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Abstract

Objectives The aim of this study was to describe the clinical picture in cats with alpha-chloralose (AC) intoxication
and to confirm AC in serum from suspected cases of AC poisoning.

Methods Suspected cases of AC poisoning were identified in patient records from a small animal university hospital
from January 2014 to February 2020. Clinical signs of intoxication described in respective records were compiled,
the cats were graded into four intoxication severity scores and hospitalisation time and mortality were recorded.
Surplus serum from select cases in late 2019 and early 2020 was analysed to detect AC with a quantitative ultra-
high performance liquid chromatography tandem mass spectrometry analysis, and the AC concentration was
compared with the respective cat’s intoxication severity score.

Results Serum from 25 cats was available for analysis and AC poisoning was confirmed in all. Additionally, 78
cats with a clinical suspicion of AC intoxication were identified in the patient records, most of which presented
from September to April. The most common signs of intoxication were ataxia, tremors, cranial nerve deficits and
hyperaesthesia. The prevalence of clinical signs and intoxication severity differed from what has previously been
reported, with our population presenting with less severe signs and no deaths due to intoxication. The majority had
a hospitalisation time <48h, irrespective of intoxication severity score.

Conclusions and relevance This study describes the clinical signs and prognosis in feline AC intoxication. There
were no mortalities in confirmed cases, indicating that AC-poisoned cats have an excellent prognosis when treated
in a timely manner. Recognition of AC intoxication as a differential diagnosis for acute onset of the described
neurological signs in areas where AC exposure is possible may influence clinical decision-making and help avoid
excessive diagnostic procedures. A severe clinical picture upon presentation could be misinterpreted as a grave
prognosis and awareness about AC poisoning may avoid unnecessary euthanasia.
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Introduction

Alpha-chloralose (AC) is a compound with both excit-
atory and depressive effects on the central nervous sys-
tem, in low and high doses, respectively. It is used as a
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rodenticide, avicide and as an anaesthetic for laboratory
animals.!"1? AC-based rodenticides are approved in many
countries and cause death by central nervous affection,
leading to an inability to maintain homeostasis.!? For out-
door pets, accidental poisoning is a risk in areas where
these products are used for pest control. Clinical signs of
AC intoxication in several species have previously been
reported,'-!! but publications on AC poisoning in com-
panion animals are scarce.!>15> AC intoxication in the clin-
ical setting is a presumptive diagnosis based on history,
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clinical signs and exclusion of other diseases with a simi-
lar presentation. Poisoning can be confirmed by demon-
strating AC or its metabolites in blood or urine;!611-1316
however, the availability of commercial tests has so far
been limited. As there is no antidote or otherwise specific
treatment for AC intoxication, treatment is supportive
and symptomatic, including monitoring and maintaining
a normal body temperature, minimising external stimuli
and, when indicated, anticonvulsants.15?

Following the approval of use of AC rodenticides in
Sweden in 2013, suspected cases of AC poisoning in out-
door cats have been anecdotally communicated within
the veterinary community. In the autumn of 2019, there
was a surge in suspected cases admitted to the University
Animal Hospital, Small Animal Clinic (UDS) at the
Swedish University of Agricultural Sciences in Uppsala
and other small animal hospitals and clinics across the
country. A collaboration between UDS and the Swedish
National Veterinary Institute was initiated, leading to the
development and validation of a novel quantitative ultra-
high performance liquid chromatography tandem mass
spectrometry (UHPLC-MS/MS) analysis for the detec-
tion of AC in feline blood.!®

The objectives of this study were to describe clini-
cal signs of feline AC poisoning, confirm intoxication
through chemical analysis of blood samples from admit-
ted cats and to investigate the association between the
severity of intoxication and AC serum concentrations.

