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Abstract

Background: Ciguatera is a type o f fish poisoning that occurs throughout the tropics, particularly in vulnerable island 
communities such as the developing Pacific Island Countries and Territories (PICTs). After consuming ciguatoxin- 
contaminated fish, people report a range o f acute neurologic, gastrointestinal, and cardiac symptoms, w ith some 
experiencing chronic neurologic symptoms lasting weeks to months. Unfortunately, the true extent o f illness and its impact 
on human communities and ecosystem health are still poorly understood.

Methods: A questionnaire was emailed to the Health and Fisheries Authorities o f the PICTs to quantify the extent o f 
ciguatera. The data were analyzed using t-test, incidence rate ratios, ranked correlation, and regression analysis.

Results: There were 39,677 reported cases from  17 PICTs, w ith  a mean annual incidence o f 194 cases per 100,000 people 
across the region from 1998-2008 compared to the reported annual incidence o f 104/100,000 from 1973-1983. There has 
been a 60% increase in the annual incidence o f ciguatera between the tw o tim e periods based on PICTs that reported for 
both tim e periods. Taking in to account under-reporting, in the last 35 years an estimated 500,000 Pacific islanders m ight 
have suffered from  ciguatera.

C onclusions:!^  level o f incidence exceeds prior ciguatera estimates locally and globally, and raises the status o f ciguatera 
to an acute and chronic illness w ith major public health significance. To address this significant public health problem, 
which is expected to increase in parallel w ith  environmental change, well-funded multidisciplinary research teams are 
needed to translate research advances in to practical management solutions.
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Introduction

T h e  developing Pacific Island Countries an d  T erritories 
(PICTs) are under increasing th rea t from  bo th  acute and  chronic 
diseases ranging from  H IV /A ID S  to obesity. In  addition, people 
residing in P IC T s are highly vulnerable to environm ental impacts 
from  the sea level rise an d  extrem e w eather events associated with 
global w arm ing. C iguatera is a  prevalent tropical an d  subtropical 
disease that has been  an  under-appreciated  cause o f acute and  
chronic disease in island com m unities and  m ight be increasing in 
incidence due to increasing vulnerabilities (i.e. poverty, global 
warm ing, eutrophication) in these populations [1-3].

C iguatera is caused by the consum ption o f coral reef fish 
con tam inated  by  ciguatoxin and  related toxins from  dinoflagellates 
(microalgae) and  cyanobacteria  [1,2]. T h e  ciguatoxin bioaccum u- 
lates up  the food web, either directly from  incidental uptake by

herbivorous fish or indirectly by carnivorous fish [1], After the 
consum ption o f coral reef fish con tam inated  w ith ciguatoxin, 
people experience potentially severe acute neurologic, gastrointes­
tinal an d  cardiac symptoms as well as, in some cases, chronic 
neurologic sym ptoms lasting weeks to m onths [1,2]. C iguatera 
occurs globally, in coastal tropical waters, an d  is particularly  
prevalent across the P IC T s. Cases o f  ciguatera have also been 
reported  in tem perate regions o f  the w orld due to travel and  coral 
reef fish export. C iguatera poisoning is often under-diagnosed and  
under-reported , with only 2 to 10% o f cases reported  to health 
authorities (Friedm an et al 2008). Estim ates o f the incidence of 
ciguatera in O ceania  have ranged from  0 .5 /1 0 ,0 0 0 /y e a r in 
H aw aii to 5 ,8 5 0 /1 0 ,0 0 0 /y ea r in French Polynesia [2]. Fish is the 
staple pro tein  source in m any  P IC T  com m unities, w ith m any 
islands in the region suffering ongoing outbreaks o f ciguatera 
leading to potentially significant im pacts on  large portions o f the
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Author Summary
Ciguatera fish poisoning occurs throughout the tropics. 
A fter consuming contaminated coral reef fish, people 
report a range o f acute neurologic, gastrointestinal, and 
cardiac symptoms, w ith  some experiencing chronic 
neurologic symptoms lasting weeks to  months. Ciguatera 
is largely caused by toxins from benthic microalgae o f the 
genera Gambierdiscus that are bioaccumulated in reef fish 
through the marine food chain. Unfortunately, the true 
extent o f illness and its impact on human communities 
and ecosystems are still not well understood. Using data 
gathered from  Health and Fisheries Authorities o f the 
Pacific Island Countries and Territories we identified a 60% 
increase in the annual incidence o f ciguatera from  1988- 
2008 to 1973-1983 and estimate over 500,000 Pacific 
islanders m ight have suffered from  ciguatera in the ir 
lifetime. The incidence o f ciguatera is expected to continue 
to rise in conjunction w ith  continued reef degradation and 
global warming, w ith  greatest impact likely to  be 
experienced in the developing PICTs and potentia lly the 
archipelagoes o f southeast Asia. Despite this threat, little 
funding is available for research that m ight lead to better 
management o f the problem either locally, regionally or 
globally.

