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Ferrets as Models for Viral Respiratory Disease
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Domestic ferrets (Mustela putorius furo) have been used in biomedical research to study influenza viruses since the early 20t
century. Ferrets have continued to gain importance for the study of viral respiratory disease due to their disease susceptibility
and anatomic similarities to humans. Here we review features of ferret biology and management that should be considered
when planning to work with this species, particularly in models of respiratory disease. We specifically discuss biosafety and
husbandry, clinical and pathologic assessments, and anesthetic considerations for ferrets with respiratory disease and sys-
temic illness. These considerations are important for animal welfare, fidelity of the model to human disease, and ensuring
accuracy and reproducibility of acquired data. Finally, we briefly review the use of ferrets to study respiratory diseases by
discussing their respiratory anatomy and 2 frequently studied viral respiratory diseases, influenza and coronavirus disease
2019 (COVID-19).

Abbreviations: ABSL-2/-3, animal biosafety level 2/3; ACE2, angiotensin converting enzyme 2; BSL-3 Ag, biosafety level
3 agriculture; PPE, personal protective equipment; RSV, respiratory syncytial virus; SARS-CoV-2, severe acute respiratory

syndrome-coronavirus-2; TMPRRS2, transmembrane serine protease 2
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Introduction

The domestic ferret (Mustela putorius furo) was historically
kept by humans for hunting and control of rodent and rabbit
populations, for fur, and more recently for research and compan-
ionship. The curious and active nature, long body, and musky
scent of these obligate carnivores make them unique among
research species. Indeed, the Latin name for the species loosely
translates as “mouse-eating smelly thief.”4! Ferrets became
useful models in biomedical research due to their anatomic,
physiologic, and metabolic similarities to humans, and also
because they are susceptible to many human viral respiratory
diseases.!*?8 Ferrets have been used to study several viral res-
piratory diseases, including both human and avian influenza,
coronaviruses, respiratory syncytial virus (RSV), parainfluenza,
morbilliviruses such as canine distemper, and emerging viruses
such as Nipah (Table 1). Ferrets were first inoculated with hu-
man influenza and observed to transmit the disease to other
ferrets in 1933, and have been used as respiratory disease
models ever since. They are frequently used to study viral trans-
mission and virus-host interactions due to their susceptibility
to infection and their size, which allows easier serial sampling
(for example, serum, nasal/tracheal washes, etc.) as compared
with rodents. Furthermore, ferrets are generally easier to house
than dogs or nonhuman primates. Their intermediate size fa-
cilitates larger group sizes and thus better statistical assessment
of therapeutic effects (Table 1).

Here we will review some of the unique and important aspects
of using ferrets to study respiratory disease, including biosafety,
handling and husbandry, monitoring and scoring clinical signs
of disease, pathology, and anesthetic considerations for animals
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with respiratory disease. This review is intended to provide
information for researchers and facilities new to working with
ferrets. The practices we discuss should be tailored to the con-
ditions and goals of specific research projects. We also briefly
review the use of ferrets as disease models for influenza and
SARS-CoV-2. The frequent use of ferrets for the study of these
important viruses highlights their value for research on viral
disease pathogenesis and transmission, vaccine development
and efficacy, and therapeutic intervention in disease.

Biosafety and Husbandry Considerations

Ferrets are available from commercial vendors at various
levels of conventional or specific pathogen-free (SPF) health
status. Infectious disease research often requires ferrets that
are seronegative for the organism being studied. However, SPF
colonies can be difficult to maintain as disease transmission
from humans occurs easily and spreads quickly between fer-
rets, especially in the case of influenza. Therefore, prevention of
disease transmission from humans is of paramount importance
when handling and housing ferrets. Although only a few cases
document natural transmission of SARS-CoV-2 from human
ferret owners to their pets,'5% natural transmission of this virus
has occurred between humans and the closely related mink in
a farm setting.* In this instance, evidence indicated humans
transmitted the infection to mink followed by transmission
among mink and back to humans.

