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Abstract
An 8-year-old, 1.06 kg, male castrated, domestic ferret (Mustela putorius furo), was
presented with an antifreeze (ethylene glycol) poisoning. The relevant medical history
shows a T-cell lymphoma diagnosed 8 months ago and was being treated with pred-
nisolone. At the initial examination, an ataxic gait was noted and blood, urine and
abdominal ultrasound tests were performed during the 48-h hospitalisation. During
hospitalisation, clinical examinations revealed ataxia, apathy, somnolence, hypother-
mia, salivation, vomiting, anorexia and anuria. Blood tests and ultrasound examinations
revealed the development of azotemia with reduced urine-specific gravity and loss of
renal structure, with renal medulla and cortex no longer being differentiated. Treatment
included ethanol infusion,metoclopramide,maropitant and furosemide. The ferret died
of acute renal failure 48 h after initiation of therapy and autopsy confirmed antifreeze
intoxication as the cause of death. Antifreeze poisoning in ferrets is underreported but
possible. Prognosis is poor without immediate therapy.

BACKGROUND

Antifreeze poisoning has been described in small animals,
but appears to be either underreported or rare in ferrets. As
an analysis of the database of the Animal Poison Control
Center (NAPPC) of the American Society for the Preven-
tion of Cruelty to Animals on reported poisonings shows, in
which about 0.5% of the reported cases were ethylene glycol
poisonings, but only eight ferrets were represented in these
579 reported cases.1 Ethylene glycol is a dihydric alcohol,
which is often used as antifreeze and whose metabolites are
highly neurotoxic and nephrotoxic.2–7 The sweet taste and the
lack of odor lead to ingestion by humans, dogs and cats.5,8,9
Ethylene glycol has mainly depressive effects on the central
nervous system and causes gastrointestinal irritation.10 Addi-
tionally, ethylene glycol metabolites formed by the enzyme
alcohol dehydrogenase (ADH) in the liver are highly neuro-
and nephrotoxic.2–7 Ethylene glycol is first oxidised by ADH
in several steps to glyoxylic acid.10,11 Glyoxylic acid is primar-
ily further metabolised into oxalic acid, but the end products
also include glycine, formic acid, hippuric acid, oxaloma-
lic acid and benzoic acid.10,11 Calcium is bound to oxalic
acid, which leads to the formation of calcium oxalate crys-
tals, which are deposited in the kidneys in particular and lead
to crystalluria.10 The metabolites cause multisystemic organ
effects, especially metabolic acidosis and acute renal failure
(ARF),5,12,13 whereby a study on cultured kidney cells showed
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that the calcium oxalate monocrystals are mainly responsible
for renal failure, as they change the function and structure of
the cell membrane of the kidney cells and cause dysfunction
of the mitochondria, which leads to cell death.11 The neuro-
logical dysfunctions are caused bymetabolites of the aldehyde
group, with glycoaldehyde being considered the main culprit.
Glycoaldehyde affects respiration, glucose metabolism, sero-
toninmetabolism and leads to impaired amine concentrations
in the central nervous system.6 Common therapies for dogs
and cats are ethanol or fomepizole to block ADH, as well as
forced diuresis and gastric lavage to accelerate elimination
of ethylene glycol, or haemodialysis or peritoneal dialysis to
remove ethylene glycol and its metabolites, as well as treat-
ment of the symptoms that occur.7,8,10,14 This case report
describes the course of intoxication with ethylene glycol in a
ferret, with the progression of clinical and laboratory changes
under an established treatment protocol for dogs and cats,
during which the animal died of ARF. The negative outcome
in this ferret raises the question of whether ferrets, such as
cats, benefit from a more suitable treatment protocol with
high-dose fomepizole.7,15

