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Abstract

Ferrets have become a common companion animal. But no data are available on the French population of ferrets. The goal of the survey was to char-
acterise this population, including demographic characteristics, husbandry, reported medical care and feeding habits. Complete data were available for 1205
pet ferrets in 709 households. Most ferrets (86-1 %) lived indoors, 1 % received only artificial lighting, and 47 % chewed their cage. For 60 % of the ferrets,
body weight was higher in winter and lower in summer. Neutered ferrets (585 % of males and 62-9 % of females) appeared lighter than intact ferrets of
comparable age. A majority (52-4 %) of ferrets received a mix of commercial foods and fresh foods, but 28-6 % were offered no commercial foods. Data
were analysed using several multivariable logistic regression models including age, sex, castration, food type and artificial lighting developed for four clinical
outcome (lethargy and/or insulinoma, dental problems, diarthoea and/or bird-seed stools and alopecia). Predictors of four clinical outcomes (lethargy,
dental disease, diarrhoea and alopecia) were examined using multivatiable logistic regression, with age, sex, neuter status, food type and artificial lighting
as the exposure variables. Aged ferrets were more likely to have lethargy, insulinoma, dental problems and alopecia. Ferrets with artificial lighting were more
likely to show alopecia. Additionally, ferrets fed commercial food only or a mixed diet (both commercial food and fresh food) were more likely to have
lethargy, insulinoma, dental problems, diarrhoea and/or bird-seed stools compared with ferrets fed fresh food only. We also found a significant association
between neutering and alopecia. It is to our knowledge the first description of the French population of the ferret as a companion animal.
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Ferrets (Mustela putorins furo) are strict carnivorous mustelids
related to mink. They were historically used for hunting, but
have become an increasingly popular pet in Europe and in
North America. Some diseases are common in pet ferrets,
including insulinoma, hyperadrenocorticism and lymphoma
in North America but few data are available about the pet fer-
ret population in France. Nutritionists and wildlife and exotic
animal specialists are often questioned about the optimal diet
for ferrets, and the relationship between diet and disease®™.

Some recommendations have been offered using the cat as a

model(ﬁ), but some breeders have pointed out the deficiencies
of this model, and have recommended fresh meat-based foods
with very low carbohydrate content. New foods for ferrets are
also available commercially”. There have been many hypoth-
eses about links between food, neutering, husbandry and vari-
ous diseases, but there are few published data, and more
reviews than original studies so far.

The goal of the present study was first to characterise the
diet, husbandry and health of the French ferret population,
and to assess the effect of diet and husbandry on dental health,
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digestive disease, insulinoma, fatigue and lethargy, adrenal dis-
ease and alopecia.

Materials and methods
Survey

The survey was designed as a descriptive survey with a quantita-
tive objective. The target population was all pet ferrets in France.
The soutce population was French-speaking owners of ferrets
with Internet access. The recruitment of ferret owners was
advertised through newspapers and online specialised forums.
Owners answered on a voluntary and anonymous basis.

Procedure

A preliminary version of the survey was tested for understand-
ing and duration with owners of ferrets that were not there-
after included in the survey. A validated questionnaire
(Supplementary material) of ninety-one closed questions was
developed and available online between June and October
2012. Each survey required 20-30 min to be completed.

The first part of the questionnaire was dedicated to individual
data regarding each ferret; the second partincluded more general
questions about the houschold to identify owners’ habits and
applied to all ferrets living in the same household. The demo-
graphic characteristics of the sample were studied together
with husbandry, reported medical care and feeding habits.

Statistics

Descriptive analysis.  Data analysis was run via epidemiology
software (Epi Info 3; Centers for Disease Control and
Prevention) and a statistical package (BiostaTGV). Descriptive
data were reported as actual counts and the percentage of
respondents. Differences between responses were determined
by use of the ¥ test and 7 test in the studied population.
Differences were considered significant at values of P < 0-05.
Associations between neuter status, sex, husbandry, food
composition and distribution, mode of neutering and reported
medical conditions were tested using univariate analysis. Then
data were pooled as follows for the quantitative analysis for
each outcome: lethargy, weakness, decreased activity, stand
up only for food and declared insulinoma were pooled as leth-
argy T insulinoma; diarrhoea and green or bird-seed stools
pooled as diarrhoea % bird-seed stools; dental problems
including broken or impaired and injured teeth and teeth
extraction pooled as dental problems; permanent tail alopecia,
troncular alopecia and hair loss, and ‘ferrets naked except on
the head, adrenal disease, adrenal tumout” and ferrets declared
with adrenal disease pooled as alopecia * adrenal disease.

