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Outbreak of thiamine deficiency in
cats associated with the feeding of
defective dry food

Ya-Pei Chang'23, Po-Yu Chiu?3, Chung-Tien Lin23, I-Hsuan Liu%5*
and Chen-Hsuan Liu'5*

Abstract

Objectives The objective of this study was to determine disease progression, association between neurological
signs and magnetic resonance imaging (MRI) findings, and long-term outcome in feline thiamine deficiency
associated with defective dry food.

Methods The clinical records of 17 cats diagnosed with thiamine deficiency related to a defective dry food were
examined and data collected. The thiamine level in the food was analysed by liquid chromatography—tandem mass
spectrometry.

Results The thiamine level in the food was below the recommendation of the National Research Council. Fifteen
cats were fed the food exclusively. Prior to the acute development of neurological signs, most cats displayed non-
specific signs such as anorexia, lethargy or vomiting. Vestibular signs of varying severity were observed in 94% of
the cats, and all but one of these presented with bilateral dysfunction. Other main neurological signs included altered
mentation (76%), blindness (59%) and seizures (59%). Moreover, 80% of the cats with seizures presented with
cluster seizures or status epilepticus. MRI abnormalities consistent with findings reported in the previous literature
were detected in five cases. MRI was unremarkable in one cat with ongoing severe neurological signs even though
thiamine had been administered. Most surviving cats recovered rapidly within 2 weeks of treatment and had either
returned to normal or had minimal neurological signs at the 2 month follow-up. One cat recovered slowly over 6
months. Most cats with seizures in the initial stage of the disease remained seizure free at the 24 month follow-up.
Conclusions and relevance This study documented the association between feline thiamine deficiency and
defective dry food. MRI examination provided valuable information in the diagnosis. However, normal MRI findings
do not exclude the diagnosis of feline thiamine deficiency, especially once thiamine has been supplemented. MRI
findings also may not always reflect the neurological status or severity. If treated promptly, most cats will recover
rapidly with a good outcome. Occasionally, recovery may be slow and take several months.
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Introduction

Thiamine is required for the metabolism of glucose, lipids
and amino acids, and the synthesis of neurotransmit-
ters.}? Thiamine diphosphate, the biologically active form
of thiamine, functions as a cofactor in important enzyme
systems involving the conversion of pyruvate to acetyl-
CoA, the tricarboxylic acid cycle, pentose phosphate cycle
and the metabolism of branched-chain amino acids.!?
Thiamine is therefore essential for normal cellular func-
tion in all animals.? The nervous system is especially sen-
sitive to thiamine deficiency (TD) owing to its dependence
on glucose metabolism. Besides the key role of thiamine
in energy metabolism, its non-cofactor role is also estab-
lished.*> For example, unphosphorylated thiamine can
affect membrane ion channel activity and participate in
nerve conduction and synaptic transmission.>®

Thiamine is synthesised only in bacteria, fungi and
plants.> Although it is synthesised by the intestinal
microflora of cats, the site of synthesis is too distal for
absorption. Thus, endogenously synthesised thiamine
does not significantly contribute to meeting the body’s
needs.”® Additionally, only small amounts of thiamine
are stored in the body.? Consistent dietary thiamine is
therefore necessary; it is particularly crucial for cats as
their dietary requirement is relatively high compared
with human beings, dogs, foxes, minks and monkeys.5-13
Clinical signs in the initial stage of feline TD are often
vague and non-specific, making early diagnosis difficult.
If untreated, further depletion results in progressive
encephalopathy with various neurological signs, such as
ventroflexion of the head and neck, blindness, mydria-
sis, ataxia, vestibular signs, altered mentation, seizures,
coma and even death.!*!®> A cardiac arrhythmic syn-
drome with electrocardiographic changes has also been
reported in cats in the end stage of the disease.

