutralizing antibodies were  youn ferrets resent  clinical [79-84]
intratracheal ympLoms; anang ant . youns L .
instillation / produced, and virus. replication existed in both  symptoms after infection, are suitable
direct contact upper and lower respiratory tract models
Juvenile ferret: can cause death within 24 ~ 72 h
after infection, is a more suitable animal species
s N /
- RNA s BALB/c s ,
RNA ° o s
/ There are clinical symptoms similar to human
Intranasal/ infection. After intradermal or intranasal BALB/c¢ mice, rats, monkeys,
Rift Valley fever virus  subcutaneous infection, the virus can be widely distributed in ~ Syrian hamsters. Pathogenesis of rats [85-88]
all major organs, with the highest viral load in the is related to the route of infection,
spleen and brain. Ferrets with infection develop  the lethality of mice after infection is
high fever, weight loss, lymphocyopenia and low  stronger, and the hamster is easy to
albumin blood, central nervous system disease,  induce hepatitis
manifested by seizures, ataxia, and/or hind leg
weakness. Histopathological evidence of transient
viral RNA emia, high viral RNA load in the
brain, and encephalitis. Is one of the suitable
model animals
. o (
(ALT  AST) s s ), HEV
With similar viral replication, immune response Immunodeficient mice ( chimeric
[89-92]

Hepatitis E virus .
P Direct contact

and clinical symptoms to humans, it is the most
suitable animal species. Post-infection clinical

symptoms  include elevated aminotransferase

(ALT, AST), acute liver injury, and virus
detection in blood and stool

human hepatocytes) , monkeys, and
ordinary mice were insensitive to

HEV and unsuitable
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Pathogenic Route of Symptoms after infection and Research on other animal References
microorganism infection their similarity to humans species models o
N ,
N N
, , ( )
, o ) o (
, . ). (
/ ,
/ Symptoms of infection, immune response and ).
Mycobacteri transmission risk are similar to those of humans. ~ Mice and rats ( no caseous necrosis [93-102]
‘ycobacterium .. . . . . .
wiberculosis Intranasal/ Clinical symptoms after infection include elevated and no latency ), guinea pigs,
direct contact/ body temperature, weight loss, granuloma at the rabbits ( specific highly virulent
aerosol contact vaccination site, lung infection, and distribution  strains ), monkeys ( prone to large
of infection to major organs, and humoral outbreaks, with the advantage of
immunity. Advantage is that it can establish the inducing relapse through
model of latent infection and carry out the study of  immunosuppression) , cattle
transmissible infection between populations, so it
is a very suitable animal species
,
, ( ,
. , C57BL/6 ). (
. ). N .
N
Ferrets are the natural host of ferret Helicobocton ~ Mice ( there were differences among
. . . pyloni(HP) , which mainly colonizes the proximal  different strains, C57BL/6 was the [103-110]
Helicobocton pyloni Intragastric . . .
duodenum and gastric antrum, and can induce best), rats (early damage of gastric
chronic inflammation and ulcers. After infection mucosa to increase colonization ),
with Helicobacter ferret, symptoms similar to guinea pigs, Mongolian gerbils,
human infection with HP can be formed, but the pigs, cats, among which Mongolian
histopathological ~ changes lack multinucleate  gerbils were the best
cell infiltration
,
, ,
s
, ,
,
Formation of bacteria-virus co-infection, bacteria
St o o can increase the colonization of the virus in the Mice, however, only the individual |54 14i_j14
reptococcus Intranasal . . . .. N
. mucosa, after infection can be transmitted pathogenicity of bacteria-virus co-
pneumoniae . . Lo . . - .
between the population, respiratory virus infection  infection could be studied, and the
can increase the infection and transmission of  transmissibility of pathogenic
Streptococcus pneumoniae, consistent with human  microorganisms could not be studied
clinical manifestations, is one of the appropriate
animal  species to study  co-infection
and transmission
, ,
, , s
s s
,
After infection, increased body temperature, A ' ’
. s5-
Staphylococcus aureus Intranasal decrease(% activity, .alveolar parenchymato.u s Mice, rats, rabbits, etc, almost all et
pneumonia,, d‘ealh, tissue anfl organ bac.,te.rlal experimental animals can be infected
load, and similar to humans with a more similar
immune response, but more intense response,
higher mortality, is one of the suitable
animal species
N N ,
, , s
/ o N N ,
0157.H7 Direct
Escherichia coli  contact/ Enteric infectious colitis, diarrhea, hemolytic ~ Mice, rats, monkeys, etc. different [122-126]
0157.H7 intragastric uremia, hematuria, secondary glomerular injury, serotypes of  bacteria  affected