Quantitative  analysis.  Statistical
petformed in R-3.2.0 (R Core Team). Four multivariable
logistic regression models were developed using the status
for () insulinoma and/or lethargy, (i) diarthoea and/or
bird-seed stools, (iii) dental problems (fracture, extraction or
tartar) and (iv) adrenal disease of each ferret as the outcome

computations  were

measure and the ferret as the unit of analysis. Six variables
and two interactions were considered: age (three classes less
than 1 year old, 1 to 3 years old, over 3 years old), sex (two
classes), castration (yes or no), use of daylight (natural or
artificial with or without natural light), commercial (fresh
only ». commercial only).

The model was built following two steps:

(a) The variables considered were tested for collinearity,
including multi-co-linearity analysis to ensure a mean vati-
ance inflation factor of <10 before being used in the multi-
variable models®.

(b) A multivariable model was then constructed with a gener-
alised linear model® using a binomial distribution (logit
link). Model assessment was based on Akaike’s informa-
tion criterion. Results were expressed as OR and 95 %
CI. Some interactions were tested but not significant and
not retained in the final model (i.e. commercial X sex,
commercial X age, diet X sex, diet X age).

A second run of models was done including the variable
DIET (commercial food only ». mixed food ». fresh food
only) instead of the variable PETFOOD (commercial food
. no commercial food at all). This second analysis was done
in order to test the specific effect on symptoms of ferrets of
the use of a mix of commercial and fresh food.

Results
Population

Data were available for 1205 ferrets, located in eighty-five of
the ninety-five French departments. Out of the studied popu-
lation (Table 1), 52-8 % were male, and 60-6 % were neutered
(58:5 % of males were castrated, 62-9 % of females were
spayed). Neutering was performed by surgery (79-4 %) or by
hormonal implants with deslorelin. Sterilisation by implant
increased with age, representing 30-8 % of ferrets older than
2 years. Neutering occurred significantly (P < 0-05) earlier in

Table 1. Distribution of sex, age and body weight (BW) in the population
studied (n 1205)

(Numbers of animals and percentages; mean values and standard
deviations)

BW of sexually BW of neutered/

intact (g)* spayed (9)*
n % Mean sp n Mean sp n
Male 636 528 201 287
<6 months 72 113 976 295 38 600 1

6-12months 48 7.5 1495 573 23 1242 289 12
1-3 years 305 480 1428 326 104 1325 317 132
3-5 years 138 21.7 1328 274 28 1164 267 94

>5 years 73 115 1305 787 8 1127 231 48
Female 569 472 157 289
<6 months 63 111 630 233 35 - - 0

6-12months 54 9.5 805 168 22 892 336 23
1-3 years 261 45.9 855 324 79 738 174 135
3-5 years 118 207 827 160 16 738 138 80
>5 years 73 128 846 238 5 697 233 51

*Data unknown for 148 males and 123 females.
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females, with 55-8 % of females but only 36-7 % of males
neutered before 9 months old.

Body weight of neutered ferrets was significantly (P < 0-05)
lower than that of entire ferrets of comparable age and sex
(Table 1). Ferrets neutered by surgery were significantly lighter
than those sterilised by implant, whatever the age (P <0.05).

Body weight was reported to vary seasonally for 60 % of
ferrets, being significantly higher in winter and lower in sum-
mer (P <0.05).

Origin and lifestyle

Ferrets had been obtained most commonly from other pet fer-
ret owners (7 701/1051; 59-3 %) and less often from ferret
breeders (16-1 %), pet shops (14-7) or associations (147 %).

