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Abstract

Background and Aim: Ciguatera fish poisoning (CFP) is the most common form of seafood toxicosis reported in humans 
worldwide. Dogs and cats are also susceptible to CFP, but there is little published and much unknown about the condition in 
these species. This study aimed to document the demographics of canine and feline cases of CFP, to examine the temporal 
and spatial distribution of cases, and to compare the incidence of animal and human CFP in the Cook Islands.

Materials and Methods: Six years of medical records from the Esther Honey Foundation Animal Clinic (the only veterinary 
clinic in the Cook Islands during the study period) were reviewed to identify cases of CFP. The study variables included the 
date of presentation, species, age, sex, neutering status, and village/locality.

Results: A total of 246 cases of CFP were identified, comprising 165 dogs and 81 cats. The sexes were equally represented; 
however, within each sex, entire animals outnumbered those that had been desexed. Cases occurred year-round, with slightly 
higher numbers recorded in spring. Annual case numbers trended downward over the study period. Cases were documented 
in all regions of Rarotonga and also one outer island (Aitutaki). Fewer cases were seen in areas with a narrow (<200 m) 
fringing lagoon, compared with a wide (>400 m) lagoon.

Conclusion: This study documented epidemiologic patterns of canine and feline CFP cases for the first time. Based on the 
results, further investigation is warranted to establish whether desexing has a protective effect against CFP.

Keywords: cats, ciguatera, Cook Islands, demographics, dogs, epidemiology.

Introduction

Ciguatera fish poisoning (CFP) is a multisystem 
toxicosis that afflicts a number of species, including 
humans, dogs, and cats. Cases of canine and feline CFP 
have been described sporadically in literature [1-6]. The 
toxicosis has also been discussed in articles and books 
[7-13]. There were some early experimental studies 
conducted [14-19], but there have been no objective 
studies of the condition published since the 1980s.

CFP is caused by the ingestion of fish containing 
ciguatoxins. Fish are not inherently toxic but rather 
acquire toxicity through the food chain in coral reef 
ecosystems [20-22]. Bottom-dwelling dinoflagellates 
of the genus Gambierdiscus are the source of the CFP 
toxin [23,24]. Herbivorous fish become toxic after 
ingesting Gambierdiscus spp. [25,26]. Similarly, car-
nivorous fish become toxic after eating ciguatoxin 
containing herbivores [27].

CFP is a global phenomenon. Toxic Gambierdiscus 
spp. are found in warm waters of the Pacific, Indian and 
Atlantic Oceans, and the Caribbean Sea [28]. Human 

CFP occurs in a corresponding circumglobal belt 
between latitudes 35oN and 35oS [29]. It can be assumed 
that canine and feline CFP occurs throughout the same 
geographic region, however, to date, all of the published 
case reports [1-6], experimental studies [14-19], and 
general articles [7-13] have originated in the Pacific.

Within the endemic region, spatial and temporal 
patterns of Gambierdiscus spp. and ciguatoxin contain-
ing fish are difficult to predict. Because reef fish tend 
to stay within a defined home range, toxic food webs 
can exist in discrete areas. One reef can be affected 
while an adjacent site is “safe” [30,31]. This heteroge-
neous, site-specific distribution is further complicated 
by temporal fluctuations in Gambierdiscus abun-
dance and toxicity [32]. Areas previously “safe” may 
become ciguateric, and vice versa, as environmental 
factors impact on Gambierdiscus populations [31,33].

Risk factors for CFP have been studied in peo-
ple, but not in animals. On a population level, envi-
ronmental processes including reef disturbances and 
climate cycles are thought to influence the spatial 
and temporal occurrence of CFP [34-36]. On an indi-
vidual level, demographic characteristics such as low 
socioeconomic status, male gender, and age have been 
(inconsistently) associated with CFP in people [37-40]. 
Finally, there are vector related factors: The risk of tox-
icity is thought to be higher with certain types/species 
of fish, with certain parts of the fish (e.g., the viscera/
and head), and with larger portion sizes [40,41].
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This report is the first to examine the epidemio-
logic patterns of CFP in dogs and cats. There are no 
data currently available regarding the demographic 
characteristics of animals afflicted by CFP. The occur-
rence of CFP in dogs and cats has never been tracked 
over time. Spatial analysis of canine and feline CFP 
cases has never been attempted. Research into these 
topics is necessary to identify the risk factors for the 
toxicity and develop mitigation strategies.

This study aimed to document the demographics 
of canine and feline cases of CFP and to examine the 
temporal and spatial distribution of cases. A secondary 
objective was to compare the incidence of canine and 
feline CFP with the incidence of human CFP in the 
Cook Islands.
Materials and Methods

Ethical approval

This retrospective review of case records was 
deemed to not require ethics approval (Massey 
University).
Study site

The study was conducted in the Cook Islands, 
a country in which CFP is endemic in the human 
population [42]. Several articles evidence that CFP 
occurs in Cook Islands dogs and cats as well as their 
owners [3,4,7,9]. Cases for this study originated from 
the Esther Honey Foundation Animal Clinic, which 
provided the only veterinary service in the Cook 
Islands from 1995 to 2017.

Study design

This was a retrospective case series.
Case selection

The paper medical records of the Esther Honey 
Foundation Animal Clinic were searched for eligible 
cases. At the time of the study, handwritten records 
from 2011 onward were available for review. Cases 
presenting in the 6-year period March 2011-February 
2017 were considered for inclusion. Inclusion criteria 
were: (1) A presumptive diagnosis of CFP documented 
by the attending clinician; and (2) no other diagnosis 
established during the period of care.
Data collection

Eligible patient files were scanned to portable doc-
ument format and assigned a case identification number. 
Each patient file was searched to identify the variables of 
interest: Date of presentation, species, age, sex, neuter-
ing status, and village/locality. Data were collected using 
Epi-Info software (version 7.2.1.0, CDC, Atlanta, USA).

