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Abstract

Ciguatera fish poisoning is common in tropical 
and sub-tropical areas and larger fish (> 10 kg) 
are more susceptible to toxin accumulation with 
age. Although the coastal climate of northern 
New South Wales is considered sub-tropical, prior 
to 2014 there has only been 1 documented out-
break of ciguatera fish poisoning from fish caught 
in the region. During February and March 2014, 
2 outbreaks of ciguatera fish poisoning involved 
4 and 9 individuals, respectively, both following 
consumption of Spanish mackerel from northern 
New South Wales coastal waters (Evans Head 
and Scotts Head). Affected individuals suffered a 
combination of gastrointestinal and neurological 
symptoms requiring hospital treatment. At least 
1 individual was symptomatic up to 7 months later. 
Liquid chromatography-tandem mass spectrom-
etry detected the compound Pacific ciguatoxin-1B 
at levels up to 1.0 µg kg–1 in fish tissue from both 
outbreaks. During April 2015, another outbreak 
of ciguatera fish poisoning was reported in 4 indi-
viduals. The fish implicated in the outbreak was 
caught further south than the 2014 outbreaks 
(South West Rocks). Fish tissue was unavailable for 
analysis; however, symptoms were consistent with 
ciguatera fish poisoning. To our knowledge, these 
cases are the southernmost confirmed sources of 
ciguatera fish poisoning in Australia. Educational 
outreach to the fishing community, in particular 
recreational fishers was undertaken after the Evans 
Head outbreak. This highlighted the outbreak, 
species of fish involved and the range of symptoms 
associated with ciguatera fish poisoning. Further 
assessment of the potential for ciguatoxins to occur 
in previously unaffected locations need to be con-
sidered in terms of food safety. Commun Dis Intell 
2016;40(1):E1–E6.
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Introduction

Although it is a significantly under-reported food-
borne illness,1–4 ciguatera fish poisoning (CFP) is 
the most common non-bacterial seafood related ill-
ness worldwide.5 Ciguatoxin and related chemical 
compounds (CTXs) are naturally occurring. The 
toxins are produced by marine micro-algal species 
within the dinoflagellate genus Gambierdiscus.6 
Accumulation of CTXs in the marine food chain 
typically result from herbivorous fish grazing on 
the toxin-producing micro algae, which are in 
turn preyed upon by larger carnivorous fish.7,8 The 
toxins are metabolised to more toxic forms as they 
move up the food chain.9,10

As with other micro-algal biotoxins, the visual 
appearance, taste or odours of fish are not affected 
by the presence of CTXs.11 There is no process that 
will remove CTXs from fish prior to consumption, 
and cooking or freezing the fish will not destroy the 
toxins. Fatalities from CFP are rare.2,12 However, 
documented symptoms are wide-ranging and a 
combination of gastrointestinal, neurological and 
cardiovascular effects can occur.1,13 Regional dif-
ferences are apparent in reported CFP outbreaks 
and specific symptoms will depend on the portion 
size and what part of the fish was consumed, along 
with the age and wellbeing of the consumer.3,10 
Gastrointestinal indicators include but are not lim-
ited to nausea, vomiting, diarrhoea and stomach 
cramps while neurological features associated with 
CFP can involve tingling and numbness in fin-
gers, toes, around lips, tongue, mouth and throat, 
burning sensation or skin pain on contact with 
cold water, joint and muscle pains with muscular 
weakness.3,10 The most characteristic neurological 
symptom of CFP is that of temperature dysesthe-
sia, although it is not reported in all cases.3 The 
onset of the illness is usually within 24 hours of 
exposure and symptoms generally last 1–4 days but 
can persist for weeks or months, and in extreme 
cases years.14–16 Symptoms can be exacerbated, or 
individuals may suffer a relapse, by drinking alco-
hol.1,17,18 Such a wide array of symptoms, combined 
with a lack of awareness of CFP, contributes to the 
infrequent reporting of illness. There is consider-
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able overlap of symptoms with other seafood ill-
ness (e.g. diarrhetic shellfish poisoning, paralytic 
shellfish poisoning caused by algal biotoxins or 
histamine contamination), while the chronic 
effects of CFP have similar clinical manifestations 
as chronic fatigue syndrome, brain tumours or 
multiple sclerosis.3,19