Most ferrets lived exclusively or mainly indoors (86-1 %);
6-6 % lived outdoors only. About 59-5 % of ferrets had access
to more than 10 m” of cage surface area twice per d. Owners
reported that 47 % of ferrets chewed their cage. This behav-
iour did not vary with the origin of the animal or with the
sex, but significantly increased (P <0-05) as available living
surface decreased, and decreased with age (P <0.05).

In 77-2 % of the 723 respondent households, the ferret was
not the only companion animal: 65-8 % owned more than one
ferret, 63-3 % cats, 61-9 % dogs, 22-5 % rodents, 9-5 % birds,
9:2 % rabbits, 8:5 % reptiles, and 13 % other animals.

In 64 % of the households, combined natural and artificial
lighting was reported in the ferret’s living room. Lighting
was natural only in 35-0 %, while it was artificial only in 1-0 %.

During winter, 33-9 % of ferrets were exposed to artificial
light in the evening and 33-1 % in the morning and evening,.

Feeding habits

Most ferrets (60-7 %) were fed by one person in the
household.

Among the 1051 ferrets, 71-4 % received commercial food,
including kibble (99-1 %) or wet food (17-1 %), on a regular
basis. Indeed, 91-8 % of them received dry food (kibble)
daily, while wet food was delivered daily for 26:6 % of the fer-
rets, one to six times per week for 16-4 %, once per week for
16-4 % and less than once per week for 43 %.

Ferrets had ad /libitum access to kibble in 85-1 % of cases,
while wet food was delivered mainly once (30 %) or twice
(41 %) daily, and treats mostly (75-7 %) once daily.

The commercial foods provided were formulated for ferrets
(50 % of the kibbles, 34 % of the wet), for cats (49 % of the
kibbles, 54 % of the wet), or for other species.

Among the 1051 ferrets, 51-9 % (# 546) have access to both
pet food, either dry or wet or both, and fresh ingredients, and
286 % (n 301) received no commercial food at all, but a var-
iety of fresh ingredients: 79-8 % meat and offal (z 604, with
53:6 % at least once per week and 21-4 % daily), 53-9 %
whole prey (# 408, with 31-8 % daily), empty carcases (# 99,
with 24 % at least once per week), 25:9 % plant and fish
oils (7 273, with 44 % at least once per week), 20-9 % raw
vegetables and fruits (# 147, with 24-5 % at least once per
week but only 0-9 % daily), and 13-1 % sources of complex

carbohydrates (rice, potato, pasta, etc.) (# 91, with » 28 at
least once per week).

These ingredients were delivered raw for 100 % of
the whole prey (98:3 % of owners keep them in the freezer,
30 % in the refrigerator), 93-3 % of the empty carcases,
93-1 % of the meats and offal, 99-4 % for the oils, and
88-7 % for vegetables and fruits.

Among the 467 household that reported keeping foods fro-
zen, the defrosting method used was mostly the refrigerator
for 79-7 %, at room temperature for 31-9 %, in the micro-
waves oven for 12-8 %, in a bain-marie for 6-9 %.

Among the 1051 ferrets, treats were reportedly offered once
or several times per week in 64-8 % (# 681) of ferrets.

A change in feeding habits was reported in 40-6 % of ferrets (»
1003). In 18:6 % (1 397), the main reason for the change was a
health issue cited in the following decreasing prevalence order:
digestive troubles (1 28), kibble intolerance (# 3), insulinoma
treatment/prevention and lethargy (7 9), underweight (# 8),
overweight (z 2), lymphoma (# 4), hyporexia (z 3), urolithiasis
(n 3), renal failure (z 2), renal tumour (z 1), Ca deficiency (# 1),
and others (# 10).

The removal of some ingredients was reported to efficiently
limit the observed troubles in the 1003 ferrets: kibble (65 %),
whole prey (147 %), meats and offal (10-8 %), commercial sup-
plements and treats (11-1 %), commercial wet food (7-8 %),
dairy products (7-:2 %), vegetables and fruits (5-9 %), human
cookies (5-9 %), and convalescence support foods (4-2 %).