Most documented issues underlying feline TD are
diet related, such as food containing substances that
inactivate thiamine (eg, thiaminase and sulfites), a home-
prepared cooked diet and commercial canned food with
insufficient thiamine.”#1517-2 Food sources rich in thia-
mine include grains, meats, liver, poultry, fish, eggs,
milk, vegetables and legumes.?* However, thiamine is
vulnerable to destruction. High temperatures, a neutral
or alkaline state, and chlorinated water involved in food
processing all lead to the loss of thiamine.”#?> For the
production of commercial pet foods, the manufacturers
therefore add high levels of synthetic thiamine to com-
pensate for losses during processing.26?” Nevertheless,
TD in cats with a diet primarily consisting of commercial
canned food are still documented occasionally.”1517,1821
Compared with dry foods, the process of producing
canned foods (eg, sterilisation with heat and/or adding
alkalinising gelling agents) destroys a larger amount of
thiamine.?” In addition, a complementary diet could be

mistakenly used as an exclusive diet, as previously
reported.” Furthermore, a recent study revealed that the
thiamine concentration was below the recommended
allowance of the National Research Council (NRC) in
15.6% of 90 commercial canned foods that were formu-
lated as a complete diet for cats.?® This finding highlights
the importance of analysing the final commercial food
product to ensure the thiamine requirement is met.

Feline TD primarily associated with defective dry
food has not been reported in the literature, although in
the past 6 years two documented recalls of dry cat food
by the US Food and Drug Administration were poten-
tially due to this issue.?? Here we report an outbreak of
feline TD in Taiwan. The objectives of the study were to
describe disease progression, the association between
neurological signs and findings on magnetic resonance
imaging (MRI), and the long-term outcome in feline TD
associated with defective dry cat food.

Materials and methods

The medical records of the National Taiwan University
Veterinary Hospital (NTUVH) were retrospectively
reviewed to search for cats diagnosed with TD between
October 2012 and September 2013. The diagnosis was
based on the development of neurological dysfunction
while being fed with a specific batch of commercial dry
food. The batch was manufactured in the USA on 10 July
2012 via the process of extrusion and launched onto the
market in Taiwan as a local brand at the end of October
2012 (Holistic Recipe Solution, Indoor Cat Hairball
Control, Chicken & Salmon with Veg & Fruits; Isco
Company). The food was later confirmed to contain
insufficient thiamine by liquid chromatography—tandem
mass spectrometry. Cat owners were officially warned
against its use and the product was recalled from the
market at the end of February 2013. Data concerning
breed, age at onset, sex, diet history, duration and pro-
gression of non-specific and neurological signs, findings
on neurological examination, diagnostic test results,
treatment and outcome were collected. Diagnostic tests
included haematology and serum biochemical analysis
in all cats, and cerebrospinal fluid (CSF) analysis and
MRI of the brain (0.2 Tesla Vet-MR; Esaote) in six cats.
The following MRI pulse sequences were used:
T1-weighted (T1W), T2-weighted (T2W) and fluid-
attenuated inversion recovery (FLAIR). Additional TIW
and FLAIR images were acquired following the intrave-
nous administration of gadopentetate dimeglumine
(Magnevist, Bayer Schering Pharma AG) at a dose of
0.15 mmol/kg of body weight. Follow-up information
was collected via physical and neurological examination
or telephone conversation with the owner at 1 week,
2 weeks, 2—4 months, 6 months and 24 months after the
initial presentation.
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Results
The thiamine level in this batch of food was 0.35 mg/kg
dry matter (DM), below the recommendation of the NRC
(=5.6 mg/kg DM)!" and the Association of American
Feed Control Officers (=5 mg/kg DM).?” The timeline of
the manufacture, launch and recall of the defective batch
and the distribution of cases in the study during the out-
break is illustrated in Figure 1. Records of 17 cats (five
males, 12 females) aged from 7 months to 10 years (mean
+SD 5.6 = 2.9 years) were included in the study. Thirteen
cats (76%) were domestic shorthairs and the remainder
were Persians. Fifteen cats were fed this diet exclusively.
In addition to the daily dry food, one cat was also fed
small amount of canned food (maximum 25% of the
meal volume) every few days and the other cat every
2-3 weeks. Most owners could not precisely recall the
exact duration of the defective diet before their cats
developed clinical signs associated with TD. However,
most cases (94%) in this outbreak were diagnosed
2-4 months after the defective food launched on the local
market at the end of October 2012 (Figure 1).