In Australia, the majority of CFP outbreaks have 
resulted from the consumption of fish caught in 
Queensland and the Northern Territory waters, 
with the majority of documented cases involving 
Spanish mackerel.2,20,21 Cases reported from other 
Australian states have been linked to imported fish 
from warm-water tropical regions in Australia or 
internationally.22,23 Prior to the 2014 outbreaks, a 
CFP outbreak was linked to 2 Spanish mackerel 
caught from northern New South Wales waters 
(Brunswick Heads) in 2002.24 Investigations into 
suspected CFP outbreaks in New South Wales 
by the NSW Food Authority in 2005 and 2009 
were linked to fish originating from Fiji and 
Queensland, respectively (NSW Food Authority, 
unpublished data).

Methods

Case investigations

The NSW Ministry of Health (NSW Health) and 
NSW Food Authority officers investigated all cases 
where individuals had consumed the suspected 
fish meals and suffered illness. The specifics of 
neurological and gastrointestinal symptoms were 
documented and fish samples were collected, 
where available.

These outbreak investigations were conducted 
under the NSW Public Health Act 2010 and thus 
ethics approval was not required.

Toxin analysis

The 2 Spanish mackerel involved in the Evans 
Head case had a combined total weight of 27.8 kg. 
Although individual weights were not avail-
able, following consultation with the restaurant 
manager by New South Wales Food Authority 
officers, it was established that the 2 fish weighed 
approximately 17 kg and 10 kg. Three fish fillets 
(~1 kg each) were collected but it was not possible 
to distinguish which fillets were derived from the 
larger (17 kg) fish.

A single large flesh fillet (~2 kg) was collected fol-
lowing the reported illnesses at Scotts Head. Fish 
samples from South West Rocks (2015 outbreak) 
were unavailable for toxin analysis.

Toxin analysis was carried out at the Cawthron 
Institute, New Zealand. This analytical laboratory 
has ISO 17025 accreditation across a wide scope of 
disciplines including food chemistry, microbiology 
and natural toxins. Samples were frozen (–20°C) 
prior to shipping on ice. Samples arrived frozen 
and were stored at –20°C prior to analysis.

All available Spanish mackerel fish fillet samples 
were screened for the presence of Pacific cigua-
toxin-1B (P-CTX-1B) using a liquid chromatogra-
phy tandem mass spectrometry method developed 
in-house at the Cawthron Institute and purified 
P-CTX-1B standard gifted by Dr Mireille Chinain 
(Institut Louis Malardé, French Polynesia). A 
manuscript detailing the performance of the meth-
odology is under preparation. Sample extraction 
followed the procedure described by Lewis et al.25 
The limit of detection of the analysis was 0.1 µg 
kg–1 P-CTX-1B. To assess toxin recovery, which 
may be adversely affected by the sample extraction 
procedure or by sample co-extractives, an aliquot of 
one of the fish extracts was fortified with a known 
quantity of P-CTX-1B at a level of 0.2 µg kg–1.

Results

Description of outbreaks

Outbreak 1: Evans Head (~29° 06’ S)

On 13 February 2014 the NSW Food Authority 
received notification from NSW Health of 4 pos-
sible CFP cases. The cases were recognised by a 
local general practitioner and were later reported 
by a local hospital. Each case had suffered symp-
toms of myalgia, headaches, tingles and a burning 
sensation when touching something cold. One 
individual also experienced vomiting, nausea, 
diarrhoea bradycardia and hypotension, and was 
admitted to hospital for 2 days. This individual 
continued to suffer from neurological symptoms 
approximately 7 months later.26

All cases were employees of a local restaurant and 
had reported eating Spanish mackerel, 3–4 hours 
prior to suffering symptoms. The restaurant owner 
was contacted immediately. The owner advised 
he had purchased 2 Spanish mackerel with indi-
vidual weights of approximately 10 kg and 17 kg. 
The fish had been caught off Chaos Reef, near 
Evans Head (Figure). A chef prepared the fish 
into fillets for intended sale to bistro customers. 
However, none of the fish had been sold to cus-
tomers. Some of the trimmings were used to make 
fish cakes for the staff, which were eaten for lunch 
on 13 February 2014 by 7 staff members including 
the chef. A third smaller (3.8 kg) Spanish mackerel 
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from the same catch, purchased by a different 
seafood retail outlet, was removed from sale and 
destroyed following the outbreak.