The age variable was assigned categorical values 
based on the following criteria:
•	 Juvenile:	 Age	 given	 as	 ≤12	 months	 or	 animal	

referred to as a puppy or kitten
•	 Adult:	Age	given	as	>12	months	and	<8	years	or	

animal referred to as an adult
•	 Senior:	Age	given	as	≥8	years	or	animal	referred	

to as senior, aged, or geriatric
•	 Unspecified:	Insufficient	detail	in	medical	record	

to classify the case as juvenile, adult, or senior.

Table-1: Study locations: Assignation of geographic sector, lagoon width, and wind exposure.

Village/locality Lagoon width1 Wind exposure2 Map reference (Figure-1)

Unspecified Not applicable Not applicable -
Aitutaki Not applicable Not applicable -
Aroa Wide Windward 1
Arorangi Intermediate Leeward 2
Atupa Narrow Leeward 3
Avana Wide Windward 4
Avarua Narrow Leeward 5
Avatiu Narrow Leeward 6
Betela Intermediate Leeward 7
Blackrock Intermediate Leeward 8
Kavera Intermediate Windward 9
Matavera Narrow Windward 10
Muri Wide Windward 11
Ngatangiia Wide Windward 12
Nikao Wide Leeward 13
Ruaau Narrow Leeward 14
Ruatonga Narrow Leeward 15
Rutaki Wide Windward 16
Takuvaine Narrow Leeward 17
Tikioki Wide Windward 18
Titikaveka Wide Windward 19
Tupapa Narrow Windward 20
Turangi Narrow Windward 21
Turoa Wide Windward 22
Tutakimoa Narrow Leeward 23
Vaimaanga Wide Windward 24
1Lagoon width measured in Google earth, classifications based on those of Rongo and van Woesik [35]: Lagoon width 
<200 m=Narrow; 200 m<lagoon width <400 m=Intermediate; lagoon width >400 m=Wide. 2Wind exposure based on 
the dominant south easterly wind direction [43] and consistent with that used by Rongo and van Woesik [35].
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For owned animals, locality was based on the 
animal’s place of residence.

For strays, locality was based on the place they 
were found.
Statistical analysis

Cases were automatically assigned lagoon width 
and wind exposure variables based on their locality 
(Table-1 and Figure-1) [35,43,44].

Descriptive statistics (frequency, mean, median, 
and range) were performed in Epi-Info.

Microsoft Excel was used to compare the tem-
poral incidence of canine and feline CFP with that of 
human CFP in the Cook Islands.
Results

Two hundred and forty-six cases with a pre-
sumptive diagnosis of CFP were identified from the 
6-year pool of medical records. These comprised of 
165 dogs and 81 cats.

Fifteen cases were excluded from the study. In 
these animals, CFP was listed initially as a differen-
tial, but alternate diagnoses were subsequently estab-
lished (Table-2).
Demographics

Dogs
Females accounted for 49.1% of CFP cases (n=81) 

and males 50.9% (n=84). Table-3 presents a breakdown 
of cases of by age, sex, and neutering status.

Cats
Females accounted for 53.1% of CFP cases 

(n=43), males accounted for 39.5% (n=32), and the 
gender of 7.4% of cats was unspecified (n=6). Table-4 
presents a breakdown of cases by age, sex, and neu-
tering status.

Temporal distribution

Figure-2 depicts the occurrence of cases over the 
6-year study period.

An average of 41 cases of CFP was identified 
each year (range 22-63). Table-5 details the annual 
number of cases by species and also the number of 
human cases reported by the Cook Islands Ministry 
of Health over the same period. A comparison of 
canine and feline annual case numbers is presented in 
Figure-3 and a comparison of animal versus human 
case numbers in Figure-4 [45].

Cases presented year-round, with a maximum 
of 12 cases seen in any 1 month. Case frequency by 
month is presented in Table-6. A breakdown of human 
CFP cases by month (as reported by the Cook Islands 
Ministry of Health) is included. A visual comparison 
is presented in Figure-5 [45-47].
Spatial distribution

Two hundred and twenty-three case records 
(90.6%) listed the animal’s village/district of origin. 
Twenty-four different localities around Rarotonga 
were specified, as well as one outer island (Aitutaki). 
The number of cases from each locality is reported in 
Table-7 and depicted in Figure-6 [44].

Further examination of case distribution was per-
formed by grouping localities by lagoon width and the 
prevailing wind exposure. These results are presented 
in Table-8. The relative size of the human population 
in each region is included for comparison [35,43,48].
Case clusters

Fifteen case clusters were identified, where multi-
ple animals from the same locality were affected at the 
same time. Five clusters involved cats and ten involved 
dogs. Details on each cluster are provided in Table-9.
Discussion

Study limitations

As a retrospective case series, this study has some 
inherent limitations. First, case file detail could not be 
standardized. Incomplete cases were still considered 
to contain potentially valuable information and were 
included in the study. Demographic variables (such as 

Figure-1: Rarotongan locations: Lagoon width and wind 
exposure. 1=Aroa, 2=Arorangi, 3=Atupa, 4=Avana, 
5=Avarua, 6=Avatiu, 7=Betela, 8=Blackrock, 9=Kavera, 
10=Matavera, 11=Muri, 12=Ngatangiia, 13=Nikao, 
14=Ruaau, 15=Ruatonga, 16=Rutaki, 17=Takuvaine, 
18=Tikioki, 19=Titikaveka, 20=Tupapa, 21=Turangi, 
22=Turoa, 23=Tutakimoa, 24=Vaimaanga. Satellite image 
sourced from NASA [44].