population  o f small island com m unities w hen toxic fish are 
consum ed [3],

Dinoflagellates o f the genera Gambierdiscus, th a t grow epiphyt­
ically on  m acro- and  turf-algae on  coral reefs, produce the 
ciguatoxins p redom inantly  responsible for the disease know n as 
ciguatera. C oral reef dam age, o r w hen algal grow th is not 
controlled by  herbivorous fish, provide increased potential habitat 
for Gambierdiscus grow th th a t m ight increase the risk o f ciguatera 
[4], Despite extensive research, we know little about the ecology 
and  the environm ental factors that cause the bloom s of the 
ciguatera caustive organisms, nor do we understand  the role (if 
any) o f o ther dinoflagellate genera including Ostreopsis (palytoxin 
producers) an d  Prorocentrum (okadaic acid and  dinophysistoxins 
producers) o r m arine cyanobacteria  [5]. Presently, ciguatoxin can 
only be detected in fish and  Gambierdiscus in specialized labs, and  
diagnosis in hum ans is based alm ost exclusively on  symptoms 
associated with the recent consum ption of a  potential ciguateric 
fish; factors that ham per its effective m anagem ent an d  highlight 
im portan t research needs [1,2].

A  num ber o f factors have been associated w ith ciguatera cases 
and  the presence o f ciguatoxic dinoflagellates. M ilitary activities 
causing coral reef dam age in the Pacific, including from  W orld 
W ar II, and  nuclear test explosion program s, have been  linked 
with outbreaks and  changing incidence o f ciguatera in some 
locations [6], T he prevalence o f ciguatera in the South Pacific 
increases dram atically  w here average sea surface tem peratures are 
at least 28 to 29"C [7]. E levated sea surface tem peratures 
associated with global w arm ing are believed to already be 
exacerbating the extent and  the range o f ciguatera [8,9], 
R eportedly, ciguatera occurrences are m ost prevalent in the 
w arm est regions o f  the C aribbean, and  all indigenous ciguatera 
cases have occurred  w here annual average tem peratures are 
> 2 5 "C  [4], N utrient enrichm ent and  w arm ing sea surface 
tem peratures have been  shown to stim ulate Gambierdiscus growth 
w hich results in h igher cell densities [10], Also, benthic 
dinoflagellate species, including those o f the genera Gambierdiscus, 
m ight have extended biogeographical ranges, induced by hum an 
activity. For exam ple, benthic dinoflagellates are likely to be able

to colonize previously unoccupied locations th rough  transport in 
ship ballast [11]. C erta in  species o f Gambierdiscus has now been 
found to be  highly ciguatoxic com pared  to the o ther species [12], 
and  bloom s of these species are likely to contribute m ost to 
ciguatera risk.

G iven changes in global clim ate patterns, increased degrada­
tion o f coastal m arine environm ents th rough  coastal developm ent 
an d  land  run-off, an d  increased exploitation of coastal m arine 
resources, the incidence o f c iguatera cases is p red ic ted  to 
continue to increase in the future [4,13]. T herefore, we 
hypothesized th a t ciguatera incidence is an  increasing hum an  
health  an d  ecological concern  across the  P IC T s. T o  test this 
hypothesis, we report on  changes in c iguatera incidence across 
the Pacific, an d  the social consequences o f  changing ciguatera 
incidence by com paring  two 11 year periods o f data: 1973-1983 
vs 1998-2008.

Methods

T h e  Secretariat o f the Pacific C om m unity, the Institut Louis 
M alarde (Tahiti), the Institut Louis Pasteur (New Caledonia), and  
Institute for R esearch and  D evelopm ent (IRD) organized a 
C iguatera w orkshop held in N oum ea, O ctober 2008. At this 
workshop, m any island nation  delegates declared a  need for the 
ciguatera concern  to be bette r addressed. T o  start to understand  
the curren t extent and  n a tu re  o f the ciguatera problem , we 
distributed a  questionnaire to all P IC T s (Supporting inform ation 
SI). C iguatera records used in this study are housed in each PIC T s 
governm ent health  institution (Ministries and  D epartm ents o f 
H ealth  and  Public Health).