Clinical features

Most ferrets (1156/1205) had already consulted a vetetinarian,
mostly for vaccination (# 975), identification (z 581), a disease
(n 560), travelling information (# 138), reproduction issues
(n 108), and for geriatric consultation (z 90).

For each of the 1205 ferrets, the owner was asked if the fer-
ret has already suffered from any disease/trouble so far, as an
open question. The most common answers were diarrhoea
and green or bird-seed stools (32:5 % of ferrets) and dental
problems including broken or impaired and injured teeth
(21-2 %), respiratory troubles such as dyspnoea, coughing
and snuffle (14-9 %), unexplained weight loss not attributable
to seasonal variation (13-3 %), lethargy, weakness, decreased
activity, stand up only for food (11 %), tartar (11 %), locomo-
tion troubles, osteoarthritis, hind limb weakness, lameness
(5:5 %), hair loss, alopecia except on the head, adrenal disease,
adrenal tumour (4-2 %), urinary or urination troubles, cystitis,
crystals or blood in urine (3-6 %), dental extraction (3-1 %),
eyes with white or blue coloration, cataract (2:9 %), abnormal
glycaemia, pancreatitis, insulinoma, diabetes (2:6 %), kidney
disease (1-4 %), and heart disease (0-8 %0).

A specific question was asked to distinguish physiological sea-
sonal alopecia (67-6 % of our ferrets), truncal alopecia (on the
back and the sides of the body) (0-5 %), permanent tail alopecia
(2:6 %), transitory tail alopecia (9 %), and pruritis (1-5 %).

At the time of the survey, 105 ferrets (10-1 %) were
reported to be medically treated for: digestive disease (z 31),
insulinoma or hypoglycaemia (z 11), cancer (z 9 including
7 5 lymphoma), otitis or ears trouble (# 9), adrenal disease
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and alopecia (7 9), respiratory troubles (7 7), gingivitis (# 2),
corneal ulcer (z 2), stroke (# 2), digestive parasitism (# 2)
and eight other conditions (# 1 each).

History of diarrhoea after consumption of identified foods
was teported in 45% (z 503/n 1079) of ferrets: eggs
(n 116), kibble (# 73), dairy products (» 69), various meats
(n 42), day-old chicks (» 306), fruits (z 34), vegetables (# 23),
bone and raw food (batf) diet (# 21), liver (# 20), treats for
ferrets (7 19), canned cat food (# 17), chocolate (7 10), offal
(7 10), and (fewer than # 10 each) cream, butter, prescription
diets for cats, cat milk, candies, biscuits, vitamin supplements,
dry fruits, convalescence diets for humans, ice cream, oil, and
eighteen other foods.

Insulinoma and/or lethargy were more likely with ageing,
and less likely in ferrets having no pet food at all; diarrhoea
and/ot bird-seed stools were mote likely in neutered ferrets,
and less likely in ferrets having no pet food at all; dental pro-
blems were more likely with ageing and less likely with females
(Table 2). Alopecia and/or adrenal disease were mote likely for

ferrets over 3 years old, for females, or for ferrets receiving
artificial lighting in winter (compared with ferrets receiving
natural light only at this time of the year).

Among the information collected, some were expected, such
as the large proportion of households owning more than
one ferret (65-8 %), the sexual dimorphism and higher body
weight for males, the seasonal change in body weight with
heavier ferrets before winter, the large proportion of ferrets
biting their cage at least on a regular basis (47 %), the large
proportion of neutered ferrets (60-6 %), the change of method
of neutering, still mainly by surgery (79-4 %) but with an
increase of the use of implants.

The body weight of neutered ferrets was significantly (P <
0-05) lower than entire ferrets of comparable age and
sex, and this unexpected variation could not be related to
diet or age.