accompanied in some animals, thrombocytopenia.
Hus syndrome and secondary renal injury are
similar to those in humans

the infection
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Table 2 Summary of marketed anti-infective drugs or candidates based on ferret studies
/
Drug name/ Mechanism and - Route of Research Application
- Indication .. . Lo References
name of characteristics administration phase direction of ferret
the subject of action
M2
/
A i he  Main ph : ics -
manladlrlle M2 ion channel Anti-influenza A virus infection Oral On the an p arma(o-dyn.amlcs/
hydrochloride market pharmacokinetics
blocker
M2
/

. p . . . . s e []29]
leanladl'ne M2 ion channel Anti-influenza A virus infection Oral On the Main phdrmaco'dyn'amlcs/
hydrochloride market pharmacokinetics

blocker
/
On th Main pharmacodynamics/ [130]
Oseltamivir Neuraminidase Anti-influenza A virus infection Oral n e A PRArmacocymamies
e market pharmacokinetics
phosphate inhibitor
/
he  Main pharmac (2]
Peramivir Neuraminidase Anti-influenza A virus infection Intravenous On the an p aI’ma(‘O-d yn-amlcs/
A market pharmacokinetics
inhibitor
/
On th Main pharmacodynamics/ [V
Zanamivir Neuraminidase Anti-influenza A virus infection Inhalation nme au pharmacodynamics
S market pharmacokinetics
inhibitor
On the (131
Laninamivir Neuraminidase Anti-influenza A virus infection Inhalation Main pharmacodynamics
S market
inhibitor
Infl A and B and other acute respirat On th (132]
Arbidol Hemagglutinin fiiuenza 7 an anc ofhier acuic respuatory Oral n e Main pharmacodynamics
S viral infections; Combination therapy for market
inhibitors P
recurrent herpes infection
RNA
On the [134]
Favipiravir RNA polymerase Anti-influenza A virus infection Oral Main pharmacodynamics
P market
inhibitors
RNA
/
Baloxavi On the  Main pharmacodynamics/ [26]
4 OXdV.II‘ RNA polymerase Anti-influenza A virus infection Oral 1 e anp drmd(,o' yn,‘nm%
Marboxil P market pharmacokinetics
inhibitors
RNA
/
On the  Main pharmacodynamics/ 1'%
Molnupiravir ~ RNA polymerase Anti-SARS-Cov-2 infection Oral nne A PRATmacoqynamices
S market pharmacokinetics
inhibitors
RNA
On the [136]
Deuremidevir ~ RNA polymerase Anti-SARS-Cov-2 infection Oral Main pharmacodynamics
. P market
Hydrobromide inhibitors
RNA
/ On the [136)
Remdesivir ~ RNA polymerase  Anti-ebola virus/SARS-Cov-2 infection Oral ket Main pharmacodynamics
P markel
inhibitors
RNA
I
ZSP1273 Anti-influenza A and avian influe Clinical , , [137]
RNA polymerase rhmuenza A and avian miuenza Oral mmea Main pharmacodynamics
virus infection phase Il

inhibitors
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/
Drug name/ Mechanism and L Route of Research Application
. - Indication R Lo . References
name of characteristics administration phase direction of ferret
the subject of action
RNA
4’ - / [138]
4’ -Fluorouridine  RNA polymerase Anti-influenza virus/ SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
inhibitors
RNA
[139]
Emtricitabine  RNA polymerase Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
Tenofovir inhibitors
RNA
>S-6217 [136]
S 63 RNA polymerase Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
inhibitors
3CL
On the [135]
Paxlovid 3C-like protease Anti-SARS-Cov-2 infection Oral Main pharmacodynamics
S market
inhibito
3CL
GC376 , f1ao]
3C-like protease Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
inhibito
-1
. Interleukin-1 Anti-SARS-Cov-2 infection, inhibit On the , . L
Anakinra . . . Subcutaneous Main pharmacodynamics
receplor antagonist lung inflammation market
to improve clinical
symptoms after
infection
Hydroxychloroquine  Autoph [142]
yaroxyerroroquine .uto‘p.agy Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
sulfate inhibitor
L. Immunity . . . .. . . [142)
Azathioprine inhibit Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
inhibitor
XPO1 [143]
Selinexor XPOL1 inhibitor Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
OL-1 and [144]
OL-2 Immunomodulator Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
I
DAS181 ( ) , Clinical [145]
Neuraminidase Anti-influenza virus infection Oral " I Main pharmacodynamics
(fusion protein) phase
HA
I
. . [146-147]
Nitazoxanide HA protein Anti-influenza virus infection Oral Clinical Main pharmacodynamics
transport phase Il
inhibitors
RNA
( )
N . [161]
Exviera RNA Anti-hepatitis C virus infection Oral On the Safety ( safety
polymerase market pharmacology )