Table-2: Excluded cases: Final diagnoses.

Species Excluding diagnosis

Cat Aborting
Cat Abscess
Cat Chronic renal failure
Cat Delayed organophosphate poisoning
Cat Hemorrhagic gastroenteritis and shock
Cat Hypoglycemia
Cat Vestibular disease
Dog Arthritis/hip pain
Dog Arthritis/hip pain
Dog Gastroenteritis
Dog Intestinal parasitism
Dog Respiratory disease
Dog Respiratory disease/diaphragmatic hernia
Dog Spinal injury/disc prolapse
Dog Spinal injury/disc prolapse
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Figure-2: Cook Islands cases of canine and feline ciguatera fish poisoning (March 2011-February 2017).

Table-5: Number of ciguatera fish poisoning cases by year; comparison with Cook Islands human CFP case 
numbers [45].

Year presented Animal CFP cases Cook Islands human CFP cases

Canine cases Feline cases Total cases %

2011 341 141 481 19.5 102
2012 45 18 63 25.6 90
2013 26 12 38 15.5 90
2014 15 8 23 9.4 65
2015 29 21 50 20.3 41
2016 16 6 22 8.9 69
2017 02 22 22 0.8 No data
Total 165 81 246 100.0 457
1Data from only 10 months of 2011. 2Data from only 2 months of 2017, CFP=Ciguatera fish poisoning

Figure-3: Number of cases of ciguatera fish poisoning by 
year and species.

age and neutering status) were most frequently undoc-
umented, and the amount of missing data needs to be 
considered when interpreting the results. Second, the 
methodology is unlikely to have captured all true cases 
of CFP that occurred on Rarotonga during the study 
period. Misdiagnoses and missed diagnoses are both 
possible and would both introduce inaccuracy into the 
analyses. The spatial analysis could also be distorted, 
if cases originating close to the clinic (located on the 
northwest of Rarotonga) were more likely to be pre-
sented than those living on the other side of the island. 
Finally, this study is limited by a lack of available data 
on the source population. Incidence rates cannot be 
calculated, and objective analysis of demographic and 
geographic risk factors is also impossible.
Burden of disease

Two-hundred and forty-six cases were identified 
over the 6-year study period. This is more cases than 

have been documented in all previous case reports 
and experimental studies combined. The high num-
ber of cases may be a local anomaly. Recent literature 
does support the Cook Islands being a “hotspot” for 
ciguatera: The country had one of the highest annual 
incidence rates for human ciguatera in the Pacific 
(1998-2008), and lifetime prevalence rates in the res-
ident population have been estimated at 52% [35,42]. 
Alternatively, the frequency of CFP seen in this study 
might indicate that CFP is a lot more common in cats 
and dogs than the sparse literature base suggests. The 
countries with the highest incidence of human CFP 
are small island nations. These countries often have 
limited veterinary services and produce few (if any) 
veterinary publications [49]. It is conceivable that 
dogs and cats in these countries could be regularly, or 
at least not uncommonly, afflicted by CFP without the 
wider veterinary community being aware.

It should be noted that the number of cases in this 
study almost certainly under-represents the true bur-
den of disease. There are many mechanisms by which 
afflicted animals may have escaped the study popula-
tion. Mild illness may not have been observed or con-
sidered to require veterinary attention; owners may 
have lacked transportation or have preferred the use 
of traditional remedies; animals may have been strays 
or simply ignored by their owner. Owner finances 
should not have precluded case presentation, as the 
Esther Honey Foundation is a charitable organization 
and does not charge for veterinary care. Elucidating 
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the true burden of CFP in dogs and cats will require a 
well-designed cohort or cross-sectional investigation.
Demographics

Demographic analysis of the study population 
found an approximately equal gender distribution, 
with entire animals outnumbering the desexed and 
juvenile cases equaling or exceeding adult cases. This 
does not, however, necessarily indicate differences 

in gender- or age-specific incidence rates. A lack of 
demographic data on the source population precludes 
the calculation of relative risks.

Further investigation is warranted, particularly 
to determine whether desexing does have a protective 
effect against CFP. A difference in incidence rates is 
conceivable, if entire animals spend more time roam-
ing and scavenging, or if neutered animals are protected 
by a higher level of owner care and feeding. Human 
studies suggest that sex and youth are less likely to 
be risk factors for CFP. Regarding sex, reports have 
either found CFP to be gender independent [50,51] 
or have a slight bias toward males [37,39]. Glaziou 
and Martin [39] hypothesized that the latter situation 
is due to confounding (differences in fish consump-
tion habits) rather than a true gender predilection. 
Regarding age, data from human CFP cohorts indicate 
a low incidence in children, with adults aged 30-49 
being most frequently affected [38,39]1. The high inci-
dence of juvenile cases in this study is most likely an 
artifact caused by the amount of missing data for the 
1 Bagnis and Legrand [38] reported case distribution by age, 

when their data are adjusted for the population structure of 
French Polynesia in 1986 [52] incidence of CFP is highest in 
age groups 30-39 years and 40-49 years.

Figure-4: Number of cases of ciguatera fish poisoning by year: Comparison of animal cases and Cook Islands human [45] 
data.

Table-6: Canine and feline ciguatera fish poisoning cases by month; comparison with Cook Islands human CFP case 
numbers [45-47].