Table 2. Odds ratios and their associated 95 % confidence intervals and effective n obtained from the final models (PETFOOD with the variable

commercial, DIET with the variable DIET) on ferrets

Diarrhoea + bird-seed

Insulinoma + lethargy stools Dental problemst Alopecia + adrenal disease
Variable n OR 95 % Cl n OR 95 % CI n OR 95 % Cl n OR 95 % CI
Model PETFOOD
Commercial
No 291 Reference 289 Reference 288 NR 195 NR
Yes 691 3.0* 14,75 714 2.0* 15,28 694 NR 508 NR
Age
<1 year 170 Reference 172 Reference 169 Reference 111 Reference
1-3 years 479 2.8* 1.2,83 483 0-9 06,14 478 4.3* 21,98 349 4.0 0-8,74.2
>3 years 333 9.2* 4.0, 266 348 1.6 1.0,24 335 15.1* 7-4, 351 243 23.8* 5.0, 428-0
Sex
Male 508 Reference 525 Reference 511 Reference 373 Reference
Female 474 1.8 07,50 478 0-8 06, 1.0 471 0.5* 0-4,0-8 330 2.1* 11,40
Castration
No 383 NR 390 Reference 385 Reference 278 NR
Yes 599 NR 613 1.4* 11,20 597 1.4 425 NR
1.0, 2.0
Daylight
Natural - NT - NT - NT 161 Reference
Artificial + natural - NT - NT - NT 542 6-5* 2.3,27-3
Model DIET
Diet
Fresh 291 Reference 289 Reference 288 Reference 195 NR
Mixed 569 3.0* 14,75 587 2-1* 15,29 569 1.4 -0, 2-1 421 NR
Commercial 122 21 0.8, 6-2 127 1.8* 11,28 125 07 0-4,1.2 87 NR
Age
<1 year 170 Reference 172 Reference 169 Reference 111 Reference
1-3 years 479 25 1.0,7:5 483 09 06,14 478 4.3* 21,98 349 4.0 08,742
>3 years 333 7-6* 3.2,22.7 348 1.6 1.0,24 335 15.1* 7-4, 353 243 23.8* 5.0, 428.-0
Sex
Male 508 Reference 525 Reference 511 Reference 373 Reference
Female 474 1.8 07,49 478 0-8 06, 1.0 471 0.5* 04,07 330 2.1* 11,40
Castration
No 383 Reference 390 Reference 385 Reference 278 NR
Yes 599 1.4 09,24 613 1.5* 11,20 597 1.3 0.9, 2.0 425 NR
Daylight
Natural - NT - NT - NT 161 Reference
Artificial + natural - NT - NT - NT 542 6-5* 2.3,27-3

NR, not retained in the final model; NT, not tested in the model.
* Significant variables retained (the value 1-0 not included in the 95 % CI of the OR).
1 Dental problems included fracture, extraction or tartar.


https://doi.org/10.1017/jns.2017.51

https://doi.org/10.1017/jns.2017.51 Published online by Cambridge University Press

The high level of medical care of the ferret population stud-
ied, with 91 % having already been examined by a veterinarian
and 76-7 % of ferrets vaccinated, may be a bias, as owners
answering such a survey may be the most committed to the
health of their pet ferret.

Among all reasons for consulting a veterinarian, digestive
troubles were the most represented, with 32.5 % of ferrets
already affected, and dental problems were second with 21-2
%, then 11 % had already shown shown lethargy and 2-6 % suf-
fered of hypoglycaemia. The high prevalence of these symptoms
and/or diseases and the hypothesis of their relation to environ-
mental origin, such as diet and lighting, justified the interest of
the multivariate analysis, with all the limits of such a sutvey.

Lethargy and/or insulinoma

Ferrets eating commercial food are three times more likely to
develop lethargy and/or insulinoma and hypoglycaemia.
Insulinoma is known as a very common disease, with a preva-
lence of 20-25 % of middle-aged and old ferrets (range 2—7
years old)!"”. Even if lethargy may be a general sign of disease
and not only of insulinoma->'"""?  lethargy and hind limb
weakness have been identified in 91-95 % of cases of insuli-
noma in two studies">'?. The differential diagnosis of leth-
argy and hypoglycaemia in ferrets must include insulinoma,
severe hepatic disease, paraneoplastic effects, sepsis, malnutri-

3,10 .
19 2nd other less common diseases such as

tion, starvation
cardiopathy and abdominal pain. However, most of these
signs are quite obvious and lead to medical advice.
Decreased activity and a reluctance to move are generally
not considered as abnormal by the owner but more a sign
of ageing, especially at the early stage of insulinoma'?.