Non-specific signs were reported in 94% of cats,
including anorexia (71%), vomiting (53%), lethargy
(41%) and tachypnoea (18%). Among the 12 cats for
which there was detailed information, these clinical
signs preceded the onset of neurological dysfunction by
0-60 days (median 3 days).

Before presenting to the NTUVH, the duration of neu-
rological signs ranged from 1 to 7 days (median 2 days).
Vestibular signs of varying severity were observed most
commonly (16/17; 94%), including ataxia, truncal ataxia,
absent physiological nystagmus, spontaneous or posi-
tional nystagmus, head tilt and/or inability to walk. All
but one of these 16 cats presented with bilateral vestibu-
lar dysfunction. Neurological signs in the cat without
vestibular signs included seizures, blindness and altered
mentation (cat 5 in Table 1 and Figure 2). Furthermore,
active cervical ventroflexion and rolling forward when
being lifted up was observed in some cats. Other main
neurological signs included altered mentation (76%),
blindness (59%) and seizures (59%). Generalised tonic—
clonic seizure was the most commonly reported seizure
type, and 80% of cats with seizures presented with clus-
ter seizures or status epilepticus. The neuroanatomical
localisation was determined as multifocal, consisting of
forebrain and brainstem in 13 cats (76%), brainstem in
three cats (18%) and forebrain in one cat (6%).

Laboratory abnormalities in haematology and serum
biochemical analysis were noted in 12 cats at the initial
presentation, including hyperglycaemia (n = 7), elevated
aspartate aminotransferase (n = 7), leukocytosis (n = 5),
anaemia (n = 3), elevated alanine aminotransferase (n = 1),
elevated blood urea nitrogen (n = 1) and hyperalbumi-
naemia (n = 1).
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Figure 1 Timeline of the manufacture, launch and recall of
the defective batch and the distribution of 17 cases in this
study during the outbreak. The first case was seen on 25
December 2012

Blood tests were repeated at various time points in
10/12 cats with initial laboratory abnormalities. In six
surviving cats, all changes returned to normal values
within 3 months. In the other two surviving cats, the
abnormalities improved but had not resolved 1 week
after the initial examination, including mildly elevated
aspartate aminotransferase (n = 2), leukocytosis (n = 1)
and anaemia (n = 1). In two cats that did not survive,
one developed severe anaemia and leukocytosis during
hospitalisation (cat 1 in Table 1) and the other continued
to show moderately increased aspartate aminotrans-
ferase as the only laboratory abnormality.

CSF collected from the cisterna magna (n = 5) or caudal
lumbar region (n = 1) was analysed. Albuminocytological
dissociation was detected in two cats in the cisterna magna
sample (protein level 38 and 41 mg/d], respectively; refer-
ence interval <25 mg/dl). The results of the remaining
CSF samples were unremarkable.

MRI of the brain was performed on six cats with
ongoing neurological signs (Table 1). Abnormal findings
were noted in five cats, consisting of bilateral hyperin-
tensity affecting the lateral geniculate nuclei (n = 4), cau-
dal colliculi (n = 4), facial nuclei (n = 3), cerebral cortex
(n = 2), medial vestibular nuclei (n = 1) and periaque-
ductal grey matter (n = 1) on T2W and FLAIR images
(Table 1, Figures 2 and 3). Mild contrast enhancement
was evident on TIW images within some of the afore-
mentioned lesions in four cats (Table 1). MRI was unre-
markable in one cat, which had been treated with 5 days
of thiamine supplementation prior to the MRI examina-
tion (cat 6 in Table 1 and Figure 4). Despite the treatment,
it showed progressive neurological dysfunction and pre-
sented with obtundation, severe bilateral vestibular
signs and seizures uncontrolled by antiepileptic drugs
(AEDs) upon the MRI examination. Results of
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Table 1 Clinical signs, lesion localisation and imaging findings in six cats that underwent magnetic resonance imaging