Handling and husbandry of ferrets can be difficult, especially
when studying agents at animal biosafety level 2 (ABSL-2)
and above. Facilities and enrichment programs designed for
small rodents are not adequate. Contemporary circulating hu-
man influenza strains (for example H1/H3/B) require ABSL-2
containment, while SARS-CoV-2, noncontemporary wild-type
(H2N2), and highly pathogenic influenza viruses such as the
1918 influenza strain require ABSL-3.1? Facilities built for
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Table 1. Viral respiratory diseases studied in ferrets

Pathogen Primary virus receptors Selected References

Influenza virus Sialic acid 4, 46

Respiratory Syncytial Virus (RSV) Cx3C chemokins receptor 1 (CX3CR1), 42, 49
annexin II, HSPG/GAG

Parainfluenza virus Sialic acid 33

Human Poorly characterized; a5B1 and av integrins 29

Metapneumovirus (hMPV)

SARS-CoV ACE2 31

SARS-CoV-2 ACE2 22

Nipah virus EphrinB2 5

maintaining negative airflow from adjacent rooms into ferret
housing room(s) are essential, and the availability of a connected
or nearby procedure room will facilitate study work. For ABSL-3
work, 2 approaches for primary containment can be used: sealed
containment caging with HEPA-filtered exhaust, or standard
caging with modified practices and room-level containment
(for example, Animal Biosafety Level 3-Agriculture [ABSL-3Ag]
practices).’>? ABSL-3Ag ferret studies often use open air cages
in an ABSL-3 facility, with the addition of a bioBUBBLE or
similar softwall containment enclosure in the room to satisfy
the “box within a box” criteria for ABSL-3Ag.!? Ventilated
negative-pressure sealed primary caging with HEPA-filtered
exhaust suitable for rabbits or small nonhuman primates or
specifically sized for ferrets can also be used. Caging designed
for this level of containment is commercially available.?”/32.
The choice of caging depends on many factors, including the
biosafety level, disease agent(s) and infectious strain(s) being
studied, the concentration or volume of the inoculum, research
design, and handling necessary for ferrets. In addition, adminis-
tration of the disease agent and other study procedures may not
be compatible with isolator caging. Biologic risk should always
be assessed in order to evaluate procedures to be used during
inoculation or handling of infected animals.'? These procedures
should be thoroughly evaluated in trial runs with naive ferrets
before use of infectious agents.

The personal protective equipment (PPE) used by staff
must be considered in order to protect both the ferrets and
the personnel from human respiratory pathogens. Ferrets are
active, curious, and have sharp teeth and claws that can easily
puncture PPE, so measures such as nail trims and socializa-
tion must be taken to prevent bite and scratch injuries. Thick
leather handling gloves can be worn over PPE to prevent bite
or scratch wounds. Socialization of ferrets optimally is done
before starting a study by familiarizing them with handlers,
the caging environment, PPE worn by the handlers, and
handling procedures.1 Ideally, for studies needing higher
biocontainment, newly acquired ferrets should undergo
a period of acclimation and socialization outside the high
containment facility under similar housing conditions with
the same staff. This acclimation period will help familiarize
the ferrets with the environment and handling procedures
before the study starts.

Litter box training using cat litter in pans can provide a cleaner
environment and an easier way for technicians to clean cages,
reducing human exposure time and animal stress. Litter box
training is easier in younger animals, and husbandry methods
used at the vendor should be considered during behavior
modification. For example, if the vendor provided litter as en-
richment, then the ferrets can be acclimated to using the litter
box for elimination by positioning the box in the corner of the

cage and securing it to the bars or walls to prevent it from being
overturned during play.