Outbreak 2: Scotts Head (~30° 45’ S)

On 3 March 2014, NSW Health notified the NSW 
Food Authority of 9 people who had presented to 
local hospital emergency departments with sus-
pected CFP. A recreational fisherman had caught a 
25.7 kg Spanish mackerel off Scotts Head (Figure) 
on Sunday 2 March 2014. The fisherman shared the 
mackerel between himself and 3 family members 

and gave half of the mackerel to a friend. His friend 
did not eat the fish, but gave his share to 2 separate 
neighbours (resulting in 5 people being affected). 
All 9 people (ranging in age from 13 to 58) ate the 
fish for dinner on 2 March 2014. The fish fillets 
were barbequed prior to consumption and it was 
estimated that each steak was approximately 2 cm 
thick and weighed between 250–300 g. Adults ate 
up to 2 serves, while the younger cases ate smaller 
portions. The onset of symptoms varied from 
1–4 hours after consumption, and cases suffered 
symptoms of abdominal cramps and paraesthesia 
of the hands and lips. Cardiac problems occurred 

Figure: Map of New South Wales coastline showing locations of where the implicated Spanish 
mackeral were caught
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in 1 case. All individuals were advised to avoid 
alcohol for at least 2–3 months. During follow up 
interviews, 1 and 2 months post-incident, 1 indi-
vidual reported a persistent metallic taste for up to 
2 months.

Outbreak 3: South West Rocks (~30° 53’ S)

On 9 April 2015, the NSW Food Authority 
was notified of a suspected CFP in a group of 
4 adults affected after eating a Spanish mackerel 
of approximately 10 kg, caught by a spearfisher 
off South West Rocks (Figure) on 3 April 2015. At 
least 1 person was hospitalised on 4 April 2015, and 
one of the doctors diagnosed the case with classic 
CFP symptoms.

Detection of ciguatoxins

P-CTX-1B was unambiguously detected in the 
fish sample from Scotts Head (0.4 µg kg–1) and 2 of 
the 3 samples from Evans Head (0.6–1.0 µg kg–1) 
(Table). Overspike recovery, where the fish tissue 
sample was spiked with a known concentration of 
toxin standard, was determined to be 41%. This was 
poor and suggested significant matrix suppression 
from natural compounds present in the fish tissue 
and likely means P-CTX-1B levels determined in 
the samples were underestimated. There was also 
evidence of other CTX analogues present in the 
P-CTX-1B positive samples. However, because 
no reference materials are available for the other 
CTX analogues they were not able to be accurately 
quantified as part of this analysis.

Discussion and outcomes

Following consumption of fish caught in New 
South Wales coastal waters during 2014, diag-
nosis of CFP in both cases was based on clinical 
symptoms and confirmed by chemical analysis 
and detection of CTXs in the fish tissues. The 
2015 case was based on diagnosis of clinical 
symptoms only, which were consistent with that of 
CFP. The onset of symptoms was within 4 hours 
of consumption of the contaminated fish meals. 
Symptoms were similar in all cases and in 1 indi-