Q u e s t io n n a ire
T o obtain  the ciguatera records for the period  o f 1998 to 2008, 

we first contacted  the Secretariat o f the Pacific C om m unity  (SPC), 
Division o f Fisheries, A quaculture and  M arine Ecosystems 
(FAME) to obtain  the list o f institutions responsible for 
m aintain ing  ciguatera records w ithin P IC T s. W e considered these 
repositories were com aparable to the da ta  collection repositories 
used in the Lewis et al. study [14], T h e  questionnaire (Supporting 
Inform ation  SI) was sent by email to the institutions in O ctober 
2009. LTpdates on the re tu rn ing  of the questionnaires were sent to 
P IC T s on four occasions over the period, and  questionnaires were 
re tu rned  from  the P IC T s up until April 2010.

T h e  questionnaire was developed by the co-authors in 
collaboration w ith the P IC T s. T h e  questionnaire included 
questions an d  definitions from  prio r ciguatera studies to provide 
consistency of da ta  gathering and  allow com parison across studies. 
T h e  3 key sections o f the questionnaire collected inform ation on: 
1) T em poral incidence o f ciguatera; 2) Environm ental disturbance, 
to exam ine if coral reef condition and  occurrence o f coral 
bleaching and  cyclones m ight influence ciguatera incidence (these 
da ta  w ere considered purely speculative on the pa rt o f the 
respondent); an d  3) Social consequences o f ciguatera including 
changing diet and  associated m edical conditions, proactive and  
reactive m anagem ent o f ciguatera, and  the desire for external 
assistance in response to ciguatera.

Statistical ana lyses
1) Temporal incidence of ciguatera. T o determ ine 

w hether the pe r capita  incidence o f c iguatera has increased 
significantly, as hypothesized, com parisons are m ade betw een the 
da ta  from  this study (1998-2008) an d  the w ork of Lewis [14] who 
reported  on the epidem iology o f c iguatera in the Pacific for the 
years 1973 to 1983. W e tested for significant change in ciguatera
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incidence across P IC T s by com paring  m ean  annual incidence 
(per 100,000 people) w ithin each P IC T  in each tim e period  using 
a  p a ired  t-test, controlling for m issing ciguatera values. W e tested 
for overall change in ciguatera incidence using annual incidence 
(per 100,000 people) m eans across all P IC T S  for the two tim e 
periods using a  independent-sam ple /-test an d  linear regression 
analysis, controlling for missing ciguatera values. All total 
incidence and  incidence m ean  values w ere norm alized p rio r to 
analysis using a n a tu ra l log transform ation. W e also p resent the 
rates ra tio  (1998-2008 in c id en ce /1 9 7 3 -1 9 8 3  incidence),
controlling for m issing values.

2) Environmental disturbance. W e tested w hether 
ciguatera incidence correlated  with the incidence o f cyclones or 
b leaching using independent-sam ple t-test. W e also tested w hether 
ciguatera incidence correlated with coral reef condition using 
spearm an rank  correlation. W e used na tura l log transform ed total 
incidence (per 100,000 people) w ithin P IC T s from  1998-2008 as 
our m easure o f incidence for all environm ental disturbance 
analyses, controlling for missing ciguatera values.

3) Social consequences of ciguatera. W e tested w hether 
the pe r capita  incidence o f ciguatera was associated with diet 
change, secondary m edical problem s, reactive m anagem ent, 
proactive m anagem ent, and  perceived m anagem ent benefit from 
additional support across the P IC T s surveyed using independent- 
sample t-test, controlling for missing ciguatera values. A num ber o f 
respondents did no t com plete this section o f the questionnaire. 
Therefore, to ensure that non responses were no t due to low or 
high ciguatera incidence, we also com pared incidence rates 
betw een P IC T s that responded an d  P IC T s th a t did not, using 
independent-sam ple t-test.