The risk factors of insulinoma have not been cleatly identified
so far™'?, Carbohydrate-rich pet foods have been suspected to
induce hyperplasia of pancteatic B-cells. Some authors have sug-
gested a genetic origin (MEN-like, multiple endocrine neoplasia)
considering the high frequency of several endoctine tumours in
the same individual®' ", We could not confirm any link between

signs of insulinoma and of adrenal disease in our study.

Diarrhoea

Diarrhoea, green stools and bird-seed stools are common for
ferrets. The latter are considered as a sign of maldigestion by
veterinarians for exotic species, but no origin has been cleatly
identified so far. They appear twice as common in ferrets con-
suming commercial food, or mixed food compared with fer-
rets having no pet food at all.

Among all ferrets having commercial food, 99 % of them
had at least some dry food. The link between the consumption
of commercial pet food, and lethargy and insulinoma and diar-
thoea may be the carbohydrate concentration of commercial
food. The consumption of starch is not included in the natural
diet of ferrets. But their reaction to the consumption of starch
may be linked to different mechanisms:

(@) If starch and sugars are digested, and glucose absorbed,
then glucose can enter into circulation. Absorption is

usually very efficient in animal species physiologically not
adapted to deal with high amounts of glucose!'”. This sti-
mulates insulin secretion more than low-carbohydrate diets,
and could exhaust the S-cells after a few yeats of consump-
tion of such a regimen, and lead to lethargy and insulinoma.

(ii) If starch and sugars are poorly digested due to a lack of
appropriate enzymes, then undigested starch can reach
the gut and be fermented, which may lead to bacterial over-
growth, loose stools and a decreased digestibility due to an
acceleration of transit, which could explain bird-seed stools,
and diarthoea. The microbiome may also be affected by
this diet and mechanism.

The link between the consumption of eggs and diarrhoea, as
described by some ferret owners, may have an explanation

16 . .
(19 which contains ovo-

in the composition of the egg white
mucoid with trypsin-inhibitory activity'”, which lowers pro-

tein digestibility of raw egg protein.

Dental problems

From this study, female ferrets seemed protected from dental
problems compared with males. There are no data available
and no clear physiological explanation, but there may be a
behavioural explanation. In the authors’ experience, ferret
owners have a closer relationship with males than with female
ferrets. Females are considered more active and inquisitive,
and more at risk of biting especially after 1 year of age,
which does not encourage close observation of teeth by the
owner. Oral examination of ferrets often required (49/63 fet-
rets) general anaesthesia’®, and dental troubles in females
might be underestimated.

The association between dental problems and captivity has
been described in captive black-footed ferrets (Mustela
nigripes)"”. This article suggested a link to the food, but with
no evidence. We could not link the dental problems or even
the teeth fractures to a behaviour of biting the cage. We
could link the dental problems to different variables in the
one-way analysis — tartar in ferrets over 3 years old consuming
dry food daily compared with occasionally or never, and frac-
tures in ferrets having commercial food compared with fresh
food only — but it could not be confirmed in the multivariate
model. There are several hypotheses: (i) there is no link
between diet and dental disease in ferrets; (i) the number of
cases in each category of dental problem was too small and
pooling all dental problems diluted potential associations; (iii)
the origin of teeth fractures may be different from those of tar-
tar; (iv) dental problems are underestimated by ferret owners,
as they are quite difficult to identify.

Alopecia and adrenal disease

Suggested risk factors of adrenal disease are neutering, pro-
longed photoperiod and genetic.

We could not identify any effect of neutering. Older ferrets
appeared much more likely to show such signs. A significant asso-
clation between artificial lighting in winter and alopecia and/or
adrenal disease confirmed a previous hypothesis™”. Adrenal

o
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disease is described in both males and females, and a higher risk
for female ferrets in this study, but this may be related to a misin-
terpretation of the signs. Indeed, the differential diagnosis of
adrenal disease especially in the females includes prolonged oes-
trus and ovarian remnant, which both induce a prolonged hyper-
oestrogenism, inducing a bilateral and symmetrical alopecia, as
well as a vulvar oedema®®?*2D_ In male ferrets, a testicular
tumour must be included in the differential diagnosis®?.