(MRI)
Cat Neurological signs and deficits Areas with hyperintense changes on MRI
T2W and FLAIR images
Lesion localisation based on neurological examination Main location of MRI changes
1 Obtundation, disorientation, head tilt, non-ambulatory tetraparesis, LGN, CC*, FN, PGM
head swing, truncal ataxia, absent vestibular eye movement,
nystagmus, mydriasis, postural reaction deficits
Brainstem Forebrain, brainstem
2 Obtundation, ataxia, tetraparesis, absent menace response, absent Cerebral cortex*, LGN
vestibular eye movement, blindness, decreased PLR, postural reaction
deficits, seizures
Forebrain, brainstem Forebrain
8 Disorientation, truncal ataxia, rolling, falling, absent PLR/menace Cerebral cortex*, LGN*, CC*, FN, VN~
response/vestibular eye movement, mydriasis, seizures, head
pressing, nystagmus, blindness, tetraparesis, postural reaction deficits
Forebrain, brainstem Forebrain, brainstem
4 Rolling, opisthotonus, nystagmus, ataxia, decreased vestibular eye CC
movement, head tilt (due to previous otitis media/interna), postural
reaction deficits
Brainstem Forebrain, brainstem
5 Seizure, obtundation, absent menace response, blindness LGN, CC*, FN
Forebrain Forebrain, brainstem
6 Seizure, obtundation, opisthotonus, truncal ataxia, non-ambulatory NAD
tetraparesis, mydriasis, blindness, absent PLR, nystagmus, head
swing, falling, circling, postural reaction deficits
Forebrain, brainstem NAD

*Contrast enhancement on T1-weighted images

T2W = T2-weighted; FLAIR = fluid-attenuated inversion recovery; LGN = lateral geniculate nuclei; CC = caudal colliculi; FN = facial nuclei;
PGM = periaqueductal grey matter; PLR = pupillary light reflex; VN = vestibular nuclei; NAD = no abnormality detected

Figure 2 (a) Transverse T2-weighted (T2W) magnetic
resonance image at the level of the thalamus and (b) dorsal
T2W image at the level of the caudal colliculi of cat 5. Bilateral
symmetrical hyperintense lesions are noted affecting the
lateral geniculate nuceli (arrow) in (a) and the caudal colliculi
(arrow) in (b). At the time of magnetic resonance imaging
examination, the cat presented with seizures and blindness,
without other typical signs suggestive of brainstem problems,
as seen in the other thiamine-deficient cats

subsequent tests in this cat were all unremarkable,
including CSF analysis, serum cryptococcal antigen latex
agglutination serology, polymerase chain reaction tests

for coronavirus and toxoplasma, and CSF bacterial cul-
ture. Based on the history of defective food and negative
results from other investigations, this cat was diagnosed
with TD.

Treatments included thiamine supplementation,
changing to a balanced diet, symptomatic treatment and
supportive care. Mannitol (Taiwan Biotech), AEDs,
antiemetic drugs, antibiotics, corticosteroids (methyl-
prednisolone or prednisolone) or oxygen supplementa-
tion were administered based on clinical signs and at the
discretion of clinicians. Thiamine supplementation of
100-300 mg/day (n = 14, IV or IM administration for the
first 1-14 days, followed by PO at least until most clinical
signs resolved) or 30 mg/day (n = 1, IV for 4 days) was
prescribed and diet change (n = 16) was initiated imme-
diately after the diagnosis was made. In the very early
stage of the outbreak, when the association with the thi-
amine-deficient diet was still unclear, one cat without
thiamine supplementation died during the clinical
investigations. Half the cats with seizures were treated
with monotherapy phenobarbital (n = 4; Johnson
Chemical Pharmaceutical Works) or phenobarbital com-
bined with levetiracetam (n = 1; Keppra, UCB SA). The
duration of AED administration ranged from 5 weeks to
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Figure 3 Transverse fluid-attenuated inversion recovery
magnetic resonance images of cat 3 at the level of the