Materials and methods
The UDS patient record database from January 2014 to
February 2020 was reviewed to identify suspected cases
of AC poisoning in client-owned cats presenting to the
emergency clinic. The database did not include AC intoxi-
cation as a specific diagnosis, and the search was based
on the following primary and/or secondary diagnoses:
unspecified poisoning; rodenticide poisoning; signs of
poisoning or intoxication; and signs of neurological dis-
ease. In most cases, the attending clinician had noted AC
intoxication as the main differential diagnosis. Cats were
included if the following criteria were fulfilled: (1) out-
door cat with possible exposure to AC according to his-
tory; (2) a clinical suspicion of AC intoxication; and (3)
the presence of at least two signs of AC intoxication from
a clinical case definition based on previous publications
on AC poisoning.!2912-15 Signs included coma; stupor;
somnolence; seizures; cranial nerve deficits, including
vision impairment; ataxia; tremor; hyperaesthesia; hypo-
thermia; bradycardia; bradypnoea or other respiratory
alteration; hypotension and behavioural changes (see
supplementary material for definitions of signs). Cats
were excluded if there was a history of trauma, no pos-
sible risk of exposure (ie, indoor cats) or a previous diag-
nosis of neurological disease.

For each cat, clinical signs of intoxication were noted as
either absent or present based on the patient record. Signs
noted by the caregiver were also included, regardless

of whether the sign was seen at presentation or during
stationary care. A score of the overall clinical severity
of intoxication was assigned to each cat and mortalities
were noted. Ambulatory cats with few or mild signs were
given scores of 1 or 2 and non-ambulatory cats with sev-
eral and/or more severe signs were scored as 3 or 4 (Table 1).
The identification of cases, documentation of signs and
scoring of each case was performed by one clinician.

Available surplus serum samples from 25 cats that
had presented from October 2019 to February 2020 were
analysed in order to detect AC. The cats were aged 5
months to 15 years (median 5 years). All but one (Maine
Coon mixed-breed) were domestic shorthair or domestic
longhair cats. Six cats were male castrated, seven male
entire, nine female spayed and three female entire. There
was no standardised treatment protocol, and treatment
was dependent on the attending clinician. All patients in
this group had been provided with supportive care with
intravenous crystalloid fluids, warming when hypother-
mic and reduction of external stimuli (ie, dark and silent
environment with minimal handling). Some patients had
also been given a constant rate infusion (CRI) of intralipid
(200 mg/ml; Fresenius Kabi) lipid emulsion to help bind
circulating toxins, and patients with seizures had been
treated with anticonvulsants as needed.

A novel validated UHPLC-MS/MS method with a
lowest detection limit of 30ng/ml was used.!® For each
cat, the association between serum concentration of
AC and intoxication severity score (1-4) was calculated
using Spearman’s correlation. The duration of hospitali-
sation for each cat was noted and the median and range

Table 1 Description of clinical signs with respect

to intoxication severity score assigned to cats with
suspected alpha-chloralose poisoning in 2014-2020
admitted to the University Animal Hospital, Small Animal
Clinic, Uppsala, Sweden

Clinical signs ~ Score  Definition
Ambulatory

Mild 1 Minor and/or fewer than four
clinical signs

Moderate 2 Moderate and/or more than
three clinical signs
Non-ambulatory

Severe 3 Severe and more than five
clinical signs except those
mentioned for score 4

Very severe 4 Severe and more than five

clinical signs, including coma,
seizures and apnoea. Also
including patients without coma,
seizures or apnoea, but with
severe affection of at least two
of the following: systolic blood
pressure (<80mmHg), heart
rate (<80 beats/min), respiratory
rate (<10 breaths/min) or body
temperature (<35°C)



e326

Journal of Feline Medicine and Surgery 24(10)

described for each severity score group. Outdoor cats
admitted to the clinic with (n=9) and without (n=10)
neurological signs but no clinical suspicion of AC poison-
ing were used as controls.