Results
N early all P IC T s responded (17 or 85%), w ith h a lf fully 

com pleting the ciguatera questionnaires. W hilst we contacted  the 
health  authorities for the ciguatera da ta  (which were re tu rned  by 
the health  authorities in all cases), o ther questions were left 
incom plete as they w ere no t directly about the ciguatera health 
issue or w ere sent to the o ther governm ent authorities to be  fully 
com pleted.

T em p o ra l  in c id en ce  o f  c ig u a te ra
T h e  reported  cases for the recent 11 year period  showed high 

levels o f inter-year variability w ithin and  betw een PIC T s. In  Fiji, 
K iribati an d  French Polynesia, m ore cases occurred  a t the start o f 
the period. A nnual reported  cases peaked a round  the m iddle o f the 
period  at Cook Islands, M arshall Islands, Tokelau, M arian a’s, and  
Haw aii. R eported  cases in V anuatu  peaked towards the later part 
o f  the 11 year period  an d  since 2005, Fiji experienced an  increase 
in the num ber o f ciguatera cases. Finally, Palau, H aw aii, G uam , 
Sam oa, W allis and  Futuna, an d  N auru  all h ad  relatively consistent 
incidence rates o f under 5 /100 ,000  (Table 1). Additional data  
relating to ciguatera incidence w ithin P IC T  archipelagos are 
presented  in T able  2.

W ithin  the 35 year period  (1973-2008), including the study by 
Lewis [14] and  this study, there was a clear overall increase in C PF 
incidence; however, the results show in ter-P IC T  incidence 
variability betw een the two tim e periods (Figure 1). Cook Islands, 
V anuatu , Fiji, Tokelau, M arshall Islands, N iue, Tonga, an d  Palau 
all have increased ciguatera incidence (Table 3). O thers have 
shown a  decrease in ciguatera incidence in com parison to the

Table 1. Ciguatera cases and mean annual incidence rates/100,000 by participating PICT: 1998-2008.

PICT 1 99 8 199 9 2 0 0 0 2001 2 0 0 2 20 0 3 2 0 0 4 2 0 0 5 2 0 0 6 2 0 0 7 2 0 0 8 T o ta l P o p u la tio n In c id en ce

Cook Islands 215 156 138 133 183 227 469 421 258 245 242 2,687 17,000 1,436.90

French Polynesia 1,890 1,890 702 640 779 620 583 438 - 420 572 8,534 259,600 328.74

Fiji 1,754 2,827 1,932 1,715 1,100 559 547 428 617 772 1,004 13,255 837,000 143.97

Guam 1 7 7 5 5 4 0 4 4 2 3 42 165,000 2.31

S ta te  o f Hawaii*! 41 37 59 68 64 35 27 25 18 31 405 1,250,000 3.24

Kiribati 361 467 675 524 463 184 63 77 46 64 259 3,183 92,500 312.83

North Marianas* 65 30 40 41 40 33 57 81 43 35 29 494 80,400 55.86

Marshall Islands* - 118 112 178 482 171 233 195 245 178 210 2,122 51,000 416.08

New Caledonia 74 38 22 16 14 4 10 6 24 13 18 239 230,800 9.41

Nauru 0 0 0 0 0 0 0 0 0 0 0 0 10,065 0

Niue 0 0 0 0 20 0 1 2 15 1 11 50 1,500 303.03

Palau* 1 1 0 0 0 0 0 2 1 0 0 5 19,900 2.28

Sam oa 1 4 3 2 3 5 2 20 180,741 1.58

Tokelau 58 30 39 20 43 20 18 7 14 16 14 279 1,609 1,576.36

Tonga B B 21 25 34 30 36 146 101,000 28.91

Tuvalu 0 0 12 0 0 0 36 1 34 4 2 89 9,600 84.28

V anuatu 127 815 873 580 556 811 865 952 974 905 669 8,127 186,000 397.21

Wallis & Futuna 0 0 0 0 0 0 0 0 0 0 0 0 13,400 0

T o ta l 4 ,5 4 7 6 ,4 2 4 4 ,5 9 2 3 ,9 3 4 3,781 2 ,7 3 6 2 ,9 4 9 2 ,6 7 7 2 ,3 0 0 2 ,6 7 3 3 ,0 6 4 3 9 ,6 7 7 3 ,5 0 7 ,1 1 5 1 9 4 .6 3

*om itted from  in dependen t-sam p le  t- tes t com paring  annual m eans across tim e periods, and  rates ratio calculation.
^om itted from  paired t-tes t com paring  national m eans across tim e periods.
Note: Total incidence is th e  average  annual incidence (per 100,000 people) for all PICTs for th e  en tire  11 year period, controlling for missing values and excluding th e  
s ta te  o f Hawaii.
doi:10.1371/journal.pn td .0001416.t001
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Table 2. Ciguatera cases and incidence rates/100,000 for selected islands o f the participating PICTs: 1998-2008.