(a) thalamus, (b) mesencephalic aqueduct, (c) caudal
colliculi and (d) fourth ventricle. Bilateral symmetrical
hyperintense changes are evident within the lateral geniculate
nuclei (arrow) in (a), the splenial gyri (arrow) in (b), the caudal
colliculi (arrow) in (c) and vestibular nuclei (arrow) in (d)

6 months (median 5 months). No recurrence of seizures
was reported in the follow-up period after weaning off
the AEDs. For all cats with seizure activity, seizures were
only noted in the early stage of neurological manifesta-
tion (ie, no further seizure was reported once neurologi-
cal signs started to improve). However, in cats treated
with AEDs, it is not clear whether this observation was
owing to the AED treatment or the disease course of TD.

Two cats (12%) died within 7 days of the onset of neu-
rological signs. One cat, as mentioned above, died dur-
ing the investigation in the early stage of the outbreak. In
the other cat (cat 1 in Table 1), thiamine supplementation
(300 mg/day IM for 1 day, followed by 200 mg/day IM)
was initiated immediately after the MRI and CSF exami-
nation that was performed 2 days after the onset of neu-
rological dysfunction; however, the cat continued to
deteriorate and died 4 days later. In 82% (14/17) of
patients, significant improvement occurred within the
first (n = 13) or the second week (n = 1) after thiamine
supplementation. At the 2 month follow-up, these
14 cats had either returned to normal function or exhib-
ited only mild ataxia. In contrast, the recovery was much
slower in the cat that initially deteriorated progressively
despite thiamine supplementation (cat 6), and it still
exhibited severe ataxia 2 months after the diagnosis. At
the 6 month follow-up, full neurological recovery was
reported in six cats. In the remainder, the following

Figure 4 (a) Transverse T2-weighted (T2W) magnetic
resonance image at the level of the thalamus and (b) dorsal
T2W image at the level of the caudal colliculi of cat 6. No
obvious hyperintense changes are detected. Despite 5 days
of thiamine supplementation, the cat showed progressive and
severe neurological signs at the time of magnetic resonance
imaging examination

neurological signs were reported: reluctance to jump
(n = 4), mild ataxia or weakness (n = 2), mild head tilt on
waking (n = 1) and occasional circling (n = 1).
Interestingly, open-mouthed breathing after intense
activity was reported in two cats; however, its associa-
tion with TD was not confirmed. At the 24 month follow-
up, eight cats had completely returned to normal, and
the following neurological signs were reported in the
remainder: reluctance to jump (n = 3), very mild ataxia
or weakness (n = 1), mild head tilt on waking (n = 1)
and occasional circling (n = 1).

Discussion

In this study, based on a cluster of cases, from different
living environments, diagnosed with TD in a short
period of time, a problem with the commercial diet was
strongly suspected. This was further confirmed by the
low thiamine content found in the dry food. Although
the exact problem was not identified, it could have arisen
from the manufacturing process, inadequate thiamine
supplementation during manufacturing or storage.
Extrusion, a process driving materials to flow through a
shaped hole, is widely used in the manufacture of dry
pet foods.?¢ In addition to aforementioned factors (high
process temperature, an alkaline buffer and chloride in
water), a faster screw extruder speed is also associated
with increased thiamine loss in extrusion cooking, poten-
tially due to additional heat generated within the barrel
by shear or other mechanisms.®® Approximately 12% of
thiamine loss during processing has been reported for
dry cat food.?” The duration and condition of pet food
storage can also result in thiamine loss. For dry cat food,
a 34% loss in thiamine after 18 months of storage has
been documented.?” Although the peak of this outbreak
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occurred only 5-7 months after manufacture, as illus-
trated in Figure 1, storage conditions such as humidity
and heat can potentially hasten the destruction of thia-
mine. The manufacturers usually supply extra thiamine
to compensate for the losses from processing and stor-
age. However, any mismatch between supplementation
and losses during processing and storage would lead to
thiamine-deficient dry food.