Month Animal CFP cases Cook Islands human CFP cases

2011-2017 cases (%) 2011-2016 cases (%) 1991-2016 cases (%)

January 17 (6.9) 41 (9.0) 485 (10.3)
February 21 (8.5) 45 (9.8) 522 (11.1)
March 20 (8.1) 36 (7.9) 456 (9.7)
April 16 (6.5) 45 (9.8) 428 (9.1)
May 20 (8.1) 20 (4.4) 397 (8.4)
June 17 (6.9) 27 (5.9) 292 (6.2)
July 18 (7.3) 35 (7.7) 286 (6.1)
August 25 (10.2) 31 (6.8) 334 (7.1)
September 28 (11.4) 41 (9.0) 356 (7.6)
October 27 (11.0) 41 (9.0) 434 (9.2)
November 20 (8.1) 56 (12.3) 429 (9.1)
December 17 (6.9) 39 (8.5) 290 (6.2)
Total 246 (100.0) 457 (100.0) 4709 (100.0

CFP=Ciguatera fish poisoning

Figure-5: Percentage of ciguatera fish poisoning cases 
by month: Comparison of animal cases and Cook Islands 
human [45, 46] data.
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age variable. Less than half of the medical records 
specified the patient’s age. Logically, juveniles would 
be over-represented in the subgroup of cases with age 
data, given that their age is more easily recalled by 
owners and/or identified by veterinarians.

Note that breed was not included as a demo-
graphic variable because almost all dogs on Rarotonga 
are cross-bred “island dogs”, and cats would be pre-
dominantly characterized as domestic short-hairs. In 
the absence of any discernible variation, breed was 
not considered a useful parameter.

Temporal distribution

This study documented high intermonth and 
interyear variation in CFP case numbers. Statistical 
testing of temporal trends was not attempted due to 
this high variability and the comparatively short study 
period.

Logically, the temporal incidence of CFP in dogs 
and cats should parallel human incidence rates, as 
all are exposed to ciguatoxins through the same food 
chain. The comparison of animal and human annual 
CFP case numbers (Figure-4) provides some support 
for this hypothesis. Linear trendlines for both groups 
showed a similar overall decline in CFP case num-
bers over the 6-years. The downward trend in CFP 
case numbers tallies with the work of Rongo and 
van Woesik [35,36]. They found CFP incidence on 
Rarotonga to be associated with positive phase of the 
Pacific Decadal Oscillation (PDO), El Niño events, 
and cyclone activity and predicted that shifting climate 
cycles would result in a decline in cyclone activity and 
CFP in the decade from 2010. Consistent with this pre-
diction, there were no cyclones in Rarotonga during 
the study period [53]. Favorable climate phases did 
occur in the later stages of the study: Positive PDO in 
2014-2017 [54] and strong El Niño in 2015-2016 [55]. 
However, as there is a lag period of 1-2 years before 
climate cycles influence CFP incidence [35,36], it is 
unsurprising that the overall trend in annual case num-
bers continued downward.

Similarities between animal and human CFP 
incidence were also found on a shorter time scale. 
Subjectively, it appears that both animal and human 
CFP case numbers are highest over spring/summer 
(Figure-5). CFP is generally described as non-sea-
sonal [31,33]. However, in those locations where sea-
sonality has been reported, the trend is for higher CFP 
incidence rates in the spring/summer [33,56]. No stud-
ies could be found that explicitly evaluate seasonal 
trends in human CFP in the Cook Islands, although 
monthly case numbers have been published by the 
Cook Islands Ministry of Health [46,47]. Further 
investigation is needed to establish if the incidence of 
CFP in the Cook Islands is truly seasonal.
Spatial distribution

The spatial distribution of CFP cases in this 
study was not subjected to statistical testing. Without 
data on the geographic distribution of the source pop-
ulation, differences in incidence between localities 
could too easily be confounded by differences in local 
population size. Particularly, as some of the localities 
were large districts (e.g., Arorangi), while others were 
small villages (e.g., Turoa). Two of the cases origi-
nated from Aitutaki, one of the outer islands. Of the 
other outer islands, Atiu, Mitiaro, Mauke, Mangaia, 
Pukapuka, and Manihiki have all had cases of human 
CFP [57]. The lack of animal cases from these islands 
is likely due to difficulty in accessing veterinary 
care, rather than a true absence of CFP in the animal 
populations.

Table-7: Location of ciguatera fish poisoning cases.

Locality Cases Percentage Map reference 
(Figure-6)

Arorangi 38 15.5 1
Tupapa 28 11.4 2
Nikao 25 10.2 3
Unspecified 23 9.4 -
Titikaveka 22 8.9 4
Matavera 10 4.1 5
Ngatangiia 10 4.1 6
Vaimaanga 10 4.1 7
Muri 9 3.7 8
Rutaki 9 3.7 9
Takuvaine 8 3.3 10
Turangi 8 3.3 11
Aroa 7 2.9 12
Avarua 5 2.0 13
Avatiu 5 2.0 14
Tutakimoa 5 2.0 15
Blackrock 4 1.6 16
Kavera 4 1.6 17
Ruaau 3 1.2 18
Tikioki 3 1.2 19
Aitutaki 2 0.8 -
Avana 2 0.8 20
Betela 2 0.8 21
Turoa 2 0.8 22
Atupa 1 0.4 23
Ruatonga 1 0.4 24
Total 246 100.0

Figure-6: Geographic distribution of cases of canine 
and feline ciguatera fish poisoning in Rarotonga (March 
2011-February 2017). Red circles indicate the approximate 
site of each locality; size of the circles is proportionate 
to the number of cases. Satellite image sourced from 
NASA [44].
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Table-8: Distribution of ciguatera fish poisoning cases by lagoon width and wind exposure; comparison with the resident 
human population.