Results

A total of 103 cases were extracted from patient records
and 44 surplus serum samples from 25 cats with sus-
pected AC poisoning were available for chemical analy-
sis. AC was detected in all samples in a concentration
range of 386-17,500ng/ml and was not detected in any
of the 19 controls. All samples had been stored at —20°C
prior to analysis.

In the 25 confirmed cases, the most common clini-
cal signs were ataxia and tremor, described in all cats
(n=25). Cranial nerve deficits (mainly vision impair-
ment), hyperaesthesia, bradycardia, somnolence and
behavioural changes were all described in =60% of the
cases (Table 2). Median duration of hospitalisation was
24h (range 13-75) with no difference between severity
scores. All but one cat (severity score 4) were hospitalised
for <48h, and all cats survived to discharge.

With regard to intoxication severity scores, five cats
were scored as mild (1), five as moderate (2), 11 as severe
(3) and four as very severe (4). The intoxication sever-
ity score correlated with the detected AC concentration
(r=0.74; P <0.0001 [Figure 1]). When several samples
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Figure 1 The highest detected concentration of alpha-
chloralose (AC) in serum samples from 25 cats with AC
concentration plotted against intoxication severity scores
of 1-4 (r=0.74; P <0.0001)

from the same individual were analysed, the sample with
the highest AC concentration was used in the comparison.

Seventy-eight additional suspected cases were
extracted from the UDS patient medical record database.
With regard to intoxication severity, 15 were classified as
mild (1), 24 as moderate (2), 22 as severe (3) and 17 as very
severe (4). The prevalence of clinical signs was, overall,
in agreement with the confirmed cases of AC poisoning.
However, seizures were notably more common in this
group, with 22% of suspected case records noting seizures
vs 8% of confirmed cases (see Tables 2 and 3). There were
no mortalities due to poisoning; however, nine of the cats
in this group (11%) were euthanased at presentation, at
the owners’ request.

Table 2 Prevalence of clinical signs in 25 cats with
confirmed alpha-chloralose poisoning admitted to the
University Animal Hospital, Small Animal Clinic, Uppsala,
Sweden in October 2019 and February 2020

Table 3 Prevalence of clinical signs in 78 cats presenting
with suspected alpha-chloralose poisoning admitted to
University Animal Hospital, Small Animal Clinic, Uppsala,
Sweden, between January 2014 and February 2020
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Figure 2 Number of cats presenting annually to University
Animal Hospital, Small Animal Clinic, Uppsala, Sweden, with
suspected alpha-chloralose poisoning in 2014-2019

Of all cases (n=103), two presented in 2014, four in
2015, three in 2016, four in 2017, seven in 2018, 74 in 2019
(Figure 2) and nine in the first two months of 2020. In the
years 2014-2019, 84/94 cats (89%) were admitted from
September to April each year.

Discussion
The present study aimed to contribute to the knowledge
about AC intoxication in cats by describing the clinical
presentation of a large group of cats with suspected AC
poisoning admitted to a small animal university hospital.

AC poisoning was confirmed in 25 cats where blood
samples were available for chemical analysis. The prev-
alence of clinical signs differed somewhat from what
was previously reported by Segev et al,'> who reported
a series of AC intoxication in both dogs and cats. The
most common clinical signs observed by Segev et al in 13
cats were hypothermia, seizures, coma, hyperaesthesia,
miosis and tremor.!? The clinical presentation was over-
all more severe in the report by Segev et al,'? with 46%
of patients presenting comatose, and seizures noted in
54% of cats. This could reflect a difference in the defini-
tion of coma between studies. Clinically, severe hyper-
aesthesia may be very similar to partial seizures, with
an overlap in the appearance and interpretation of the
two, both between studies and between clinicians in the
present study. Furthermore, while Segev et al reported an
overall mortality of 15%, there were no mortalities in the
cats with confirmed AC poisoning in the present study.
Increasing public awareness about AC poisoning in cats
in Sweden in 2019 may have influenced caregivers to
seek veterinary care for cats with few or minor signs. This
may have decreased the mortality and severity of signs
of intoxication in this population as a result of receiving
supportive care early in the progression of intoxication.
However, the duration of hospitalisation in surviving cats
was similar between our study and that which has been
previously reported.!?