Domestic shorthair cats were over-represented in the
study. This likely reflected the breed populations in
Taiwan rather than a predisposition to TD. According to
previous experiments, neurological signs associated
with TD appear 25-40 days from the beginning of the
thiamine-deficient diet.#15 Although it was not possible
to determine exactly how long owners had been supply-
ing the defective food before cats developed neurologi-
cal signs, the lag between the launch of the diet and the
peak of the outbreak fits with the literature.

One limitation of the present study is that diagnosis
was based on a low thiamine level in the diet. Ideally, the
diagnosis of TD should be confirmed by measuring the
activity of thiamine diphosphate via erythrocyte tran-
sketolase activity assay or direct measurement of thia-
mine and its phosphate esters in whole blood via
high-performance liquid chromatography.81:32
However, a presumptive diagnosis can be achieved
based on case history, clinical and neurological presenta-
tion, typical MRI findings, and rapid clinical response to
thiamine supplementation.!?0333 Among paraclinical
tests, MRI is currently considered the most valuable
method for diagnosing Wernicke’s encephalopathy, the
acute neuropsychiatric syndrome resulting from TD in
human beings.?® In the present study, 5/6 cats exhibited
MRI changes consistent with previous reports in cats.18-21
However, no MRI abnormalities on T1W, T2W or FLAIR
images were present in one cat that had received 5 days
of thiamine supplementation before MRI examination
(cat 6 in Table 1 and Figure 4). It is uncertain whether
MRI abnormalities in this cat resolved following treat-
ment or if there were no MRI abnormalities present even
before thiamine supplementation. In people with acute
Wernicke’s encephalopathy, several case reports have
demonstrated that the progression of clinical signs cor-
relates with the progression and extension of lesions on
serial MRI examinations.3¢” Both the human and veteri-
nary literature also report complete or partial resolution
of MRI abnormalities following thiamine supplementa-
tion and the improvement of clinical signs.192038-41 In
two feline case reports, a second MRI examination per-
formed 4 days and 3 weeks after thiamine supplementa-
tion revealed complete and nearly complete resolution
of previous MRI findings, respectively.?’ One canine
case report also documented a similar phenomenon after
8 weeks of treatment.’® Upon MRI re-examination, the
clinical signs mentioned in these three reports had either

dramatically improved or completely resolved. In con-
trast, in the present study, the cat with normal MRI find-
ings still presented marked neurological deficits when
MRI examination was performed. This unexpected find-
ing shows that clinical neurological status may not
always correlate with MRI findings in cats with TD,
especially once thiamine supplementation has been
administered. Moreover, in cats with MRI abnormalities
in the present study, the location of hyperintense foci on
T2W and FLAIR images also did not consistently corre-
late with clinical signs (Table 1 and Figure 2). Another
speculation is that no MRI abnormalities were present
even before thiamine supplementation in cat 6. In the lit-
erature regarding Wernicke’s encephalopathy in people,
normal MRI findings were reported in 13-42% of
patients.®>% Furthermore, a sensitivity of 53% with a
specificity of 93% was documented when using MRI to
identify patients with Wernicke’s encephalopathy.** The
value of typical MRI findings in the diagnosis of TD in
dogs and cats is well recognised.!8-21345 However, clini-
cians should be aware of the potential mismatch of neu-
rological signs and MRI findings and the possibility of
unremarkable MRI findings in thiamine-deficient cats,
with and potentially even without previous thiamine
supplementation.