inhibitors
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/
Drug name/ Mechanism and L Route of Research Application
. - Indication R Lo . References
name of characteristics administration phase direction of ferret
the subject of action
NS3/4A
( )
. . . L On th Safety (safet L1e2]
Viekirax NS3/4A protease Anti-hepatitis C virus infection Oral ne alety ( safety
S market pharmacology )
inhibitors
HINI
Arepanri Monovalent On th (48]
Tepantix Honovaten Anti-influenza virus infection Intramuscular nne Main pharmacodynamics
inactivated market
vaccine for HINI
/ (
, )
Fluenz Trivalent .. - . On the Main pharmacodynamics/ [149]
A Anti-influenza virus infection Intranasal
recombinant market  safety (safety pharmacology,
protein vaccine repeated dose toxicity )
/ (
, )
Fluenz tetra Quadrivalent .. N . On the Main pharmacodynamics/ [150]
. Anti-influenza virus infection Intranasal
recombinant market  safety (safety pharmacology,
protein vaccine repeated dose toxicity )
H5N1
/ (
Pandemic M lent s )
. . onovalen . .
influenza vaccine . .. A . On the Main pharmacodynamics/ [1s1]
. live attenuated Anti-influenza virus infection Intranasal . .
H5N1 Medimmune . market  safety (safety pharmacology,
vaccine of ted dose toxicity)
repeated dose :
H5N1 ped Y
HA NA
Focetriz HA and NA On th (1s2]
ooetna e . Anti-influenza virus infection Intramuscular nne Main pharmacodynamics
trivalent split market
vaccine
HIN1
HIN1 Monovalent On the [153]
Pandemrix inactivated Anti-influenza virus infection Intramuscular et Main pharmacodynamics
. markel
vaccine
for HINI
H5N1
Pumarix MOHU}I&ICHI .. N . On the . . [154]
inactivated Anti-influenza virus infection Intramuscular et Main pharmacodynamics
. markel
vaccine
for H5N1
H5N1
Monovalent
Prepandrix Fonovaen . . . On the ) ) [155]
inactivated Anti-avian influenza virus infection Intramuscular ket Main pharmacodynamics
markel
vaccine
for H5N1
Monovalent
Vaxzevriz . . . On the : . [1s6]
axzevna recombinant Anti-SARS-Cov-2 infection Intramuscular " K (: Main pharmacodynamics
markel

protein vaccine
of spike protein
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/
Drug name/ Mechanism and L Route of Research Application
. - Indication R Lo . References
name of characteristics administration phase direction of ferret
the subject of action
(
) ,
Monoclonal he [157,27]
Regdanvimah renociond Anti-SARS-Cov-2 infection Intravenous On the Main pharmacodynamics
antibody ( receptor market
binding domain
of spike protein)
( ) I
MEDI8852 Monoclonal Anti-influenza virus infection Clinical . . [158-159]
. . Intravenous Main pharmacodynamics
antibody oral administration phase 1l
hemagglutinin )
( ) Immuno- [160]
Laennec Anti-SARS-Cov-2 infection Intravenous ~ Prelinical ~ Main pharmacodynamics
enhancement
(placenta)
b A}
(  RT-PCR,
) o
e DB32/T 2731—

20

6.1

21

[170]

[13]

o

[40-41]
b

[171-172]
’

[57]

2015¢
)\

2022(

[177]

[177-178]

o

(1)

SPF

3 , (1

) N
DB43/T 2288—

),

;(2)

;(3)
SPF
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