Ferrets benefit from environmental enrichment and from so-
cial contact with other ferrets and humans, so play opportunities
should be provided as often as possible when animals are not
actively infected.”?® All enrichment items used should be safe,
durable, and easy to clean and disinfect. For ABSL-3 housing,
all items must be either disposable or autoclavable if intended
for reuse. Our institution successfully modified rabbit cages for
ferrets housed at the ABSL-2 level. Modifications included add-
ing hammocks, hollow balls, chew toys, litter pans, and tunnels
connecting horizontal cages to promote socialization. During
cage cleaning, ferrets are placed together in a playpen with
balls and tunnels for socialization and play; this also increases
the ease and efficiency of cage cleaning. However, the neces-
sary containment must always be considered when selecting
the ferret housing method, including whether the cage or the
room is intended to be the primary method of containment.!?

Clinical and Pathologic Assessments

Common clinical signs observed in ferrets with respiratory
disease include fever, weight loss, lethargy, sneezing, nasal
and ocular discharge, difficulty breathing, and abnormal lung
sounds such as crackles and wheezes.? Clinical parameters that
are evaluated often include survival/time to reach endpoint,
body temperature, activity, body weight, clinical chemistry,
and hematology parameters.’4347 In addition, ferrets with
significant systemic disease may experience both fever and
hypothermia at different points in the disease course. Each fer-
ret should be weighed and examined clinically at least twice
daily during the active phase of disease. Although weight loss
is easy to quantify, use of a scoring rubric that includes spe-
cific clinical signs enables quantification and ensures uniform
evaluation between observers. In addition, observed clinical/
behavioral characteristics often constitute a more sensitive sign
of morbidity than weight loss.? For example, a clinical scoring
system based on the sum of 3 parameters (activity level, upper
and lower respiratory signs), with each parameter graded on a
0 to 3 scale, has been used to compare disease severity between
2 H1N1 influenza isolates.3

We use a weighted scale for scoring clinical signs of ferrets
infected intranasally with influenza virus (Table 2). Our system
scores the clinical signs of each ferret and sums them to provide
an overall score for that animal. Scores are based on the severity
of changes after infection, including body temperature, overall
activity /behavior/mentation, systemic hydration, and the
presence or absence of 8 other clinical signs (Table 2). Higher
scores reflect a more severe condition. For example, a ferret
with a low-grade fever (less than a 5°F [2.8°C] rise in body
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Table 2. Sample clinical scoring system for ferrets infected with influenza (N/A, not applicable)

Clinical score 0 1

Body temperature change
from individual’s average
baseline temperature

< 5°F change

General appearance Normal
e Activity level
* Response to stimuli,
alertness
* Posture (normal posture
is arched back; abnormal

posture is flattened back)

Mild
Minimal loss of
skin turgor,

Normal
No skin tenting,
moist mucus

Hydration
e Skin turgor
* Mucous membranes

¢ Eye position membranes, semidry mucus
normal eye membranes,
positioning normal eye
positioning

Rales (clicking, rattling, or No (not Yes (present)

bubbling sound in present)

chest/lungs)

Sneezing No Yes

Coughing No Yes

Nasal rattling No Yes

Nasal and/or ocular No Yes

discharge

Mouth breathing No Yes

Diarrhea No Yes

Vomiting No Yes

2 3 4 7
> 5°F change > 7°F
change

Mild decrease Moderate Severe
or change decrease decrease,

or change unresponsive
Moderate Severe

Moderate loss
of skin turgor,

Major loss of skin
turgor, extremely

dry mucus dry mucus
membranes, membranes,
sunken eyes severely

sunken eyes

temperature) that is also exhibiting signs of dehydration such
as a mild skin tent and mildly decreased activity would receive
scores of 0, 1, and 2 for those signs, respectively, and assuming
no other clinical signs were displayed, would have an overall
score of 3 for that particular observation timepoint. Ferrets that
are assessed by husbandry technicians, veterinary technicians,
or research staff and receive clinical scores above 5 are assessed
by veterinary staff and monitored more closely. These ferrets
may receive supportive care or are euthanized if they have a
cumulative score of 15or higher. Nonresponsive ferrets (activity
level/response to stimulus = 4) are euthanized.