PICT Is land g ro u p C ig u a te ra  cases P o p u la tio n M ean  in c id e n c e **

French Polynesia G am bier 542 1,337 4,504

M arquesas 2,636 8,632 3,393

Tuam otu 3,590 15,510 2,571

Australes 1,617 6,310 2,567

Society 2,399 227,807 105

V anuatu Penam a 1,855 26,600 699

Sanm a 1,933 36,100 488

M alampa* 1,424 32,700 483

Torba 329 8,800 341

Shefa 1,969 54,400 329

Tafea 537 29,000 169

Marshall Islands Majuro 1,081 25,400 425

Ralik chain 366 19,915 186

Ratak chain 650 5,525 1,177

Kiribati Sou thern  Kiribati 413 1,519 2,502

Central Kiribati 630 7,550 755

Line Island 288 8,809 295

N orthern Kiribati 1,840 60,198 227

Kanton (Phoenix) 13 41 2,927

*The num bers fo r M alampa w ere  from  1998-2006. 
**lncidence =  cases /100,000 people. 
doi:10.1371 /journal.pntd .0001416.t002

other P IC T s (such as T uvalu  and  N ew  Caledonia). From  1973— 
1983, only four nations dem onstra ted  a  ciguatera incidence over 
300 /100 ,000; now  seven nations have an  incidence over this 
value. Fiji now outranks French Polynesia as the nation  with the 
highest num ber o f ciguatera cases. Previously only four nations 
had  over 2,000 ciguatera cases; recently six nations reported  
ciguatera cases over this value. Fiji, French Polynesia, V anuatu , 
K iribati, Cook Islands, and  T okelau  all dem onstra ted  an  increase 
in the num ber o f  ciguatera cases; New C aledonia, T uvalu  and  
G uam  showed a decrease in the num ber o f  cases.

Statistical analysis o f  tem poral change in ciguatera incidence 
showed varied results. T here  was no statistically significant 
difference betw een 1973-1983 m ean incidence and  1998-2008 
m ean  incidence across P IC T s (p = 0.949), com paring  all PIC T s 
(except the State o f H aw aii w hich was no t presented  by Lewis 
[14]) using pa ired  t-test (Table 4). How ever, there was a  highly 
significant difference in m ean  incidence, betw een the two time 
periods w hen com paring m ean  incidence across years (fi = 0.002), 
using independent-sam ple t-test. L inear regression analysis o f 
annual m ean incidence from  1973 to 2008 was also statistically 
significant (fi = 0.005) despite high inter-year variability. T he rate 
ratio (1998-2008 m ean  annual incidence/1973—1983 m ean 
annual incidence) was 1.60; therefore, there was a 60% increase 
in the m ean annual incidence from  the earlier period  to the m ore 
recent period. H aw aii, N orth  M arianas, M arshall Islands, and  
Palau  were om itted for the independent sam ple t-test, regression 
analysis and  the ra te  ratio  due to da ta  lim itations (Table 1).

E nviro nm en ta l  d is tu rb a n c e
O f the 18 P IC T s in this study, 11 reported  on  all (i.e. coral 

bleaching, cyclone incidence and  perceived reef condition), whilst 
New C aledonia reported  only on  coral bleaching (Table 5). All

three  environm ental disturbance types were positively related  to 
ciguatera incidence. How ever, there was no statistically significant 
correlation betw een m ean  annual ciguatera incidence and  
occurrence o f b leaching (p = 0.20), cyclone incidence (p = 0.17) or 
perceived coral reef condition (fi = 0.57).