Bradycardia was not reported by Segev et al,'? but
was noted in 80% of our cats with confirmed poisoning.

Tremor and ataxia, which were noted in all our cats with
confirmed intoxication, was noted in 15% and 0%, respec-
tively, in the study by Segev et al.'>? At UDS, hypothermia
has been considered a very common sign of AC poison-
ing. When normal endothermia is impaired, the ambient
temperature will greatly influence body temperature. In
mice, ambient temperatures below 15.6°C were shown
to be associated with higher mortalities after AC bait
ingestion.!? As most cats in the present study presented
to the clinic in the colder months (September—April),
hypothermia is potentially a lethal consequence of poi-
soning. However, only 40% of confirmed cats presented
with hypothermia (ie, fewer than expected). In the report
by Segev et al, hypothermia was the most common sign
of intoxication, seen in 91% of the cats.!? It is possible that
the normothermic cats in the present study were admitted
prior to the development of hypothermia, and that it was
prevented by the supportive care provided. Regardless,
these findings illustrate the importance of not excluding
AC poisoning based on normothermia.

Cats are more sensitive to AC than both dogs and
humans, with a minimum lethal dose of 100mg/kg vs 600
1000mg/kg for dogs and >1000mg/kg for humans.?8?
Hanriot and Richet (1893, cited in Balis and Monroe)?
reported the LDj, for cats and dogs to be 400-600mg/kg
orally, but injecting as little as 40mg/kg could lead to
convulsions. In an experimental model, a 5mg/kg/h
CRI maintained a stable level of surgical anaesthesia.# To
our knowledge, there have been no publications on the
amount of intake, or AC serum concentration, where the
first signs of intoxication can be expected in cats.

In the present study, it was not possible to deter-
mine with certainty how the cats had been exposed to
AC. Several caregivers reported known baiting with AC
either on their own property or in the vicinity. Many
observed the onset of neurological signs shortly after the
cat had eaten a rodent. Ingested rodent carcasses were
occasionally detected radiographically in the stomach at
the time of presentation and one of the confirmed poi-
soned cats vomited a mouse carcass at the clinic. Many
bird species are also very sensitive to AC and secondary
poisoning through ingestion of intoxicated birds cannot
be excluded.’ Cats are also known dietary neophobes.
A pilot study on the use of AC as a poison for feral cat
control showed that the AC-containing bait palatability
was low, and the cats were very reluctant to eat it, even
when it contained low concentrations of AC."7 Cornwell
reported that cats did not eat AC bait, even when fasted
for 36h.8 This could indicate that the cats in the present
study were secondarily poisoned, rather than having
eaten bait directly. However, hazard analysis of AC deemed
the risk for secondary poisoning to mammal predators as
‘negligible’.!8 In summary, with the available data, it was
not possible to know how the cats were exposed to AC.

Owing to its retrospective nature there are weaknesses
in this study. Samples were obtained opportunistically,
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and blood sampling was performed at different points
in time in relation to the progression of intoxication. This
limitation likely influenced the measured concentra-
tions in each sample. Our data show a clear correlation
between clinical severity and AC concentration, which is
expected with a dose-dependent toxin. Some individual
differences between cats’ ability to metabolise and excrete
the toxin may however, influence the clinical severity in
relation to AC concentration. Although all signs of intoxi-
cation were registered, including those reliably reported
from the caretaker, the study was dependent on the
extent of the history-taking by the attending clinicians
upon admission, as well as during stationary care. As the
study population consisted of outdoor cats, some clinical
signs may also have gone unobserved by the caregiver.
Furthermore, the confirmed cases in this study were all
sampled in 2019 and 2020, when the clinical records gen-
erally included more detailed descriptions about which
signs were present or absent due to increased aware-
ness. Earlier records (2014-2018) are often less elaborate,
and some signs may therefore be under-reported in the
unconfirmed cases. As a direct, quantitative method of
AC detection was not used in the study by Segev et al,'?a
comparison between differences in blood concentrations
of AC —and its impact on the prevalence of clinical signs
and intoxication severity — was not possible.