Although our scoring system does not include body weights,
they are collected at least once a day and are used as an ad-
ditional measure of disease severity. Monitoring body weights
daily is important when inoculating ferrets with virus because
weight loss through dehydration and/or reduced food con-
sumption is a reliable and quantifiable indicator of severe
discomfort or distress.” Institutional animal care and use
guidelines often require euthanasia of animals that experience
weight loss of 20% to 30% or more of the pre-inoculation weight
or rapid weight loss (> 20% over a week).3 Scoring rubrics are
frequently used to objectively assess the degree of morbidity
and can be used to define experimental endpoints as well as to
quantify disease burden.

We provide our scoring system as an example. The scoring
system used for specific studies should be customized to the
individual study with consideration given to the disease agent,
dose and route of infection, animal age, sex, weight, and any
comorbidities present. A small pilot study can be performed
before conducting actual studies, especially if the infectious
agent is new to the institution or if the disease model has been
significantly changed.

Pathologic assessments are critical in accurately characteriz-
ing, validating, and translating information learned in animal

models of respiratory disease. Assessments include collecting
and analyzing multiple pathology endpoints, including both
anatomic (gross pathology and histopathology) and clinical
(clinical chemistry and hematologic) parameters during studies.
Gross and histopathologic evaluations of animals that either
died spontaneously or were euthanized allow investigators
to identify lesions and affected tissue/cell types to better un-
derstand viral pathogenesis and develop effective therapies.
These anatomic evaluations require knowledge of common
background lesions and anticipated lesions that are expected
based on clinical findings or are identified in published data.
Pathologists use various semiquantitative and quantitative
methods to characterize lung lesions and compare treatment
groups.?” Samples for clinical pathology (for example blood,
urine, saliva) can be collected multiple times from live animals.
Evaluation of these samples allows investigators to monitor
disease progression and correlate the ferret data with the clinical
pathology of human patients. Considerations for sample col-
lection such as validation of fixation processes for rendering
tissue samples noninfectious and preparation for pathology
evaluations as well as various scoring systems are reviewed in
detail elsewhere. 243437

Considerations for Anesthesia of Ferrets

used to Study Respiratory Disease

Ferrets with respiratory disease and those being inoculated
intranasally present a unique challenge for anesthesia. Inhal-
ant and injectable anesthetic agents as well as opiates all cause
respiratory depression and should be used sparingly and with
caution. Respiratory rate should be carefully monitored from
induction to full recovery, and intubation should be carried out
when feasible to provide airway control.?! In addition, at ABSL-3
and higher biosafety levels, work with infected animals must be
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conducted in appropriate biosafety cabinets unless ABSL-3-Ag
conditions are being employed.!? If possible, anesthesia equip-
ment should remain outside the biosafety cabinet in order to
maximize workspace and minimize disruptions in airflow. All
exhaust from anesthetized animals and induction chambers
must undergo HEPA filtration and waste gas scavenging. We at-
tach disposable HEPA filters designed for this purpose to waste
gas scavenge canisters so that exhaust is filtered immediately
before it passes into the canister.

Ferrets are prone to hypoglycemia and thermoregulatory
derangements in association with anesthesia.?! The short gas-
trointestinal tract of ferrets leads to short transit times, so fasting
prior to procedures can be as little as 2h and should not exceed
4h.8 In addition, the high surface area to body mass ratio of
ferrets contributes to radiant heat loss. Core body temperature
should be monitored every 10 to 15min until the ferret is fully
recovered from anesthesia, as exhibited by the ability to main-
tain sternal recumbency and move about the cage on its own.
We have seen hypothermia develop several hours after the
ferret has fully recovered from anesthesia. When first working
with any anesthetic protocol, animals should be anesthetized in
the morning to facilitate monitoring during and after recovery.
Supportive care should be provided as necessary (for example,
thermal support, administration of warm fluids). Examples
of effective thermal support include circulating warm water
blankets (preferably puncture-resistant), thermostat-controlled
heated cages, and forced air blankets. If hypothermia occurs
after recovery, blood glucose and blood pressure should be
checked.