Social c o n s e q u e n c e s  o f  c ig u a te ra
Responses to questions relating to the social consequences of 

ciguatera dem onstrated that the incidence o f ciguatera m ight be 
having a negative im pact on P IC T  comm unities. Seven PIC T s 
reported  changes in diet as a  result o f ciguatera, whilst six P IC T s 
reported  that there  was no change in diet as a  result o f  ciguatera. 
Also, seven PIC T s reported  secondary medical problem s (such as 
diabetes due to dietary changes) as a  result o f ciguatera. Five PIC T s 
reported  bo th  a  change in diet and  secondary m edical problem s as a 
result o f ciguatera. Seven P IC T s reported  taking reactive m anage­
m ent m easures (such as closure o f fishing areas) to m anage ciguatera 
outbreaks, whilst four PIC T s reported  taking no reactionary 
measures. Four P IC T s reported  that preventative m anagem ent 
(such as catchm ent m anagem ent) was occurring, whilst four P IC T s 
reported  that there was no preventative m anagem ent. Eight P IC T s 
reported  that additional support w ould im prove the m anagem ent of 
ciguatera, whilst four reported  that it would not.

T h ere  was a positive and  m arginally significant relationship 
betw een changing diet an d  pe r capita  incidence o f ciguatera 
(fi = 0.06), and  secondary m edical problem s and  pe r capita 
incidence o f ciguatera (fi = 0.08) (Table 6). N either reactive nor 
proactive m anagem ent was correlated  w ith per capita  incidence of 
ciguatera. H ow ever, perceived im provem ent in m anagem ent as a 
result o f  increased support was positively correlated  w ith pe r capita 
incidence of ciguatera (fi = 0.013). T h ere  was no significant 
difference (p^0.05) in pe r capita  incidence of ciguatera betw een
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Figure 1. Annual incidence of ciguatera in the Pacific. Mean annual incidence (per 100,000 people) of ciguatera across Pacific Island Countries 
and Territories (PICT) from 1973-2008 are reported . Hawaii, North Marianas, Marshall Islands and Palau were om itted  because com parable data was 
no t available for both  tim e periods. 
doi:10.1371 /journal, pn td .0001416.g001

nations that did and  did not respond to questions on  the social 
consequences o f ciguatera.

Discussion
This study provides four im portan t findings. First, as hypoth­

esized, ciguatera incidence has increased significantly in the Pacific

Table 3. PICT rankings by ciguatera incidence/100,000: 1973- 
1983 vs 1998-2008.

PICT 1 9 7 3 -1 9 8 3 1 9 9 8 -2 0 0 8

Inc id ence R ank Inc id ence R ank A R ank

Cook Islands 2 16 1,453 2 > 1 5

French Polynesia 565 2 344 3 < 1

Fiji 17 11 144 8 > 3

FSM 2 16 NR NA

Guam 8 14 2 14 0

S ta te  o f  Hawaii NR 3 18 NA

Kiribati 393 4 314 7 < 3

Marshall Islands 282 5 416 4 > 1

Nauru 11 13 0 16 < 3

New Caledonia 148 6 10 12 < 6

Niue 84 8 333 6 > 2

North Mariana 130 7 56 10 < 3

Palau 0 18 5 13 > 4

Sam oa 57 9 2 15 < 6

Tokelau 995 1 1,554 1 0

Tonga 17 12 29 11 > 1

Tuvalu 462 3 83 9 < 6

V anuatu 22 10 397 5 > 5

Wallis & Futuna 5 15 0 16 < 2

since the 1970s, bu t there is significant variability in incidence 
w ithin P IC T s since this tim e. Second, predicting  causes o f 
outbreaks an d  consequent elevated levels o f  ciguatera is difficult 
at the scale o f this study, highlighting the need  for further local- 
scale research an d  m anagem ent action. T h ird , as reported  earlier 
[3], ciguatera incidence continues to have significant negative 
effects on P IC T  societies, including d ietary changes an d  associated 
m edical problem s (such as diabetes). Fourth, there has been 
inadequate  response to date, yet there  is acknow ledgem ent from  a 
num ber o f P IC T s that assistance w ould aid in the m anagem ent o f 
ciguatera. Such assistance could provide appropria te  support and  
unified action m ight lead  to solutions to a  disease th a t could be 
considered an  im portan t cause of b o th  acute and  chronic illness in 
the Pacific.