vidual neurological symptoms were still apparent 
up to 7 months following the consumption of the 
contaminated fish.26 In Pacific regions, P-CTX-1B 
has been documented in many fish species.27,28 
The US Food and Drug Administration has pub-
lished suggested guidance levels of 0.01 µg kg–1 
CTX equivalent for Pacific CTX,29 which repre-
sents an extremely low level. Negative effects on 
human health from exposure to Pacific CTX have 
been reported at concentrations between 0.08 and 
0.1 µg kg–1.10 The levels of P-CTX-1B detected in 
3 of the 4 samples were up to 2 orders of magnitude 
higher than this value. In addition, matrix sup-
pression from compounds present in the fish tissue 
likely resulted in an under-estimation of the toxin 
level in the samples. The variability in concentra-
tions in samples from Evans Head may be partly 
explained by the difference in sizes of the 2 fish, 
which were not distinguishable following filleting. 
However, some variation within individual fish is 
also apparent. This may explain the lower attack 
rate in the Evans Head outbreak (4/7) compared 
with the Scotts Head outbreak (9/9).

To our knowledge, the locations where the contam-
inated fish implicated in the two 2014 outbreaks 
were caught were at that time the southernmost 
confirmed sources of CFP in Australia. The 2015 
case further highlighted the potential for CFP 
incidence to extend further south along the east-
ern Australian coast. It is generally accepted that 
potentially ciguatoxic fish occur between the lati-
tudes 35 °N and 35 °S globally.29 However, a review 
by Tester et al.30 demonstrated the paucity of data 
south of the Equator regarding CFP incidence for 
South America, West Africa, the southern Atlantic 
Ocean and Australia. For south-eastern Australia, 
an outbreak of CFP in Victoria in 1997 was linked 
to a consignment of fish from Queensland,22 while 
another case in Victoria in 2005 was linked to fish 
imported from Fiji.31 Although there have been 
investigations into CFP associated with imported 
fish in New South Wales, prior to 2014, only 
1 other outbreak (2002, Brunswick Heads) was 
linked to fish caught in New South Wales waters.24 
At that time, chemical confirmatory testing was 
unavailable. However, clinical symptoms were 
consistent with CFP (A. Zammit, personal com-
munication). The cases reported here occurred fol-
lowing the consumption of fish that were caught 
approximately 70 km (Evans Head), 250 km 
(Scotts Head) and 265 km (South West Rocks) 
further south. These cases of CFP occurred within 
what is considered as the southern CFP boundary 
(35 °S, Figure). However, the 2014 and 2015 out-
breaks are consistent with global accounts of CFP, 
which are increasing in frequency. Additionally, 
there are increasing reports of CTXs or potentially 
CTX-producing microalgae in locations outside 
of tropic reefs regions that were previously con-

Table: Results of fish flesh analysis by liquid 
chromatography-tandem mass spectrometry

Sample Location P-CTX-1B
P-CTX-1B  
(µg kg–1)

V1207-A Scotts Head Detected 0.4
V1207-B Evans Head Detected 0.6
V1207-C Evans Head Detected 1.0
V1207-D Evans Head Not detected Not detected
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sidered not to be at risk.4,32,33 It is likely that the 
Spanish mackerel implicated in each of the 2014 
outbreaks in New South Wales originated from 
Queensland waters, particularly as another case of 
CFP was documented by Queensland authorities 
in the Gold Coast region during the same period 
(February 2014), and 67 cases of CFP were reported 
in Queensland during 2014.21 While increasing 
ocean temperatures may be influencing the distri-
bution and migration patterns of fish species, there 
is also scope for species of microalgae that produce 
CTXs to increase their geographic range.34 For 
example, Gambierdiscus species have recently been 
reported from as far south as Merimbula in New 
South Wales (36° 53’ S),33 and in coastal waters of 
Northland New Zealand (35° 15’ S).35 Although it 
is difficult to ascertain if populations are extant or 
introduced, these locations are outside of what was 
originally regarded as the geographic boundary of 
the species.