CASE PRESENTATION

An 8-year-old, 1.06 kg, male castrated, domestic ferret
(Mustela putorius furo) was presented after observed ingestion
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of a concentrated antifreeze solution from a puddle from the
garage floor approximately 2 h prior. The exact volume was
unknown. The relevant medical history shows a T-cell lym-
phoma diagnosed 8 months ago which was in stage 4a at the
time of presentation and was being treated with prednisolone
(1 mg/kg PO q24, manufacturer unknown). On presentation,
the ferret showed an ataxic gait and vital signs were nor-
mal. According to the medical history, the ferret showed no
clinical abnormalities prior to the intoxication. At the time
of the presentation, a referral to a specialised small animal
clinic was advised, which was not desired by the owner. A
complete blood count (blood cell count, blood chemistry, elec-
trolytes), a complete urinalysis (urine status, urine sediment)
and an ultrasound of the abdomen were recommended, and
the owner opted for a blood cell count, a blood chemistry, a
urinalysis and an ultrasound of the abdomen.

INVESTIGATIONS

On clinical examination at presentation, heart rate (reference
range 200‒400 beats/min), respiratory rate (reference range
33‒36 breaths/min), and body temperature (reference range
37.8◦C‒40◦C) were normal,16 peripheral lymph nodes were
physiologic, and the gait was ataxic. The ferret showed an
independent intake of food and water. For subsequent ther-
apy and blood sample collection for the first blood test on day
0, a venous catheter (VasoVet 0.9 × 25 mm (22G) B. Braun)
was inserted into the cephalic vein under manual restraint. A
blood tube with the anticoagulant ethylenediaminetetraacetic
acid (EDTA) (microtube EDTA K3E, 1.3 mL, snap cap, EU,
SARSTEDT AG & Co. KG) for the blood count and a tube
with the anticoagulant lithium heparin (Li-Hep) (microtube
lithium heparin LH, 1.3 mL, push-in cap, EU, SARSTEDT AG
& Co. KG) for the blood chemistry were obtained from the
venous catheter. The initial laboratory examination showed
leukocytosis, thrombocytopenia and hypoglycaemia, but no
azotemia. The complete results of the blood test can be found
in Table 1.
The abdominal ultrasound examination at presentation

under manual restraint showed a physiological image of the
kidneys, as well as various multifocal round structures, which
were addressed by the examining veterinarian as enlarged
lymph nodes.

DIFFERENTIAL DIAGNOSIS

The known lymphoma of this ferret is a possible differen-
tial diagnosis for the renal failure and neurological signs, but
less likely based on the owner’s observation of the antifreeze
ingestion.

TREATMENT

The ferret was hospitalised for further therapy (day 0) and
showed independent food intake as well as good urine out-
put determined subjectively via absorbent cage liners. Due
to the observed intoxication with ethylene glycol, infusion
therapy was administered with a crystalloid infusion solution
(Ringer Lactat n.Hartm.B.Braun Ecoflasche Plus Infusionslö-

LEARNING POINTS/TAKE-HOMEMESSAGES

∙ Ethylene glycol is found in many households and
tastes sweet, so it is easy to poison curious animals
and a possible intoxication should be asked about
in the anamnesis.

∙ If intoxication is suspected or certain, a complete
blood count, creatinine, urea and a urine test with
urine sediment should be carried out. Attention
should be paid to calcium monooxalate crystals in
the urine.

∙ During therapy, in addition to the clinical con-
dition (vital signs, behaviour, consciousness, gas-
trointestinal symptoms), the laboratory values and
urine output (ideally in/out protocol) should be
monitored to observe the course of therapy and to
be able to escalate therapy if the clinical condition
or laboratory values deteriorate.

∙ If intoxication is suspected, treatment should be
started immediately as the toxic metabolites are
formed very quickly by alcohol dehydrogenase and
further laboratory tests (blood count, blood chem-
istry, rapid ethylene glycol test, urinalysis) should
be initiated at the same time.