Based on the results o f  this study com pared to historical 
analyses, the overall incidence of ciguatera pe r 100,000 people 
appears to have increased significantly in the Pacific com paring  
1973-1983 (mean 104 cases/100,000 [14]) w ith 1998-2008 
(m ea n l94/100,000). T h ere  has been  a  60% increase in the 
annual incidence o f ciguatera betw een the two tim e periods based 
on  P IC T s that reported  for bo th  tim e periods (Figure 1). Two 
nations w hich exemplify the potential degree o f change in 
incidence o f ciguatera are the Cook Islands, w here the incidence 
rose from  2 /10 0 ,0 0 0  to 1 ,554/100,000 betw een the two time 
periods; and  T uvalu, w here the incidence decreased from  4 6 2 /

1973-1983 d a ta  (Lewis 1986); N R =N o response. 
doi:10.1371 /journal.pntd .0001416.t003

Table 4 . Change in 
1998-2008.

the incidence o f ciguatera: 1973-1983 vs

1 9 7 3 -1 9 8 3  
M e a n  (SD)

1 9 9 8 -2 0 0 8  
M ean  (SD) t p -v a lu e  (z2)

PICTA 167.3(209.7) 300 (479.6) -0 .0 6 5 0.949

Y earf 104.3(21.6) 167.3 (61.5) -3 .6 1 7 0.002

Year} 104.3(21.6) 167.3 (61.5) 3.114 0.005 (0.33)

Apaired sam ple t-test.
^ independen t-sam p le  t- te s t assum ing equal 
* linear regression.
doi:10.1371 /journal.pntd .0001416.t004

variance.
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Table 5. Cyclones, coral bleaching and reef conditions 
reported by participating PICT: 1998-2008.

PICT B leach ing C yclone R eef C o n d itio n

Cook Islands Yes Yes Poor

French Polynesia - - -

Fiji

Guam Yes Yes Poor

S ta te  o f  Hawaii No No G ood

Kiribati No No G ood

North M arianas - - -

Marshall Islands Yes Yes G ood

North Caledonia Yes - -

Nauru - - -

Niue Yes Yes Fair

Palau No No G ood

Sam oa Yes Yes G ood

Tokelau Yes Yes Fair

Tonga Yes Yes Fair

Tuvalu - - -

V anuatu - -

Wallis & Futuna No No Fair

doi:10.1371 /journal.pntd .0001416.t005

100,000 people to 8 3 /100 ,000  people. Furtherm ore, while it 
m ight appear that ciguatera incidence rates have subsequently 
fallen, they are still h igher th an  the levels reported  earlier by  Lewis 
[14], T h e  non  significant result from  the pa ired  t-test com paring  
w ithin P IC T  ciguatera incidence for the two tim e periods suggests 
that there is significant variability o f ciguatera incidence within 
P IC T s th rough  tim e. T herefore tem poral change of incidence is 
difficult to predict a t the P IC T  scale. How ever, the independent 
sample t-test and  regression analysis revealed a regional increase in 
ciguatera incidence, highlighting the need for regional action.

LTsing the conservative estim ate that the official reported  
ciguatera represents 20%  o f actual incidence [14], then  the actual 
average overall incidence for the region w ould be  970/100 ,000  for 
1998 to 2008. O thers have estim ated th a t only 5-10%  o f ciguatera 
cases are actually reported  [2]. Across the region, using the 
reported  m ean  values o f actual cases for the three  periods for 
w hich we have da ta  (1,762 for 1973-1983; 2,844 for 1989-1992 
(South Pacific Epidem iological an d  H ealth  Inform ation  Services 
data); and  3,607 for 1998-2008 (current study)) and  using a 
conservative under reporting  ra te  o f 80% , we estim ate that since

1973 approxim ately 500,000 P IC T  inhabitants have had  cigua­
tera.

It is possible that there  m ight be a  reporting  bias in the data  
because o f increased research an d  interest in ciguatera com pared 
to the 1973-1983 tim e period. How ever, our da ta  dem onstrate 
high variability o f c iguatera reporting  from  1998-2008 across the 
PIC T s. It is beyond the scope of this study to ascertain  the effect o f 
im m igration and  translocation o f people to and  from  some o f these 
PIC T s, w ith different d ietary habits th an  the local inhabitants, on 
ciguatera incidence. G iven the variability in the change of 
incidence across the region dem onstra ted  in this study, it is clear 
that the overall ciguatera tren d  cannot be extrapolated  from  data  
for a  single P IC T .

W e elicited a  relatively poor response rate  from  questions 
relating to coral bleaching, cyclones, an d  degraded reef conditions. 
Such environm ental d isturbance generally occurs at finer scales, so 
it m ight be  appropria te  to perform  a  m ore detailed field surveys in 
collaboration with environm ental, fisheries, and  m eteorology 
agencies in the future to bette r understand  such effects. However, 
despite the m ethodological lim itations, we have shown that there is 
a  tren d  for ciguatera incidence to be  h igher w here bleaching, 
cyclones, and  poor reef condition have been  reported.