There are still many unknowns surrounding the 
origins and dynamics of CFP from CTX in sea-
food. The implementation of regulatory criteria for 
CTXs has been hindered by the limited availabil-
ity of reference material, which has also restricted 
the implementation of a commercial test procedure 
for routine analysis. In the absence of commer-
cial testing, a precautionary approach is applied 
in Australia whereby certain species of fish are 
banned or have size restrictions and fish from spe-
cific ciguatera ‘hotspots’ are prohibited for sale.36–38 
Under-reporting of CFP cases can result from 
misdiagnosis,19 a limited capability for chemical 
detection of CTXs and a lack of public awareness 
particularly in previously unaffected locations. 
In the wake of the 2014 New South Wales CFP 
illness outbreaks, material advising consumers to 
avoid eating large (> 10 kg) Spanish mackerel 
and fish head, roe, liver and viscera was distrib-
uted in the form of media releases and factsheets 
via the NSW Food Authority and NSW Health 
websites.39,40 Educational outreach to 117,000 rec-
reational fishers was facilitated through the NSW 
Department of Primary Industries (DPI) follow-
ing the Evan’s Head illnesses.40 This highlighted 
the location of the outbreak, fish involved and the 
range of symptoms associated with ciguatera fish 
poisoning. Further, to protect consumer safety, the 
regional Fishermen’s Co-op at Ballina New South 
Wales and Sydney Fish Markets updated their risk 
management strategy to implement a ban on the 
sale of all fish over 10 kg in the mackerel species. 
Additionally, a research project at the University of 
Technology Sydney, supported by NSW DPI and 
the Australian Government Fisheries Research 
and Development Corporation, is underway 
to investigate CTXs in Spanish mackerel from 
northern New South Wales and to establish test-
ing capabilities.41 Advancing our understanding of 

the risks of CFP, and working towards techniques 
to reliably and accurately detect if CFP toxins are 
present in Australian seafood, will reduce the risk 
to public health and may allow the fishing industry 
to re-enter the market with fish species that they 
currently cannot sell.

Acknowledgements

The authors wish to thank NSW Food Authority 
officers, Ms Dale Collier and Mr Glenn Loche for 
providing safe transport of fish samples to Sydney 
and Associate Professor Shauna Murray, University 
of Technology Sydney for facilitating sample 
transit to the Cawthron Institute. The expertise 
of technical staff at the Cawthron Institute is 
acknowledged. The authors also wish to thank 
those individuals affected by ciguatera fish poison-
ing who participated in the case investigations, and 
medical personal who provided notifications of the 
outbreaks.

Author details
Hazel Farrell, Shellfish Operations Officer1

Anthony Zammit, Manager NSW Shellfish Program1

Jennifer Manning, Recall Co-ordinator1

Craig Shadbolt, Manager, Food Incidents Response and 
Complaints1

Lisa Szabo, Chief Scientist, NSW Food Authority1

D Tim Harwood, Safe New Zealand Seafood Programme 
co-leader2

Paul McNabb, Technical Manager, Research and Method 
Development2

Mr John A Turahui, Communicable Disease Public Health 
Officer3

Ms Debra J van den Berg, Communicable Disease Public 
Health Officer3

1. NSW Food Authority, Newington, New South Wales
2. Cawthron Institute, Nelson, New Zealand
3. North Coast Public Health Unit, Lismore, New South 

Wales

Corresponding author: Dr Hazel Farrell, Shellfish Operations 
Officer, PO Box 6682 Silverwater NSW 1811. Telephone: 
+61 2 9741 4882. Mobile: 0427 290 367. Email: Hazel.
Farrell@foodauthority.nsw.gov.au

References
1. Gillespie N, Lewis R, Pearn J, Bourke A, Holmes M, 

Bourke J, et al. Ciguatera in Australia. Occurrence, 
clinical features, pathophysiology and management. 
Med J Aust 1986;145(11-12):584-590.

2. Gillespie N, Lewis R, Holmes M. Ciguatera in Australia. 
South Pacific Commission Twentieth Regional Technical 
Meeting on Fisheries. Noumea, New Caledonia, 
1–5 August 1988.

3. Friedman MA, Fleming LE, Fernandez M, Bienfang P, 
Schrank K, Dickey R, et al. Ciguatera fish poisoning: 
treatment, prevention and management. Marine Drugs 
2008;6(3):456–479.

4. Skinner MP, Brewer TD, Johnstone R, Fleming LE, 
Lewis RJ. Ciguatera fish poisoning in the Pacific Islands 
(1998 to 2008). PLoS Negl Trop Dis 2011;5(12):e1416.