Environmental criteria Animal CFP 
cases1

% animal 
cases1

% human 
population2

Census localities included2

Lagoon width3

Wide lagoon width >400 m 99 44.8 39.1 Nikao-Panama, Murienua, Titikaveka, 
Ngatangiia

Intermediate 200 m <lagoon 
width <400 m

48 21.7 18.1 Ruaau-Arerenga, Akaoa-Betela

Narrow lagoon width <200 m 74 33.5 42.9 KiiKii-Ooa-Pue, Tupapa-Maraerenga, Takuvaine, 
Tutakimoa-Teotue, Avatiu-Ruatonga-Atupa, 
Matavera

Wind exposure4

Windward 124 56.1 51.2 KiiKii-Ooa-Pue, Tupapa-Maraerenga, Murienua, 
Titikaveka, Ngatangiia, Matavera

Leeward 97 43.9 48.8 Takuvaine, Tutakimoa-Teotue, Avatiu-Ruatonga-
Atupa, Nikao-Panama, Ruaau-Arerenga, 
Akaoa-Betela

1Data relate to 221 Rarotongan CFP cases (excludes 2 cases from Aitutaki and 23 with no location details). 2Based on 
the 2011 census, figures for resident population [48]. 3Lagoon width measured in Google earth, classifications based 
on those of Rongo and van Woesik [35]. 4Wind exposure based on the dominant south easterly wind direction [43] and 
consistent with that used by Rongo and van Woesik [35]. CFP=Ciguatera fish poisoning

Table-9: Clusters of ciguatera fish poisoning cases.

Species 
involved

Number in 
cluster

Connection Location Dates of presentation (days ill)

Cats 2 Same village Tutakimoa April 18, 2013 (12)
April 18, 2013 (51)

Cats 2 Same household Vaimaanga August 24, 2013 (20)
August 31, 2013 (22)

Cats 3 Same household Ruaau September 7, 2015 (21)
September 9, 2015 (23)
September 14, 2015 (14)

Cats 2 Same household Betela September 12, 2015 (3)
September 12, 2015 (47)

Cats 2 Same household Rutaki February 26, 2017 (13)
February 26, 2017 (13)

Dogs 2 Littermates, same household Takuvaine June 28, 2011 (3)
June 28, 2011 (6)

Dogs 3 Littermates, same household Arorangi November 27, 2012 (2)
November 27, 2012 (2)
November 27, 2012 (12)

Dogs 2 Littermates, same household Titikaveka August 19, 2012 (2)
August 19, 2012 (4)

Dogs 2 Same village Vaimaanga July 20, 2012 (7)
July 21, 2012 (46)

Dogs 2 Same household Arorangi November 30, 2012 (5)
November 30, 2012 (8)

Dogs 4 Littermates, same household Tupapa October 4, 2011 (5)
October 4, 2011 (5)
October 5, 2011 (2)
October 5, 2011 (2)

Dogs 4 Same household Kavera September 21, 2015 (21)
September 28, 2015 (10)
September 30, 2015 (12)
September 30, 2015 (23)

Dogs 4 Same household Turangi August 8, 2015 (3)
August 8, 2015 (8)
August 8, 2015 (24)
August 8, 2015 (51)

Dogs 2 Same household Turangi March 13, 2016 (6)
March 14, 2016 (11)

Dogs 2 Same household Titikaveka May 7, 2016 (22)
May 10, 2016 (14)
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Given the limitations posed by a lack of data on the 
source population, a comparison of the spatial distribu-
tion of the human population and of animal CFP cases 
was performed (Table-8). Assuming that pet ownership 
rates are relatively uniform across the population, human 
population data could provide a surrogate measure of the 
geographic distribution of Rarotongan dogs and cats. The 
comparison suggests a relative paucity of CFP cases from 
localities with a narrow lagoon and from the leeward side 
of the island. These findings are plausible. In their sur-
vey of human CFP in the Cook Islands, Rongo and van 
Woesik [35] also found that areas where the lagoon is nar-
row had significantly fewer cases than areas with a wide 
lagoon. Although the same study found no significant 
differences between leeward and windward locations, 
wind exposure has been suggested by some as a risk fac-
tor for CFP [33,58]. In contrast, other studies have found 
Gambierdiscus spp. favor sheltered waters [21].

A weakness of this analysis (and indeed any geo-
graphic analyses of animal cases) is the risk that the 
ciguateric fish originated in a different locality to the 
animal. It is probable that in many cases, the fish were 
caught or bought elsewhere and transported home by 
the owner. This could confound attempts to associate 
environmental features of an animal’s location with 
the risk of ciguatera in the marine food chain.
Conclusion

This article documented the demographics of ani-
mals afflicted by CFP in the Cook Islands and examined 
the temporal and spatial distribution of cases. The demo-
graphic results suggest a possible association between 
neutering status and CFP incidence. The temporal analy-
sis found that the annual incidence was stable or declining 
over the study period, an observation that correlates with 
local reports of human CFP incidence. Case location data 
suggested a link between CFP incidence and geographic 
factors including lagoon width and wind exposure.