Stronger relationships were identified betw een ciguatera 
incidence and  social im pacts o f ciguatera outbreaks. W e found a 
m arginally significant positive relationship betw een changing diet 
and  the incidence o f ciguatera, an d  associated m edical problem s 
and  incidence o f ciguatera. Such problem s increase financial and  
social burdens on  PIC T s. Addressing the underlying causes o f 
ciguatera outbreaks will reduce this burden , enabling P IC T  
authorities to redistribute their lim ited resources to o ther priorities. 
M anagem ent action and  prevention  do no t correlate with 
ciguatera incidence highlighting the lack of a  unified and  
systematic approach  for addressing ciguatera in the region. A 
clear desire for assistance exists w ithin the P IC T s that have high 
ciguatera incidence, suggesting that P IC T s w ould be highly 
receptive to an  external body aiding in enabling  unified and  
systematic action. In  addition  to exploring new  and  better 
apporaches to detection and  treatm ent, research is needed into 
the causes o f  ciguatera outbreaks, including environm ental and  
anthropogenic param eters, to explain the hypotheses raised by this 
study.

Lim itations o f  s tu d y
It is possible that the unusual collaboration o f the m ajority  o f the 

P IC T s in this project m ight have contributed  to the observed 
increased reporting  o f ciguatera (as well as o ther unidentified 
infrastructure changes), and  thus a  possible reporting  bias for the 
m ore recent 1998-2008 data  w hen com pared w ith the 1973-83. 
How ever, these da ta  represent a  decade o f reporting  during  a 
period  o f com peting public health  interests an d  lack o f surveillance

Table 6. Relationships between per capita Incidence o f ciguatera and social conseq uences o f ciguatera.

No Yes

N M ean S t.D ev . N M ean S t.D ev . t /> v a lu e

Diet change 6 82.14 125.67 6 452.98 571.66 -2 .1 2 3 0.060

M edical problem s 5 90.83 133.53 7 554.38 669.26 -1 .9 5 8 0.079

Reactive m a n ag em e n t 4 438.41 681.6 7 379.81 555.13 -0 .371 0.719

Proactive m a n ag em e n t 5 444.54 649.49 4 546.24 619.78 -0 .2 9 7 0.775

Additional su p p o rt 4 8.2 13.84 8 525.11 624.19 -2 .9 9 3 0.013

doi:10.1371 /journal.pntd .0001416.t006
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resources for ciguatera in the P IC T s. As with all c iguatera studies 
w here the case definition does no t include active confirm ation of 
ciguatoxin in the fish consum ed, there  is the possibility o f the 
misclassification o f reported  cases; however, this situation has not 
changed from  the 1970s [2].

It is also beyond the scope o f this study to speculate on the 
causes o f the high spatial and  tem poral variability o f ciguatera [4]. 
This study, instead, aim ed to dem onstrate th a t ciguatera is still o f 
m ajor and  possibly growing concern  in the region. Addressing 
ciguatera will require significant investm ent in research and  
continuing education cam paigns. I f  the suspected disturbances 
(including coral bleaching, cyclones, shipwrecks, and  p o rt facilities) 
are m ajor causes o f ciguatera outbreaks, then  it is likely th a t the 
general tem poral p a tte rn  o f increased outbreaks will continue in 
the region, and  be a  far m ore expensive concern in the future, if 
our understand ing  of, and  response to, ciguatera is no t extensively 
im proved.

C onclus ion
Despite over 50 years o f ciguatera research in the Pacific, no 

com prehensive region-wide action has occurred  to bette r m anage 
ciguatera. Based on this study, an  estim ated 500,000 persons 
m ight have con tracted  ciguatera in the last 35 years, correspond­
ing to a  lifetime prevalence o f 25% . I t  is rem arkable th a t ciguatera 
has largely been  ignored by the P IC T  national governm ents, with 
only two nations having an  ongoing m onitoring  p rogram  and  only 
one nation  having a  small un it devoted to researching ciguatera 
(Toxic M icro-algae U n it o f the Institu t Louis M alarde, French 
Polynesia). G iven the rapidly changing physical environm ent 
(including global warm ing, extrem e w eather, and  coral reef
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