In the present study, mortality and duration of hospi-
talisation was not dependent on the severity of clinical
signs, indicating that intoxication severity is not indica-
tive of prognosis. Our data suggest that cats with AC
poisoning will rarely succumb when given proper sup-
portive care in a timely manner.

Conclusions

This study provides a clinical description of AC intoxica-
tion in cats, describing 25 confirmed and 78 suspected
cases of AC poisoning. Cats with AC intoxication have
an excellent prognosis for complete recovery, providing
that supportive care is given in a timely manner. When
admitting an outdoor cat with acute onset of described
neurological signs, no history of trauma and possible AC
exposure, intoxication should be included in the list of
differential diagnoses. This may influence both clinical
decision-making, diagnostic work-up and client com-
munication. A severe clinical picture upon presentation
could be misinterpreted as a grave prognosis and both
clinical and client awareness about AC poisoning may
avoid unnecessary euthanasia.

Acknowledgements Preliminary results from this study
were communicated to the Swedish Chemicals Agency. We
would like to thank them for taking our data into considera-
tion, resulting in rapid action and a ban of layman use of AC
rodenticides in Sweden in December of 2019.1° Following the
ban, the number of cases decreased rapidly and substantially.

Supplementary material The following file is available
online:
Definitions of clinical signs.

Conflict of interest The authors declared no potential
conflicts of interest with respect to the research, authorship,
and/or publication of this article.

Funding The Swedish Environmental Protection Agency
and Djurvannernas Forening, Stockholm, funded the chemical
analyses in this study.

Ethical approval The work described in this manuscript
involved the use of non-experimental (owned or unowned)
animals. Established internationally recognised high standards
(‘best practice’) of veterinary clinical care for the individual
patient were always followed and/or this work involved the
use of cadavers. Ethical approval from a committee was there-
fore not specifically required for publication in JFMS. Although
not required, where ethical approval was still obtained, it is
stated in the manuscript.

Informed consent Informed consent (verbal or written)
was obtained from the owner or legal custodian of all animal(s)
described in this work (experimental or non-experimental
animals, including cadavers) for all procedure(s) undertaken
(prospective or retrospective studies). No animals or people are
identifiable within this publication, and therefore additional
informed consent for publication was not required.

ORCID iD Cecilia Tegner
4015-1228

https:/ /orcid.org/0000-0003-

References

1 Lees P and Pharm B. Pharmacology and toxicology of
alpha chloralose: a review. Vet Rec 1972; 91: 330-333.

2 Balis GU and Monroe RR. The pharmacology of chlora-
lose: a review. Psychopharmacologia 1964; 6: 1-30.

3 Holzgrefe HH, Everitt J]M and Wright EM. Alpha-chlora-
lose as a canine anesthetic. Lab Anim Sci 1987; 37: 587-595.

4 Kullmann FA, Wells GI, Langdale CL, et al. Stability of
the acetic acid-induced bladder irritation model in alpha
chloralose-anesthetized female cats. PLoS One 2013; 8:
€73771. DOI: 10.1371/journal.pone.0073771.

5 Thomas HM, Simpson D and Prescott LF. The toxic effect
of alpha-chloralose. Hum Toxicol 1988; 7: 285-287.

6 Gerace E, Ciccotelli V, Rapetti P, et al. Distribution of
chloralose in a fatal intoxication. | Anal Toxicol 2012; 36:
452-456.