Preoxygenation is recommended for ferrets with pulmo-
nary disease. This can be accomplished by providing a high
concentration of inspired oxygen (typically 3-5minutes on
100% oxygen) immediately before anesthetic administration
by using a face mask (if tolerated), an induction chamber, or
flow-by oxygen.?!

Premedication can facilitate handling and reduce the amount
of anesthetic needed for induction and maintenance of anes-
thesia. However, premedication should be used cautiously in
ferrets with respiratory disease. The specific drug combinations
used to provide anesthesia for inoculation and other procedures
vary widely between laboratories and institutions, depending
on the age, sex, weight, vendor source, and health status of
the animals, the route and dose of inoculation, viral strains
used, experimental design/procedures, and many other fac-
tors. For example, various studies of influenza in ferrets have
used isoflurane alone,'®%? ketamine/xylazine/atropine,'” and
tiletamine/zolazepam/xylazine.?® We use isoflurane alone to
minimize respiratory depression and facilitate faster recovery. In
general, benzodiazepines such as midazolam may be preferable
to a-2 adrenergic agonists as the former generally cause milder
respiratory and cardiovascular depression.?! Reversal agents for
any sedatives used, such as flumazenil for benzodiazepines or
atipamezole for dexmedetomidine, should be easily and quickly
available if needed to treat adverse effects/events in patients
with cardiopulmonary compromise.'8

Anatomy and Histology of the

Ferret Respiratory Tract
Infectious disease studies in animals require identifying a
species that is susceptible to infection with human pathogens
under experimental conditions.>® Anatomic/histologic struc-
tures and characteristics of the ferret respiratory tract are very

similar to those of humans.?® Like humans and most other
mammals, the ferret respiratory tract is divided into upper and
lower airways. The long trachea of ferrets allows easy targeting
of upper or lower respiratory tracts, facilitating study of differ-
ential effects of respiratory viruses on these regions.3’ From the
nasal cavity to the bronchi, the respiratory tract is lined with
pseudostratified columnar ciliated epithelium. The bronchioles
are lined with simple columnar to cuboidal epithelium, and
the alveoli contain a lining of thin squamous epithelium that
allows gas exchange. Detailed anatomy of ferret respiratory
tract components is reviewed elsewhere.? Ferrets, like humans,
have abundant submucosal glands throughout the trachea and
bronchi, with the goblet cell being the major secretory cell type.
Ferrets also have well-developed respiratory bronchioles.® Like
humans, the ferret lung can adapt to changes in atmospheric
pressures, and both humans and ferrets develop pulmonary
vasoconstriction in response to hypoxia.20 Ozone produces
similar epithelial injury in ferrets as in nonhuman prima’ces.48

Viral infections involve multiple host—virus interactions that
determine viable hosts, tissue tropism, and viral pathogenesis.
Host susceptibility depends on the presence of viral receptors
on the surface of cells to allow viral entry, on pro- and antiviral
factors inside the cell that influence viral translation and rep-
lication, and gross and histologic anatomical structures.?%280

All viruses must bind to specific surface receptors on host
cells to enter the cell and replicate. Therefore, the presence
of specific receptors and efficiency of viral-receptor binding
are critical determinants of host susceptibility and disease
manifestations. Ferrets are naturally susceptible to many
of the same respiratory viral infections as humans because
the receptors for these viruses in ferret respiratory tracts are
sufficiently similar in structure and distribution to those in
humans. For example, sialic acids of cell surface glycoproteins
and glycolipids serve as receptors for many viruses including
influenza, parainfluenza, mumps, and coronaviruses.!4 Ahigh
density of a 2,6-linked sialic acids (the receptor for seasonal
low pathogenic HIN1 and H3N2 influenza strains) in the
upper respiratory tract of both ferrets and humans results in
a mild-to-moderate upper respiratory disease. In contrast, a
higher density of a 2,3-linked sialic acids (the specific receptor
for highly pathogenic influenza strains) in the lower respira-
tory tract of both species contributes to widespread infection
of the lungs that results in severe pneumonia (inflammation
of lungs).! Similarly, the structure and distribution of viral
receptor angiotensin converting enzyme 2 (ACE2) and cofac-
tor transmembrane protease, serine 2 (TMPRSS2) in the ferret
respiratory tract is sufficiently similar to that of humans to
make ferrets susceptible to SARS and SARS-CoV-2.32