The two models studied (PETFOOD and DIET) led to
similar results, which suggests that a mixed feeding of com-
mercial and fresh food did not lower the risks associated
with a regimen based on commercial food only. Dry food
was not distinguished separately in our models, as 99-1 % of
ferrets having commercial food were receiving at least some
dry food. Cat food and kitten food have been and ate still
extensively recommended for ferrets, but kitten wet food
found in the European market may contain between 10 and
14 % energy from carbohydrates, kitten dry cat food 16 to
45 %, canned adult cat food 2 to 33 % and dry adult cat
food 16 to 45 % (survey of eighty-four cat foods in France
all available at veterinary practices; brands available in super-
markets are not included). Dry food for ferrets all contains
carbohydrate, due to the manufacturing extrusion process
which requires starch to produce a kibble.

So far, to lower carbohydrate intake, it is possible to recom-
mend either a balanced homemade diet (containing meat or
fish, rapeseed oil, fish oil, wheat bran, and an adapted min-
eral-vitamin supplement) formulated by a specialist in veterin-
ary animal nutrition, or a balanced commercial wet food for
kittens or ferrets with the lowest possible carbohydrate con-
centration (less than 0-5; which requites a calculation from
the label information: 100 — % moisture — % crude protein
— % crude fat — % fibre — % ash).

Even if some biases can be pointed out, first, by the selec-
tion of passionate ferret owners who answered the question-
naire and, second, by the lack of medical evidence of the
reported health conditions, and results must be confirmed, it
is to our knowledge the first description of the French popu-
lation of pet ferrets. Also, the present study enrolled a large
number of ferrets, making a good base for further investiga-
tions to validate (or not) the suggested links pointed out
here between food and various conditions.

Conclusion

More studies are required to confirm the links suggested by
this study, between feeding habits, husbandry and diseases,
as case—control studies, using populations of ferrets followed
by veterinarians to validate the diagnosis.

So far, we can recommend to ferret owners to respect the
strict carnivore character of pet ferrets, to avoid artificial light-
ing, to bring male and female ferrets to the veterinarian for a
routine check-up, including dental examination on a regular
basis, and to provide very low-carbohydrate foods.

Additionally, veterinarians could endorse the education of fer-
ret owners, teaching that a pet ferret is still a ferret, an obligate
carnivore, with specific requirements and providing precise
and safe husbandry, nutrition and feeding recommendations.

Supplementary material

The supplementary material for this article can be found at
https://doi.otg/10.1017/jns.2017.51

Acknowledgements

Manuscript preparation and editorial assistance were provided
by Kurt Verkest of VetWrite (vetwrite@gmail.com).

The authors’ contributions were as follows: all authors designed
the study, and reviewed the results and manuscript; R. B. collected
the data; G. B., A. L., B.-M. P. and J.-]. B. designed the study and
epidemiology; M. M. performed the quantitative analysis; G. B.,
M. M. and A. L. wrote the manuscript.

The authors have no conflicts of interest to disclose.

References

1. Hoppes SM (2010) The senior ferret (Mustela putorius furo). Vet Clin
North Am Exot Anim Pract 13, 107-122.

2. Castanheira de Matos RE & Morrisey JK (2006) Common proce-
dures in the pet ferret. Ver Clin North Am Exot Anim Pract 9,
347-3065.

3. Bakthavatchalu V, Muthupalani S, Marini RP, e al (2016)
Endocrinopathy and aging in ferrets. /e Pathol 3, 349-3065.

4. Orcutt CJ (2003) Ferret urogenital diseases. ez Clin North Am Exot
Aunim Pract 6, 113-138.

5. Wyre NR, Michels D & Chen S (2013) Selected emerging diseases
in ferrets. et Clin North Am Exot Anim Pract 16, 469—-493.