7 Bergrath S, Ciccotelli V, Rapetti R, et al. Suspected seizure-
survival of a lethal dose of the rodenticide alpha-chlora-
lose. Anaesthesist 2019; 12: 843-844.

8 Cornwell PB. Alphakil: a new rodenticide for mouse con-
trol. Pharm | 1969; 202: 74-75.

9 McLeod L and Sauders G. Alpha-chloralose. In: Pesticides
used in the management of vertebrate pests in Australia:
a review. Orange, NSW: New South Wales Department of
Primary Industries, 2013.

10 Cornwell PB and Bull JO. Alphakil — a new rodenticide for
mouse control. Pest Control 1967; 35: 31-32.


https://orcid.org/0000-0003-4015-1228
https://orcid.org/0000-0003-4015-1228

Tegner et al

e329

11

12

13

14

15

16

Savin S, Cartigny B, Azaroual N, et al. 1H NMR spectros-
copy and GC-MS analysis of alpha-chloralose. Applica-
tion to two poisoning cases. | Anal Toxicol 2003; 27: 156-161.
Segev G, Yas-Natan E, Shlosberg, A, et al. Alpha-chlora-
lose poisoning in dogs and cats: a retrospective study of
33 canine and 13 feline confirmed cases. Vet | 2006; 172:
109-113.

Grau-Roma L, Stephens A, Wessmann A, et al. a-Chloralose
poisoning in a cat. Vet Rec Case Rep 2016; 4: e000313.
DOI:10.1136/ vetreccr-2016-000313.

Snow MK and Sheppard MT. Drug danger to domestic
pets. Vet Rec 1968; 82: 553.

Stopforth A. Narcotic effects of a rodenticide. Vet Rec 1970;
87:788.

Windahl U, Lundgren S, Sprycha M, et al. Development and
validation of a quantitative UHPLC-MS-MS method for the
determination of alpha-chloralose in feline blood and appli-
cation on blood samples collected from cats with symptoms

17

18

19

of alpha-chloralose poisoning. ] Anal Toxicol. Epub ahead of
print 6 August 2021. DOI: 10.1093 /jat/bkab087.

Morgan DR and Meikle L. Assessment of brodifacoum
and alphachloralose as toxins for feral cat control. In: Baits
and baiting strategies for multi-species pest control and
feral cats. Wellington: Department of Conservation, 1996,
pp 21-27.

Standing Committee on Biocidal Products. Directive 98/8/
EC concerning the placing biocidal products on the
market, alphachloralose product-type 14 (rodenticide).
https:/ /circabc.europa.eu/sd/a/0a566792-98a3-4b34-
8c6f-62bb51d23af8/ Alphachloralose_final%20AR.pdf
(2008, accessed June 7, 2022).

Swedish Chemicals Agency. Anvandningvillkoren skirps for
musmedel med alfakloralos. https://www .kemi.se/arkiv/
nyhetsarkiv/nyheter/2019-12-18-anvandningsvillkoren-
skarps-for-musmedel-med-alfakloralos (2019, accessed 17
September, 2021).


https://circabc.europa.eu/sd/a/0a566792-98a3-4b34-8c6f-62bb51d23af8/Alphachloralose_final%20AR.pdf
https://circabc.europa.eu/sd/a/0a566792-98a3-4b34-8c6f-62bb51d23af8/Alphachloralose_final%20AR.pdf
https://www.kemi.se/arkiv/nyhetsarkiv/nyheter/2019-12-18-anvandningsvillkoren-skarps-for-musmedel-med-alfakloralos
https://www.kemi.se/arkiv/nyhetsarkiv/nyheter/2019-12-18-anvandningsvillkoren-skarps-for-musmedel-med-alfakloralos
https://www.kemi.se/arkiv/nyhetsarkiv/nyheter/2019-12-18-anvandningsvillkoren-skarps-for-musmedel-med-alfakloralos