∙ The best treatment is prevention, because progno-
sis of ethylene glycol intoxication is poor.

sung, B. Braun) in which ethanol (Alkohol 95% Infusionsloe-
sungskonzentrat, B. Braun) was diluted to 30%. Initially, with
a bolus (1.3 mL/kg IV) followed by a continuous drip infu-
sion (10.2 mL/kg/day). This was supplemented with forced
diuresis using furosemide (2 mg/kg SC q 12 h; Dimazon
50 mg/mL injection solution, Intervet) and antiemetic ther-
apy using metoclopramide (0.4 mg/kg SC q 6 h; Emeprid
5 mg/mL injection solution, CEVA-Tiergesundheit). On the
following day (day 1), the heart rate, respiratory rate and
body temperature were in the physiological range and the
gait pattern remained ataxic, but apathy and anorexia were
new symptoms. Urine output was reduced compared to the
previous day. A blood test revealed mild azotemia, leukocy-
tosis and thrombocytopenia could no longer be detected, and
hypoglycaemia was persistent. The therapy with continuous
drip infusion and the administration of metoclopramide was
continued. Due to the increasing creatinine, the oral admin-
istration of the prednisolone, which was given as long-term
medication for the treatment of lymphoma, was discontinued.
In the case of the new onset of anorexia, assisted feed-
ing was started with a high-calorie diet mixed with water
(25 g/kg/day dry matter mixed with 100 mL water; CON-
VALESCENCE SUPPORT INSTANT DIET, Royal Canin),
with the total daily volume divided into several small por-
tions per day. On the morning of the second day (day 2)
after hospitalisation, the ferret was somnolent and hypother-
mic (37.2◦C) with clear signs of nausea, such as salivation,
smacking and vomiting. A laboratory check showed progres-
sion of azotemia, as well as a specific urine weight below the
reference range and haematuria. The detectable urine vol-
ume was again reduced for the previous day. A warming
mat was placed in the cage to treat the hypothermia and
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TABLE  Haematology, blood chemistry and urinalysis from an 8-year-old, castrated male ferret after ethylene glycol intoxication.

Parameter Reference range Day  (:) Day  Day  (:) Day  (:)

Haematology

Erythrocytes (T/L) 6.35‒11.20 7.48 7.13 n.d. 6.45

Haematocrit (L/L) 0.37‒0.55 0.396 0.38 n.d. . (L)

Haemoglobin (mmol/L) 6.83‒10.55 8.32 7.94 n.d. 7.07

White blood cells (G/L) 2.0‒10.0 . (H) 9.56 n.d. 6.25

Neutrophils (G/L) 0.62‒3.30 . (H) . (H) n.d. 2.64

Lymphocytes (G/L) 1.00‒8.00 4.25 2.82 n.d. 2.47

Monocytes (G/L) 0.18‒0.90 . (H) . (H) n.d. 0.81

Platelets (G/L) 270‒880  (L) 464 n.d. 709

Blood chemistry

Creatinine (μmol/L) 35‒80 72  (H)  (H)  (H)

Blood urea nitrogen (mmol/L) 3.6‒16.1 9.3 10.0 12.2 . (H)

Blood urea nitrogen/creatinine quotient n.d. 33 28 23 15

Symmetric dimethylarginine (μg/dL) 2.56‒18.4123  (H) 14 15  (H)

Anorganic phosphate (mmol/L) 1.55‒2.87 n.d. 2.15 1.89 . (H)

Total calcium (mmol/L) 2.00‒2.95 n.d. n.d. n.d. . (L)

Glucose (mmol/L) 5.23‒11.51 . (L) . (L) . (L) 5.57

Total protein (g/L) 52‒73 70 68 65 64

Albumin (g/L) 26‒38 32 32 32 32

Sodium (mmol/L) 140.1‒169.7 n.d. n.d. n.d. 153

Potassium (mmol/L) 4.6‒7.6 n.d. n.d. n.d. 5.3

Urinalysis, cystocentesis

Urine-specific gravity 1.034‒1.07029 n.d. n.d. . (L) . (L)

Glucose Negative n.d. + (H) + (H)

Protein + n.d. + +

Blood Negative n.d. ++ (H) +++ (H)

Note: Inhouse-diagnostic: IDEXX-Lasercyte (haematology) and IDEXX-Catalyst-Dx (blood chemistry). Urinalysis (Combur 9 Test 50 Stück-Roche Diagnostics, urine-specific gravity
measured by handheld refractometer). Parameters in bold and marked with (L) are below the reference range. Parameters in bold and marked with (H) are above the reference range.
Abbreviation: n.d., not determined.