Apart from host factors that allow viral entry, other factors
facilitate infection by supporting viral transport, replication, and
translation. Antiviral host restriction factors inhibit viral entry or
replication inside the cell.?8 Current knowledge regarding these
host viral factors is lacking or limited in ferrets. Understanding
how variation among these other host determinants influences
host-virus interactions will enhance our ability to study different
viral respiratory diseases in ferrets.

The similarity of gross anatomic structures and cellular/
molecular receptor/pathways in the respiratory tracts of
ferrets and humans makes the ferret a prime model for hu-
man respiratory disease. These similarities in the respiratory
tract underlie their frequent use for the study of human
infectious respiratory diseases, including influenza and
coronaviruses.1420
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Table 3. Characteristics of respiratory disease in ferrets

Virus Pathologic Viral immune
Pathogen replication Clinical signs Viral transmission characteristics response

Influenza Yes Fever, lethargy, dehydration, Yes; high transmission rates; Focal edema, Seroconversion;
virus nasal discharge, sneezing, age-related response similar pulmonary neutralizing

difficulty breathing to that of humans inflammation antibody titers;

T-cell response

SARS-CoV Yes Lethargy, conjunctivitis Yes; transmission by Pulmonary Seroconversion;
direct contact inflammation, neutralizing

hepatic lipidosis, antibody titers;

wasting T-cell response

SARS-CoV-2  Yes Fever, loss of appetite, Yes; high transmission by Pulmonary Seroconversion;
cough, weight loss, sneezing,  direct contact and airborne; inflammation neutralizing

nasal discharge, loose stool,

age-related response similar

antibody titers;

wheezing

to that of humans

T-cell response

The Use of Ferrets to Study Influenza

Influenza has been of high concern to public health for
centuries, whether seasonal, pandemic, or avian in origin.
Outbreaks are associated with high disease-related morbidity
and significant mortality: in the United States alone, influenza
caused an estimated 531,000 to 647,000 hospitalizations and
36,400 to 61,200 deaths during the 2018 to 2019 season, which
was only moderately severe.5? The ability of influenza viruses
to infect multiple species, reassort segments of their genome,
and quickly sustain mutations contributes to the success of the
virus in evading or misdirecting the immune response. Small
mammals are indispensable for studying the virulence, patho-
genicity, and transmissibility of influenza and the host immune
response. These animals provide the foundation of preclinical
efficacy studies of vaccines and antiviral drugs. In addition to
ferrets, mice, guinea pigs, cotton rats, and hamsters have all
been used, although mice have been used most frequently due
to their small size, ease of access, and availability of genetically
modified strains.® Hamsters have been widely used due to their
susceptibility to influenza, development of pathogenic effects,
and ability to support viral replication. However, hamsters, un-
like ferrets, do not transmit type B influenza viruses and do not
show clinical signs similar to those of humans.!® Ferrets have the
advantages of similarity to humans in their respiratory anatomy
and physiology, virus receptor repertoire, clinical responses,
disease transmission, tissue tropism, incubation period, and
susceptibility to both human and avian influenza viruses (Table
3).4 Ferrets also have a well-developed sneeze reflex that allows
transmission of influenza to other ferrets.* They also develop
ocular and nasal discharge and become febrile; mice do not
develop these signs. Importantly, ferrets can be infected with
circulating strains of influenza without laboratory adaptation,
which is usually necessary in mice.!”