The epidemiologic patterns identified in this 
study need to be substantiated before any definite con-
clusions can be drawn. This will require the collection 
of demographic data on the canine and feline popula-
tions of Rarotonga through a census or cross-sectional 
survey. Comparisons could then be made between 
cases and non-cases to determine which variables are 
truly associated with CFP occurrence.
Author’s Contributions

MJG	was	 responsible	 for	 all	 parts	of	 this	proj-
ect. The manuscript was written, edited, read, and 
approved by the author.
Acknowledgments

The research was conducted in partial fulfill-
ment of the requirements of a Master of Veterinary 
Medicine at Massey University, under the supervision 
of Dr. Kathy Parton. Thanks go to the Esther Honey 
Foundation (Cook Islands) for granting access to 
their medical records and permitting the use of the 

data contained therein and also to Eriko Prior for her 
Japanese	translations.	This	study	did	not	receive	any	
funding.
Competing Interests

The author declares that she has no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published map and institu-
tional affiliation.
References

1. Anonymous. (1987) Small animals- ciguatoxin and ciguat-
era toxicity. Aust. Vet. Pract., 17(4): 220.

2. Clark, L. and Whitwell, G.B. (1968) Ciguatera poisoning in 
cats in Brisbane. Aust. Vet. J., 44(2): 81.

3.	 Kemppainen,	B.,	Avgeris,	S.	 and	 Jones,	 J.B.	 (2004)	Field	
cases of feline ciguatera. Compend. Contin. Educ. Pract. 
Vet., 26(2 ): 132-135.

4. Losacker, W. (1992) Ciguatera fish poisoning in the Cook 
Islands. SPC Ciguatera Inf. Bull., 2( ): 421-422.

5.	 Newman,	A.J.	(1970)	A	nervous	syndrome	in	dogs	respond-
ing to treatment with thiamine. N. Z. Vet. J., 18(1-2): 19.

6.	 Tonge,	J.I.,	Battey,	Y.	and	Forbes,	J.J.	(1967)	Ciguatera	poi-
soning: A report of two outbreaks and a probable fatal case 
in Queensland. Med. J. Aust., 2(24): 1088-1090.

7.	 Cohen,	H.Y.	(2015)	Volunteering	in	paradise.	Vet. Nurs. J., 
22(10): 32-33.

8. Dalefield, R. (2017) Gambierdiscus toxicus. In: Veterinary 
Toxicology for Australia and New Zealand. Elsevier, 
Masterton, New Zealand. p443-484.

9. Forster, D. (2009) Problematic pacific poisonings. Vet. 
Times, 39(26): 34-27.

10. Fowler, M.E. (2018) Marine zootoxins. In: Veterinary 
Zootoxicology. Ch. 3. CRC Press, Boca Raton. p19-37.

11.	 Lewis,	R.J.	(1987)	Ciguatera	(Fish	Poisoning)	with	Special	
Reference to Cats. Proceedings No. 103 Veterinary Clinical 
Toxicology, Post Graduate Committee in Veterinary 
Science. University of Sydney, Sydney. p59-61.

12. McPherson, C. (1998) Ciguatoxin and tetrodotoxin poison-
ings in the cat: Their diagnosis, treatment and management. 
Aust. Vet. Pract., 28(1): 26-35.

13. Seawright, A.A. (1982) Part 5: Miscellaneous toxicities 
and toxicants: Ciguatera poisoning. In: Animal Health 
in Australia. Vol. 2. Australian Government Publishing 
Service, Canberra. p263-264.

14. Bagnis, R. and Fevai, G. (1971) La ciguatera feline exper-
imentale a Tahiti. [Ciguatera-feline experiments in Tahiti]. 
Rev. Med. Vet., 122(6): 629-638.

15.	 Bagnis,	 R.,	 Chanteau,	 S.,	 Chengue,	 E.,	 Drollet,	 J.H.,	
Lechat,	 I.,	 Legrand,	A.,	 Pompon,	A.,	 Prieur,	 C.,	 Roux,	 J.	
and Tetaria, C. (1985) Comparison of the Cat Bioassay, 
the Mouse Bioassay, and the Mosquito Bioassay to Detect 
Ciguatoxicity in Fish. Proceedings of the Fifth Internation 
Coral Reef Congress, Tahiti. p491-496.

16. Hessel, D.W., Halstead, B.W. and Peckham, N.H. (1960) 
Marine biotoxins I. Ciguatera poisoning: Some biological 
and chemical aspects. Ann. N. Y. Acad. Sci., 90(3 ): 788-797.

17.	 Kawakubo,	Y.	and	Kikuchi,	K.	(1942)	Testing	fish	poisons	
on animals and report of a human case of fish poisoning in 
the South Seas. J. Med. Sci., 31(8): 30-35.

18.	 Legrand,	 A.,	 Rentler,	 J.F.	 and	 Bagnis,	 R.	 (1979)	
Ciguatera- effets cardiques chez le cat et le rat intoxiques 
experimentalement. [Ciguatera cardiac effects of experi-
mental intoxication on cat and rat]. Rev. Med. Vet., 130(12): 
1659-1667.

19. Legrand, A., Lotte, C. and Bagnis, R. (1985) Respiratory and 



Veterinary World, EISSN: 2231-0916 19

Available at www.veterinaryworld.org/Vol.13/January-2020/2.pdf

Cardiovascular Effects of Ciguatoxin in Cats: Antagonistic 
Action of Hexamethonium, Atropine, Propanolol, 
Phentolamine,	 Yohimbine,	 Prazosin,	 Verapamil,	 Calcium	
and Lidocaine. Proceedings of the Fifth Internation Coral 
Reef Congress, Tahiti. p463-466.

20.	 Ikehara,	 T.,	 Kuniyoshi,	 K.,	 Oshiro,	 N.	 and	Yasumoto,	 T.	
(2017) Biooxidation of ciguatoxins leads to species-specific 
toxin profiles. Toxins (Basel), 9(7): E205.