the therapy already used with Maropitant (1 mg/kg SC q 24
h; Cerenia 10 mg/mL injection solution, Zoetis) was supple-
mented; the observed emesis improved under the adapted
antiemetic therapy. During the evening, there was a deteri-
oration in the general condition with a renewed worsening
of somnolence and a new laboratory examination showed a
significant progression of azotemia and, for the first time,
hyperphosphataemia, hypocalcaemia and mild anaemia. The
specific gravity of the urine had decreased further in com-
parison to the morning and haematuria increased. The urine
output subjectively continued to decrease throughout the day
and was classified as oliguria, which was confirmed by an
ultrasound examination under manual restraint of the uro-
genital tract where the kidneys showed hyperechogenicity
with no identifiable border between the renal cortex and the
renal medulla (Figures 1 and 2) and striated, mineral-dense
structures in the expected area of the renal medulla. The
urinary bladder was only slightly filled with multifocal, crys-
talloid, hyperechogenic structures, which were most likely
calcium oxalate monocrystals (Figure 3). The therapy was
not adjusted, hyperhydration was unlikely for the treating
veterinarian, as the animal did not show any significant devia-
tions in body weight or develop peripheral edema. The owner
was informed of the renewed deterioration and euthanasia
was discussed.

F IGURE  Ultrasonographic image of the left kidney of an 8-year-old,
neutered male ferret receiving intravenous drips of ethanol for ethylene
glycol poisoning approximately 36 h after ingestion. The border between the
renal medulla and cortex was not recognizable (marked with an asterisk).

OUTCOME AND FOLLOW-UP

The ferret was found dead shortly after the last blood test and
approximately 48 h after the initial presentation. The body
was transferred to pathology and the dissection revealed
moderate to high-grade precipitates of crystals in the renal
tubules and the vessels of the cerebrum. The precipitates
were identified as oxalate crystals on the haematoxylin/eosin-
stained overview preparation by polarisation optical bire-
fringence, which are pathognomonic for ethylene glycol.5
Furthermore, tumour cells were detected in the lungs, lung
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F IGURE  Ultrasonographic image of the right kidney of an
8-year-old, neutered male ferret receiving intravenous drips of ethanol for
ethylene glycol poisoning approximately 36 h after ingestion. The border
between the renal medulla and cortex was not recognizable (marked with an
asterisk).

F IGURE  Ultrasonographic image of the urinary bladder of an
8-year-old neutered male ferret receiving intravenous ethanol drip therapy
approximately 36 h after ethylene glycol poisoning. The urinary bladder was
only mildly filled with multifocal, crystalloid, hyperechoic structures that
were most likely calcium oxalate monohydrate crystals (marked with an
asterisk).

lymph nodes, mesentery, liver, spleen and body lymph nodes,
which were positive for CD3 (T-lymphocytes) and negative
for CD20 (B-lymphocytes). These results were interpretated
as a T-cell lymphoma. The minimally invasive therapy was
performed at the owner’s request. Transfer to a specialised
veterinary hospital or escalation of therapy with dialysis, an
in/out protocol for kidney function or fomepizole was dis-
cussed with the owner and was explicitly not desired despite
the known poor prognosis, also for financial reasons.

DISCUSSION

A literature search revealed that this is only the second case
report of intoxication with ethylene glycol (antifreeze) in a
ferret.17–19 In the first case report of ethylene glycol intoxica-
tion in ferrets, the owner was also able to observe their ferrets
ingesting the antifreeze, but was able to induce vomiting sev-
eral minutes after ingestion and administer alcohol (ethanol)
orally as recommended by their veterinarian. In the further
course of the case, the owner decided against further care by
his veterinarian and carried out oral alcohol therapy on his
own as instructed, and all the animals survived.20 Since the
ferret was not presented for treatment until 2 h after ingestion
and was able to consume an unknown amount of concen-
trated ethylene glycol, it can be assumed that a toxic dose
was ingested and that the highest serum concentration had
already been reached at the time of presentation and the liver
had formed toxic metabolites. Since the minimum lethal dose
in cats is 1.4mL/kg6,7 and in dogs 6.6mL/kg,9 the plasma half-
life in laboratory animals is about 3 h19 and the highest serum
concentration of ethylene glycol in cats is measured 1 h after