E6 CDI Vol 40 No 1 2016

Original article 

5. Litaker RW, Vandersea MW, Faust MA, Kibler SR, 
Nau AW, Holland WC, et al. Global distribution 
of ciguatera causing dinoflagellates in the genus 
Gambierdiscus. Toxicon 2010;56(5):711–730.

6. Adachi R, Fukuyo Y. The thecal structure of a marine 
toxic dinoflagellate Gambierdiscus toxicus gen. et 
sp. nov. collected in a ciguatera-endemic area. 
Bulletin of the Japanese Society of Scientific Fisheries 
1979;45(1):67–71.

7. Randall JE. A review of ciguatera, tropical fish poison-
ing, with a tentative explanation of its cause. Bulletin of 
Marine Science 1958;8(3):236–267.

8. Cruz-Rivera E, Villareal TA. Macroalgal palatability and 
the flux of ciguatera toxins through marine food webs. 
Harmful Algae 2006;5(5):497–525.

9. Holmes MJ, Lewis RJ, Poli MA, Gillespie NC. Strain 
dependent production of ciguatoxin precursors (gam-
biertoxins) by Gambierdiscus toxicus (Dinophyceae) in 
culture. Toxicon 1991;29(6):761–775.

10. Lehane L, Lewis RJ. Ciguatera: recent advances but the 
risk remains. Int J Food Microbiol 2000;61(2):91–125.

11. Food and Agriculture Organization. Ciguatera Fish 
Poisoning (CFP). In: Marine Biotoxins FAO Food and 
Nutrition Paper. Rome, Italy; 2004. p. 185–278.

12. Hamilton B, Whittle N, Shaw G, Eaglesham G, 
Moore MR, Lewis RJ. Human fatality associated 
with Pacific ciguatoxin contaminated fish. Toxicon 
2010;56(5):668–673.

13. Sims JK. A theoretical discourse on the pharmacol-
ogy of toxic marine ingestions. Ann Emerg Med 
1987;16(9):1006–1015.

14. Glaziou P, Martin PM. Study of factors that influence the 
clinical response to ciguatera fish poisoning. Toxicon 
1993;31(9):1151–1154.

15. Barton ED, Tanner P, Turchen SG, Tunget CL, 
Manoguerra A, Clark RF. Ciguatera fish poison-
ing. A southern California epidemic. West J Med 
1995;163(1):31.

16. Pearn J. Ciguatera-a potent cause of the chronic 
fatigue syndrome. Journal of Immunology and 
ImmunoPharmacology 1995;15:63–65.

17. Swift AE, Swift TR. Ciguatera. Clin Toxicol 1993;31(1):1–
29.

18. Lewis RJ. Ciguatera management. SPC Live Reef Fish 
Information Bulletin 2000;7:11–13.

19. Lindsay JA. Chronic sequelae of foodborne disease. 
Emerg Infect Dis 1997;3(4):443.

20. OzFoodNet. OzFoodNet quarterly reports. 2001–2013. 
Available from: http://wwwozfoodnetgovau/internet/
ozfoodnet/publishingnsf/content/reports-1.

21. Qld Health. Statewide weekly communicable diseases 
surveillance report 22 December 2014.

22. Ng S, Gregory J. An outbreak of ciguatera fish poisoning 
in Victoria. Commun Dis Intell 2000;24(11):344–346.

23. NSW Food Authority. Food safety risk assessment of 
NSW food safety schemes – Updated December 2012.

24. Tobin A, Mapleston A. Exploitation dynamics and 
biological characteristics of the Queensland east coast 
Spanish mackerel (Scomberomorus commerson) fishery. 
Townsville: CRC Reef Research Centre; 2004.

25. Lewis RJ, Yang A, Jones A. Rapid extraction combined 
with LC-tandem mass spectrometry (CREM-LC/MS/MS) 
for the determination of ciguatoxins in ciguateric fish 
flesh. Toxicon 2009;54(1):62–66.