21.	 Xu,	Y.,	Richlen,	M.L.,	Morton,	S.L.,	Mak,	L.Y.,	Chan,	L.L.,	
Tekiau, A. and Anderson, D.M. (2014) Distribution, abun-
dance and diversity of Gambierdiscus spp. from a ciguat-
era-endemic area in Marakei, Republic of Kiribati. Harmful 
Algae, 34 : 56-68.

22.	 Yasumoto,	 T.,	 Nakajima,	 I.,	 Bagnis,	 R.	 and	 Adachi,	 R.	
(1977) Finding of a dinoflagellate as a likely culprit of cig-
uatera. Nippon Suisan Gakkaishi, 43(8): 1021-1026.

23. Friedman, M.A., Fernandez, M., Backer, L., Dickey, R., 
Bernstein,	 J.,	 Schrank,	 K.,	 Kibler,	 S.,	 Stephan,	 W.,	
Gribble, M., Bienfang, P., Bowen, R., Degrasse, S., Flores, 
Quintana, H., Loeffler, C., Weisman, R., Blythe, D., 
Berdalet, E., Ayyar, R., Clarkson-Townsend, D., 
Swajian, K., Benner, R., Brewer, T.D. and Fleming, L.E. 
(2017) An updated review of ciguatera fish poisoning: 
Clinical, epidemiological, environmental, and public health 
management. Mar. Drugs, 15(3): 72.

24. Munday, R., Murray, S., Rhodes, L.L., Larsson, M.E. and 
Harwood, D.T. (2017) Ciguatoxins and maitotoxins in 
extracts of sixteen Gambierdiscus isolates and one fukuyoa 
isolate from the South Pacific and their toxicity to mice by 
intraperitoneal and oral administration. Mar. Drugs, 15(7): 
E208.

25.	 Clausing,	R.J.,	Losen,	B.,	Oberhaensli,	F.R.,	Darius,	H.T.,	
Sibat, M., Hess, P., Swarzenski, P.W., Chinain, M. and 
Bottein,	M.Y.D.	 (2018)	 Experimental	 evidence	 of	 dietary	
ciguatoxin accumulation in an herbivorous coral reef fish. 
Aquat. Toxicol., 200 : 257-265.

26.	 Ledreux,	A.,	 Brand,	 H.,	 Chinain,	M.,	 Dechraoui,	M.Y.B.	
and	Ramsdell,	 J.S.	 (2014)	Dynamics	 of	 ciguatoxins	 from	
Gambierdiscus polynesiensis in the benthic herbivore Mugil 
cephalus: Trophic transfer implications. Harmful Algae, 39 : 
165-174.

27. Helfrich, P. and Banner, A.H. (1963) Experimental induc-
tion of ciguatoxicity in fish through diet. Nature, 197(4871): 
1025-1026.

28.	 Xu,	Y.,	Richlen,	M.L.,	Liefer,	J.D.,	Robertson,	A.,	Kulis,	D.,	
Smith, T.B., Parsons, M.L. and Anderson, D.M. (2016) 
Influence of environmental variables on Gambierdiscus 
spp. (Dinophyceae) growth and distribution. PLoS One, 
11(4): E0153197.

29.	 Zlateva,	 S.,	 Marinov,	 P.,	 Yovcheva,	 M.,	 Bonchev,	 G.,	
Ivanov, D. and Georgiev, K. (2017) Ciguatera poisoning: 
Pacific disease, foodborne poisoning from fish in warm seas 
and oceans. Review. J. IMAB, 23(1): 1474-1479.

30.	 Chan,	 W.H.,	 Mak,	 Y.L.,	 Wu,	 J.J.,	 Jin,	 L.,	 Sit,	 W.H.,	
Lam,	J.C.W.,	de	Mitcheson,	S.,	Chan,	L.L.,	Lam,	P.K.S.	and	
Murphy, M.B. (2011) Spatial distribution of ciguateric fish 
in the Republic of Kiribati. Chemosphere, 84(1): 117-123.

31.	 Randall,	J.E.	(1958)	A	review	of	ciguatera,	tropical	fish	poi-
soning, with a tentative explanation of its cause. Bull. Mar. 
Sci. Gulf Carribean, 8(3): 236-267.

32. Chinain, M., Germain, M., Deparis, X., Pauillac, S. and 
Legrand, A. (1999) Seasonal abundance and toxicity of the 
dinoflagellate Gambierdiscus spp. (Dinophyceae), the caus-
ative agent of ciguatera in Tahiti, French Polynesia. Mar. 
Biol., 135(2): 259-267.

33.	 Lehane,	 L.	 and	 Lewis,	 R.J.	 (2000)	 Ciguatera:	 Recent	
advances but the risk remains. Int. J. Food Microbiol., 
61(2-3): 91-125.

34. Hales, S., Weinstein, P. and Woodward, A. (1999) Ciguatera 
(fish poisoning), El Niño, and Pacific Sea surface tempera-
tures. Ecosyst. Health, 5(1): 20-25.

35. Rongo, T. and van Woesik, R. (2011) Ciguatera poisoning in 

Rarotonga, Southern Cook Islands. Harmful Algae, 10(4): 
345-355.

36. Rongo, T. and van Woesik, R. (2013) The effects of natural 
disturbances, reef state, and herbivorous fish densities on 
ciguatera poisoning in Rarotonga, Southern Cook Islands. 
Toxicon, 64 : 87-95.

37. Bagnis, R., Kuberski, T. and Laugier, S. (1979) South 
pacific commission project on fish poisoning B. clinical 
observations on 3009 cases of ciguatera fish poisoning. SPC 
Fish. Newsl., 19 : 20-22.