ingestion.7 In particular, one group of ferrets survived after
direct induction of vomiting and oral alcohol treatment,20
and the ferret presented here developed ARF with a fatal
outcome. Clinical signs after oral ingestion of ethylene glycol
in dogs, cats and humans are dose- and time-dependent and
occur in three clinical stages.9,12,15 In stage 1, until 12 h after
ingestion thirst,3,4 lethargy,3,4 vomitus,4,21 hypothermia,4,21
polydipsia and polyuria,3,4,8 ataxia,3,4,8,9 convulsions, coma
and dead9 might be present. In stage 2 (12‒24 h), tachy-
cardia and tachypnea may additionally occur.9,12,15 Stage 3
(24‒72 h) is stage in which animals are usually admitted.9
Admitting symptoms are anorexia,9,15 hypersalivation,15
uremic halitos,15 nephralgia,4 polydipsia and polyuria3,4,8
and oliguria.4,8,9 Laboratory changes can be categorised into
an early and late phase of ethylene glycol intoxication.10
In the early phase, an increased anion gap may be seen,
and in the late phase, changes occur in response to renal
injury and decreased glomerular filtration.10 Possible labo-
ratory changes include renal azotemia,8,9 hyperkalaemia,8,9
hyperphosphataemia,4 hypocalcaemia,4 hypoglycaemia,4
hyperglycaemia,4 haematuria,4 proteinuria,4 glucosuria,4
decreased urine-specific gravity3,4 and calcium oxalate
monohydrate crystalluria.10,15 The ferret was presented in
stage 1 and progressed to stage 3 during therapy. Of the
clinical symptoms, ataxia, lethargy, anorexia, hypothermia,
vomitus and oliguria could be observed. Of the laboratory
changes described, our ferret showed renal azotemia, hyper-
phosphataemia, hypocalcaemia, hypoglycaemia, proteinuria,
glucosuria and haematuria (Table 1).
Symmetric dimethylarginine, which should increase with