6. Bell JA (1999) Ferret nutrition. et Clin North Am Exot Anim Pract
2, 169-192.

7.  Johnson-Delaney CA (2014) Ferret nuttition. ez Clin North Am
Exot Anim Pract 17, 449—470.

8. Dohoo IR, Martin SW & Stryhn H (2010) Measures of Association.
Veterinary Epidemiologic Research, pp. 135-150. Chatlottetown,
Prince Edward Island, Canada: AVC Inc.

9. McCullagh P & Nelder JA (1989) Generalized 1 inear Models, 2nd edi-
tion. London: Springer-Science.

10.  Schoemaker NJ (2017) Ferret oncology: diseases, diagnostics, and
therapeutics. ez Clin North Am Exot Anim Pract 20, 183-208.

11.  Chen S (2010) Advanced diagnostic approaches and current med-
ical management of insulinomas and adrenocortical disease in fer-
rets (Mustela putorius furo). Vet Clin North Am Exot Anim Pract 13,
439-452.

12.  Ehrart N, Withrow SJ, Ehrart |, ez al. (1996) Pancreatic 8 cell tumor
in ferrets: 20 cases (1986-1994). | Am Vet Med Assoc 209, 1737—
1740.

13. Weiss CA, Williams BH & Scott MV (1998) Insulinoma in the fer-
ret: clinical findings and treatment comparison of 66 cases. | Am
Anim Hosp Assoc 34, 471-475.

14.  Caplan ER, Peterson ME, Mullen HS, ¢ a/. (1996) Diagnosis and
treatment of insulin-secreting pancreatic islet cell tumors in ferrets:
57 cases (1986-1994). | Am Vet Med Assoc 10, 1741-1745.

15. Verbrugghe A, Hesta M, Van Weyenberg S, e al. (2010) The glu-
cose and insulin response to isoenergetic reduction of dietary
energy sources in a true carnivore: the domestic cat (Felis catus).
Br ] Nutr 104, 214-221.

16.  Evenepoel P, Geypens B, Luypaerts A, ez al. (1998) Digestibility of
cooked and raw egg protein in humans as assessed by stable isotope
techniques. | Nuzr 128, 1716-1722.

17.  Feeney RE, Stevens FC & Osuga DT (1963) The specificities
of chicken ovomucoid and ovoinhibitor. | Bio/ Chens 238, 1415—
1418.

18.  Eroshin VV, Reiter AM, Rosenthal K, ¢ /. (2011) Oral examin-
ation results in rescued ferrets: clinical findings. | ez Dent 28, 8-15.

6


https://doi.org/10.1017/jns.2017.51
https://doi.org/10.1017/jns.2017.51
mailto:vetwrite@gmail.com
https://doi.org/10.1017/jns.2017.51

journals.cambridge.org/jns ;\‘A

19.  Antonelli TS, Leischner CL, Ososky JJ, ez al. (2016) The effect of 21.  Besso JG, Tidwell AS & Gliatto JM (2000) Retrospective review of
captivity on the oral health of the critically endangered black-footed the ultrasonographic features of adrenal lesions in 21 ferrets. 17e
terret (Mustela nigripes). Can | Zool 94, 15-22. Radiol Ultrasound 41, 345-352.

20.  Patterson MM, Rogers AB, Schrenzel MD, ef al. (2003) Alopecia 22.  Kammeyer P, Ziege S, Wellhoner S, ef al. (2014) Testicular leiomyo-
attributed to neoplastic ovarian tissue in two ferrets. Comp Med sarcoma and marked alopecia in a cryptorchid ferret (Mustela putor-
53, 213-217. ins furo). Tierarztl Prax Ansg K Kleintiere Heimtiere 42, 406-410.

https://doi.org/10.1017/jns.2017.51 Published online by Cambridge University Press


https://doi.org/10.1017/jns.2017.51

	Characterisation of the French ferret population, husbandry, reported medical care and feeding habits
	Materials and methods
	Survey
	Procedure
	Statistics
	Descriptive analysis
	Quantitative analysis


	Results
	Population
	Origin and lifestyle
	Feeding habits
	Clinical features

	Discussion
	Lethargy and/or insulinoma
	Diarrhoea
	Dental problems
	Alopecia and adrenal disease
	Conclusion

	Supplementary material
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