Unlike the majority of surviving cats in this outbreak,
the cat with normal MRI findings had a much slower
recovery. The reason for this observation is unclear. As it is
uncertain whether MRI abnormalities in this cat resolved
following thiamine supplementation or if no MRI lesions
was present even before treatment, the literature regard-
ing Wernicke’s encephalopathy concerning both scenarios
was searched for comparison or explanation for the obser-
vation in this cat. Although the correlation between absent
findings on MRI and clinical outcome was not studied in
Wernicke’s encephalopathy, case reports demonstrated
that patients with normal MRI findings had various clini-
cal outcomes, ranging from mild neurological deficits to
death.#-#* In addition, although the literature documents
resolution of MRI abnormalities following therapy and
the improvement of clinical signs, reversible MRI findings
do not necessarily imply a full recovery without residual
neurological deficits in humans.* If treated promptly,
acute clinical signs in Wernicke’s encephalopathy usually
improve within weeks, but slow recovery has also been
reported occasionally.®>#! The abovementioned informa-
tion indicates that variations do exist regarding imaging
findings and response to treatment in Wernicke’s enceph-
alopathy, although most patients fit the general profiles.
Many factors are discussed, including genetic alterations
in the transport system of thiamine, which may contribute
to how well an individual copes with TD or responds to
therapy.®® During the treatment of Wernicke’s encepha-
lopathy, deficiency in other vitamins, especially magne-
sium, should also be corrected.®® Magnesium plays a
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crucial role in the catalytic action of many enzymes,
including transketolase in the pentose phosphate path-
way and thiamine diphosphokinase in the conversion of
thiamine into thiamine diphosphate. Severe magnesium
depletion may lead to a refractory response to thiamine.
Magnesium in blood was not measured in this cat, but the
magnesium level tested in the food was above the recom-
mendation of the Association of American Feed Control
Officers.?” In the future, thorough evaluation of general
nutritional status should be considered in cats with TD.

Another limitation of this study is the use of low-field
MRI. It is believed that high-field MRI can identify more
subtle changes. Certainly, it would be interesting to per-
form such examination on cat 6, which showed no MRI
abnormalities on low-field MRI (Figure 4) after thiamine
supplementation while presenting marked neurological
deficits. However, the imaging findings in other cats
were similar to those in previously published articles.!%20
Furthermore, subtle hyperintense changes in the caudal
colliculi were still detected on T2W images in a cat pre-
senting with relatively mild clinical signs for the shortest
duration in this study (cat 4 in Table 1), supporting the
utility of low-field MRI as an alternative imaging modal-
ity in identifying major changes in cats with TD.

T2W hyperintense changes within the lateral genicu-
late nuclei and brainstem nuclei were the most common
MRI findings in this study. A similar pattern was also
seen after reviewing all previous feline reports; MRI
changes involving the cerebral cortex and cerebellar
nodules were less frequently documented.!8-2!
Interestingly, in Wernicke’s encephalopathy, cortical
changes are also rarely reported. Moreover, such changes
potentially indicate irreversible damage and a poor
prognosis in humans. In contrast, cats with cerebral cor-
tical involvement in the present study and previous case
reports all recovered uneventfully.!® Cortical involve-
ment on MRI does not seem to be a prognostic indicator
in feline TD. However, a larger sample size is needed to
further confirm this observation.

Personal communication with the pet food company
further revealed that in total 203 cases in Taiwan claimed
to be involved in this outbreak. Compared with the total
sales of food packs, it is estimated that 3-5% of cats fed
the defective dry food developed clinical signs sugges-
tive of TD. The earliest case was in mid-November 2012
and the peak of outbreak was in December 2012—January
2013. Approximately 15% of these cases developed neu-
rological signs. For surviving cats, the majority recov-
ered rapidly once treatment was initiated and had either
completely returned to normal or showed mild clinical
signs associated with balance problems, although one
cat continues to exhibit intermittent seizure activities,
which requires long-term AEDs. Overall, although rep-
resented as severe cases, the case distribution over time
and the recovery of the 17 cats included in this study

largely reflected the general presentation of this
outbreak.

Conclusions

TD should be considered a differential diagnosis in cats
presenting with vestibular signs, altered mentation,
blindness and seizures, even with a primary diet of dry
food. MRI examination provides valuable information
in the diagnosis. However, normal MRI findings do not
exclude the diagnosis of feline TD, especially once thia-
mine has been administered. MRI findings on conven-
tional sequences also may not accurately reflect current
neurological status. If treated promptly, most cats
recover rapidly with no or only mild residual neurologi-
cal deficits. Nonetheless, slow recovery over several
months may sometimes occur. Although seizures are a
common neurological sign, recurrence of seizures after
withdrawing the temporary use of AEDs is rare, even
when status epilepticus or cluster seizures present
initially.
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