decreasing glomerular filtration rate,22 is within, or close to,
the reference range despite the development of azotemia.23 It
is possible that symmetric dimethylarginine is not yet a reli-
able parameter for ferrets based on the current data, since
larger studies and validation of this parameter are not yet
available and no validated commercial test is available for
ferrets.23 Diagnosis of antifreeze poisoning is difficult with-
out observed intake and usually based on the symptoms and
laboratory alterations.8,9,10,15 The oral cavity and the urine can
be examined with a Wood’s lamp, as antifreeze products are
oftenmixedwith a fluorescent dye, and a positive fluorescence
might be observed.10 Hyperechogenicity of the renal cortex
and formation of a hyperechoic band in the medulla are men-
tioned as typical changes in ultrasound.24 Ethylene glycol can
also be detected by tests. An in-house test from Kacey (Kacey
EG-3 Antifreeze Test) is available to detect ethylene glycol or
its metabolite oxalate. The manufacturer states that this test
can detect ethylene glycol from a quantity of 10 mg/dL in a
time frame of 45 min‒10 h after ingestion and oxalate from
0.25 mg/dL in a time frame of 9‒16 h after ingestion. Labora-
tories offer ethylene glycol analysis from whole blood, plasma
or serum. All tests can be false negative if too little ethylene
glycol is ingested or too much is metabolised, 24 h after inges-
tion the tests are usually false negative for ethylene glycol.15 As
this patient had observed ethylene glycol ingestion, no exter-
nal laboratory analysis was initiated and an in-house test was
not available, because such intoxications still occur, it should
be considered to have these in stock. The aim of therapy is to
stabilise the patient symptomatically, eliminate ethylene gly-
col from the bloodstream and reversibly block the enzyme
ADH in the liver, which metabolises the toxic metabolites,
with fomepizole (4-methyl-pyrazole) or ethanol. Ethanol has
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a higher affinity for ADH than ethylene glycol and is there-
fore metabolised first. Fomepizole, on the other hand, is a
synthetic, reversible inhibitor of ADH and does not show the
typical side effects of ethanol therapy such as nausea, vom-
iting, apathy and somnolence.7,10,13 Furthermore, fomepizole
has to be proven to be safe and effective in dogs and cats
with a much better prognosis such as ethanol therapy.7,13,14
In cats, it was shown that a dose six times higher than that
used in dogs is needed to achieve the same response. A sin-
gle dose of Initial 125 mg/kg followed by 31.25 mg/kg doses
at 12, 24 and 36 h was found to be effective and safe.7 But
fomepizole is not available inmost veterinary clinics and phar-
macies in Germany to be administered in a timely manner
and is associated with a high-cost factor. In addition to ADH-
inhibiting therapy with ethanol or fomepizole, haemodialysis
and forced diuresis are used to rapidly remove ethylene gly-
col and its metabolites.2,7,8,13,14,25–27 Haemodialysis was not an
option for this patient, as no compatible haemodialysis unit
was available in the local area. Peritoneal dialysis might be
a cost-effective alternative,28 but is not described in ferrets.
Fomepizole was not available and peritoneal dialysis was not
performed because of the tight budget but should be consid-
ered in future cases. Ethanol therapy should always be started
if treatment with fomepizole or dialysis is not available or
only available later.2 In summary, it can be said that this fer-
ret under therapy went through a progression of the stages
described above until kidney failure, which was attributed to
the late presentation after admission. The ownerwas informed
about the prognosis and, in the further course, also about the
development, but did not want any escalation of the therapy
and decided against euthanasia until the clear clinical and lab-
oratory deterioration on day 2. Euthanasia was to be carried
out on site with the owner after the renewed deterioration on
day 2, but the animal died shortly before. For future cases,
consideration should be given to how, in the only other case
report described, the owner was instructed over the phone
to administer an oral dose of ethanol (2 mL per animal of a
45% spirit orally) when ingestion was observed.20 However, it
should be noted that there are no reliable dose recommenda-
tions for the oral administration of ethanol in ferrets. In dogs,
however, a dose of 2.5 mL/kg of a 40% alcoholic beverage has
been described, which is repeated after 3, 7, 14 and 24 h.27
If the animal presents without prior ethanol intake and more
than an hour has passed since the observed intake, the owners
should be directly and critically advised about the possibil-
ity of haemodialysis or peritoneal dialysis in addition to the
symptomatic therapy. If these measures are not desired, and
if the disease progresses negatively during therapy, euthana-
sia should be discussed with the owner in extremely critical
terms. Many dogs and cats die or are euthanased due to
ARF triggered by the metabolites.9,10 However, prognosis of
ethylene glycol intoxication is poor.7,13
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MULTIPLE CHOICE QUEST ION
Which urinary stones can typically be detected in ethylene
glycol poisoning?

POSSIBLE ANSWERS TO MULTIPLE
CHOICE QUEST ION
Calcium oxalate monohydrate
Ammonium urate
Struvite
Xanthin

CORRECT ANSWER
Themetabolismof ethylene glycol in the liver by alcohol dehy-
drogenase leads to the formation of metabolites, including
oxalic acid, which precipitate in the renal tubules as cal-
ciumoxalatemonohydrates and are responsible for acute renal
insufficiency.

https://doi.org/10.1002/vrc2.70126

	Ethylene glycol intoxication (antifreeze poisoning) in a domestic ferret (Mustela putorius furo)
	Abstract
	BACKGROUND
	CASE PRESENTATION
	INVESTIGATIONS
	DIFFERENTIAL DIAGNOSIS
	TREATMENT
	OUTCOME AND FOLLOW-UP
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	FUNDING INFORMATION
	ETHICS STATEMENT
	ORCID
	REFERENCES
	MULTIPLE CHOICE QUESTION
	POSSIBLE ANSWERS TO MULTIPLE CHOICE QUESTION
	CORRECT ANSWER