26. Cheadle B. Ciguatera effects linger. Rivertown Times, 
Evans Head NSW 2014 24 September 2014;Sect. 1.

27. Yogi K, Oshiro N, Inafuku Y, Hirama M, Yasumoto T. 
Detailed LC-MS/MS analysis of ciguatoxins reveal-
ing distinct regional and species characteristics in 
fish and causative alga from the Pacific. Anal Chem 
2011;83(23):8886–8891.

28. Yogi K, Sakugawa S, Oshiro N, Ikehara T, Sugiyama K, 
Yasumoto T. Determination of toxins involved in cigu-
atera fish poisoning in the Pacific by LC/MS. J AOAC Int 
2014;97(2):398–402.

29. US Department of Health and Human Services Food 
and Drug Administration; Center for Food Safety and 
Applied Nutrition. Fish and Fishery Products Hazards 
and Controls Guidance. 4th edn. April 2011.

30. Tester PA, Feldman RL, Nau AW, Faust MA, Litaker RW. 
Ciguatera fish poisoning in the Carribean. Proceedings of 
the Smithsonian Marine Science Symposium Smithsonian 
Contributions to the Marine Sciences 2009:301–311.

31. OzFoodNet Working Group. Burden and causes 
of foodborne disease in Australia: Annual report of 
the OzFoodNet network, 2005; Commun Dis Intell 
2006;30(3):278–300.

32. Llewellyn L, Tester P, Hallegraeff GM. Ciguatera – A 
neglected tropical disease. An international plan for 
improved research and management. Intergovernmental 
Oceanographic Commission (of UNESCO) Eleventh 
session of the IOC Intergovernmental Panel on 
Harmful Algal Blooms UNESCO Headquarters, Paris, 
28–30 April 2013 2013:10.

33. Kohli GS, Murray SA, Neilan BA, Rhodes LL, 
Harwood DT, Smith KF, et al. High abundance of the 
potentially maitotoxic dinoflagellate Gambierdiscus 
carpenteri in temperate waters of New South Wales, 
Australia. Harmful Algae 2014;39:134–145.

34. Hallegraeff GM. Ocean climate change, phytoplankton 
community responses, and harmful algal blooms: a 
formidable predictive challenge. Journal of Psychology 
2010;46(2):220–235.

35. Rhodes L, Giménez Papiol G, Smith K, Harwood T. 
Gambierdiscus cf. yasumotoi (Dinophyceae) isolated 
from New Zealand’s sub-tropical northern coastal 
waters. New Zealand Journal of Marine and Freshwater 
Research 2014;48(2):303–310.

36. NSW Food Authority. Food safety program for seafood 
processing; 2012.

37. Qld Health. Communicable disease control guidance 
and information. 2015. Available from: https://www.
health.qld.gov.au/foodsafety/documents/fs-37-sea-
toxin.pdf

38. Sydney Fish Market Pty Ltd. Schedule of ciguatera high-
risk areas and species size limits. 2005. Available from: 
http://sfm7.itworxconsulting.com/Portals/0/Ciguatera_
Schedule.pdf

39. NSW Health Seafood Poisoning Factsheet. 2014. 
Available from: http://www.health.nsw.gov.au/
Infectious/factsheets/Pages/seafood_poisoning.aspx

40. Advice to fishers on North, mid north and far north NSW 
Coast. 2014. Available from: http://www.foodauthority.
nsw.gov.au/news/news-04-Mar-14-advice-to-fishers-
nsw-coast

41. Martlew M. NSW fishing clubs get behind citizen science 
fish toxin project. 2015. Available from: http://news-
room.uts.edu.au/news/2015/02/nsw-fishing-clubs-get-
behind-citizen-science-fish-toxin-project


	Original articles
	Clinical diagnosis and chemical confirmation of ciguatera fish poisoning in New South Wales, Australia
	Hazel Farrell, Anthony Zammit, D Tim Harwood, Paul McNabb, Craig Shadbolt, Jennifer Manning, John A Turahui, Debra J van den Berg, Lisa Szabo