Other advantages of ferrets include a large enough body size
to allow serial sampling for serological and virological data, yet
small enough to have practical housing/husbandry needs as
compared with larger animals and to allow the use of sufficient
numbers for statistical assessment of therapeutic efficacy. In
addition, ferrets may exhibit comorbidities similar to those of
humans. For example, cytomegalovirus (CMV) infects a sig-
nificant portion of the human population, and latent infection
with CMVs can affect the response to influenza vaccines.3>5!

The Use of Ferrets to Study Severe Acute

Respiratory Syndrome (SARS) Coronaviruses

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is the causative agent of coronavirus disease
2019 (COVID-19), an ongoing global pandemic with hundreds

of millions of confirmed cases worldwide.?® Understanding the
pathogenesis of SARS-CoV-2 in an animal model is crucial for
development of preventative and therapeutic interventions.
ACE2 expression on the cell surface and the compatibility of
ACE2 with the receptor binding domain on the viral spike
glycoprotein (S) are major determinants in selecting susceptible
animals for studying COVID-19. Cell entry of virus also depends
on S priming by host cell proteases such as TMPRSS2.” In ad-
dition to the presence of compatible viral receptor ACE2 and
cofactor TMPRSS2,*? the microanatomy of the ferret respiratory
tract is comparable to that of humans, thereby making ferrets
a good model for studying COVID-19. Hamsters are also con-
sidered good models for studying COVID-19 as they also have
an ACE2 suitable for viral S protein binding, and they develop
severe clinical disease with viral replication observed in both
upper and lower respiratory tracts.'® While ferrets generally
develop mild disease as compared with hamsters and viral
replication is usually restricted to upper airways,!! ferrets have a
greater similarity to humans in terms of anatomy. As in humans,
ferrets efficiently transmit virus to contact animals.* In addition,
aged ferrets can develop high viral loads with longer nasal virus
shedding, severe pneumonia, and the clinical signs of disease
observed in terminally ill COVID-19 patients.?®

Mice are commonly used to study viral pathogenesis due to
their ease of handling, cost-effectiveness, and suitability for use
in larger numbers. However, due to low compatibility between
the viral S protein and the murine ACE2 receptor, outbred
and inbred mouse strains are not considered good models for
studying COVID-19.° Nonhuman primates (NHPs) are another
good model due to the presence of compatible ACE2, but they
generally develop mild disease, are expensive to acquire and
maintain, and are more difficult to access and house as compared
with ferrets. Minks are naturally susceptible to SARS-CoV-2,
develop severe disease, and can transmit the virus back to
humans.!** However, minks have not been studied widely as
they are difficult to acquire and handle in a laboratory setting.

Despite their advantages, ferrets and other widely used
COVID-19 animal models do not recapitulate the full spec-
trum of COVID-19 phenotypes observed in humans including
lethality, extrapulmonary manifestations (for example, vascular
complications, cardiac disease, neurologic disease), and long
COVID (long-term problems related to SARS-CoV-2 infection).?

Conclusion
Ferrets are often used as a model for human viral respiratory
disease because of their similarities with respect to pathology,
clinical signs, and transmission. However, working with fer-
rets poses unique challenges related to their biology, size, and
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behavior. We discuss the ferret model with regard to husbandry,
biosafety, clinical and anesthetic perspectives. Systems for
scoring clinical disease in animals are often used to provide
a more objective assessment of disease severity and endpoint
criteria. However, although many methods have been pub-
lished for scoring commonly used species such as rodents, few
scoring systems for ferrets are available in the literature. We
have presented the system we use as an example of a rubric
for scoring clinical signs of disease, specifically in ferrets with
respiratory disease. This example may be useful as a template
for researchers new to using ferrets. We also review highlights
of the ferret model for 2 commonly studied viral respiratory
diseases, influenza and COVID-19, and review characteristics
of respiratory disease in ferrets to aid researchers in selecting
the best model for their studies.
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