38. Bagnis, R. and Legrand, A. (1987) Clinical Features on 
12,890 Cases of Ciguatera (fish Poisoning) in French 
Polynesia. The First Asia-Pacific Congress on Animal, 
Plant and Microbial Toxins, Singapore. p372-385.

39. Glaziou, P. and Martin, P.M.V. (1993) Study of factors that 
influence the clinical response to ciguatera fish poisoning. 
Toxicon, 31(9): 1151-1154.

40. Radke, E.G. (2013) Incidence and Risk Factors of Ciguatera 
Fish Poisoning in the Caribbean and Florida. University of 
Florida, Florida.

41. Friedman, M.A., Fleming, L.E., Fernandez, M., Bienfang, P., 
Schrank,	K.,	Dickey,	R.,	Bottein,	M.Y.,	Backer,	L.,	Ayyar,	R.,	
Weisman, R., Watkins, S., Granade, R. and Reich, A. (2008) 
Ciguatera fish poisoning: Treatment, prevention and man-
agement. Mar. Drugs, 6(3): 456-479.

42.	 Skinner,	M.P.,	Brewer,	T.D.,	 Johnstone,	R.,	Fleming,	L.E.	
and	Lewis,	R.J.	(2011)	Ciguatera	fish	poisoning	in	the	pacific	
islands (1998 to 2008). PLoS Negl. Trop. Dis., 5(12): 1-7.

43. Windfinder. (2017) Wind and Weather Statistics Rarotonga 
Airport. Available from: https://www.windfinder.com/
windstatistics/rarotonga_airport. Accessed on 22-11-2017.

44. NASA. (2017) Satellite Image of Rarotonga, Cook Islands 
(Public Domain). Available from: https://www.upload.wiki-
media.org/wikipedia/commons/8/8f/Rarotonga_Island.jpg. 
Accessed on 20-11-2017.

45. Rarotonga Hospital Health Information Unit. (2017) 
National Health Information Bulletin 2016. Cook Islands 
Ministry of Health, Rarotonga, Cook Islands.

46. Rarotonga Hospital Medical Records Unit. (2010) Annual 
Statistical Bulletin. Cook Islands Ministry of Health, 
Rarotonga, Cook Islands.

47. Rarotonga Hospital Health Information Unit. (2016) 
National Health Information Bulletin. Cook Islands 
Ministry of Health, Rarotonga, Cook Islands.

48. Cook Islands Statistics Office. (2012) Cook Islands 
Population Census 2011. Cook Islands Ministry of Finance 
and Economic Management, Rarotonga, Cook Islands.

49. Christopher, M.M. and Marusic, A. (2013) Geographic 
trends in research output and citations in veterinary medi-
cine: Insight into global research capacity, species special-
ization, and interdisciplinary relationships. BMC Vet. Res., 
9(1): 115.

50. Baumann, F., Bourrat, M.B. and Pauillac, S. (2010) 
Prevalence, symptoms and chronicity of ciguatera in New 
Caledonia: Results from an adult population survey con-
ducted in Noumea during 2005. Toxicon, 56(5): 662-667.

51.	 Radke,	 E.G.,	 Reich,	 A.	 and	 Morris,	 J.G.	 (2015)	
Epidemiology of ciguatera in Florida. Am. J. Trop. Med. 
Hyg., 93(2): 425-432.

52.	 International	Data	Base.	(2017)	1986	Mid-Year	Population	
by	 5-Year	 Age	 Groups	 and	 Sex	 French	 Polynesia.	
Available from: https://www.census.gov/population/inter-
national/data/idb/region.php?N=results&T=10&A=sep-
arate&RT=0&Y=1986&R=-1&C=FP.	 Accessed	 on	
04-12-2017.

53. Australian Bureau of Meterology. (2017) Southern 
Hemisphere Tropical Cyclone Data Portal. Cyclone tracks 
within 50km of Rarotonga, 2000-2016. Available from: 
http://www.bom.gov.au/cyclone/history/tracks/index.shtml. 
Accessed on 30-09-2017.

54.	 Japan	 Metereological	 Agency.	 (2017)	 Pacific	 Decadal	
Oscillation (PDO) Index. Available from: http://www.



Veterinary World, EISSN: 2231-0916 20

Available at www.veterinaryworld.org/Vol.13/January-2020/2.pdf

ds.data.jma.go.jp/tcc/tcc/products/elnino/decadal/pdo.html. 
Accessed on 30-09-2017.

55. Golden Gate Weather Services. (2017) El Niño and La 
Niña	 Years	 and	 Intensities.	 Available	 from:	 http://www.
ggweather.com/enso/oni.htm. Accessed on 30-09-2017.

56. Chateau-Degat, M.L., Dewailly, É., Cerf, N., Nguyen, N.L., 
Huin-Blondey, M.O., Hubert, B., Laudon, F. and Chansin, R. 
(2007) Temporal trends and epidemiological aspects of 

ciguatera in French Polynesia: A 10-year analysis. Trop. 
Med. Int. Health., 12(4): 485-492.

57. Rarotonga Hospital Medical Records Unit. (2005) Annual 
Statistical Bulletin. Cook Islands Ministry of Health, 
Rarotonga, Cook Islands.

58.	 Kaly,	 U.L.,	 Jones,	 G.P.	 and	 Tricklebank,	 K.	 (1991)	
Preliminary assessment of a severe outbreak of ciguatera at 
Niutao, Tuvalu. South Pac. J. Nat. Sci., 11 : 62-81.

********


