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Summary
Background From late 2016 to early 2021, cases of Haff disease, a rare cause of rhabdomyolysis, possibly due to poi-
soning by palytoxin-like compounds in seafood, were detected in Salvador, Brazil. Surveillance was established to
detect additional cases aiming at describing the clinical characteristics of the cases, identifying associated factors,
estimating disease attack rate, and investigating the presence of biotoxins and trace metals in selected fish specimens
obtained from cases.

Method Between December/2016-January/2021, surveillance investigated Haff disease suspected cases, and
obtained clinical and fish samples to test.

Findings Of 65 cases investigated during the 2016-2017 outbreak, 43 (66%) had high creatine phosphokinase (CPK)
levels. Among those with laboratory-confirmed rhabdomyolysis, 38 (88%) were hospitalized, 11 (26%) required
intensive care, and three (7%) dialysis. Ingestion of marine fish 24h before disease onset was reported by 74% of the
cases with elevated CPK and by 41% of those without CPK measurement (P=0¢02). Attack rate for individuals who
ate fish related to the outbreak was 55%. Following this outbreak, surveillance identified 12 suspected cases between
2017-2019, and a second outbreak in 2020-2021, with 16 laboratory-confirmed rhabdomyolysis patients (five
required intensive care; one died). No traces of ciguatoxins and metals were detected in fish specimens obtained in
2016, found to be Seriola rivoliana. Some fish samples from 2020 were screened for palytoxin (PlTX)-like com-
pounds and contained detectable levels of molecule fragments characteristics of isobaric PlTX, ovatoxin-a (OVTX-a),
OVTX-b and OVTX-d.

Interpretation These findings support the hypothesis that compounds related to PlTX accumulated in marine fish
may be the toxic agent causing the disease. Haff disease is a life-threatening condition, requiring clinical suspicion
for patients with sudden-onset myalgia following fish ingestion. Suspected cases should be reported to health
authorities for investigation.
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Introduction
Rhabdomyolysis is a syndrome caused by direct or indi-
rect muscle injury, resulting in elevation of serum crea-
tine phosphokinase (CPK) levels. As the kidneys
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Research in context

Evidence before this study

Haff disease is a rare and potentially life-threatening
cause of rhabdomyolysis that typically develops within
24 hours after ingestion of certain types of fish or crusta-
cean. It has been postulated that the disease is caused
by heat-stable toxins produced by microalgae and other
marine invertebrates found in coral reefs and accumu-
lated in the bodies of fishes and crustaceans by trophic
transfer through the food chain. Haff disease was first
described in 1924, near the Haff shores, East Prussia, and
since then over 1,000 cases of the disease have been
reported in Europe. Cases have also been detected in
other regions of the world, including the United States
of America and China. In South America, cases have
recently been reported in Brazil (in the Amazon region
and in the northeastern states). We used the term “Haff
disease” to search MEDLINE and found only 92 articles
for the period between 1948 and June, 2021; 36 of them
published in the last ten years. Most publications are
case series, outbreak reports, or review articles. Prospec-
tive surveillance investigations, designed to detect Haff
disease cases and outbreaks over time, are scarce. Fewer
than five studies have estimated the attack rate associ-
ated with sharing seafood meals implicated in the occur-
rence of Haff disease, all conducted in China.
Furthermore, few studies have evaluated the presence
of biotoxins in specimens of fish or crustaceans and sea-
food meal remains obtained from cases.

Added value of this study

In response to the first outbreak of Haff Disease in Salva-
dor, northeastern Brazil, prospective surveillance was
established to detect additional outbreaks or sporadic
cases in the city. During December 2016 and January
2021, surveillance investigated patients who manifested
sudden-onset muscle pain of unknown cause in associa-
tion with elevated levels of creatinine phosphokinase
(CPK) or with compatible symptoms, but for whom CPK
measurement was not possible. The results provided a
comprehensive description of the natural history of the
disease, including an estimate of the attack rate associ-
ated with sharing a fish meal involved in the occurrence
of Haff disease cases; characterization of clinical manifes-
tations and outcomes of the disease, such as hospitaliza-
tion rates, need for intensive care, and dialysis
requirement; and identification of fish intake within 24
hours of the onset of symptoms as a factor associated
with the diagnosis of the disease. In addition, laboratory
assessment of biotoxins and trace metals in selected fish
specimens and meal remains obtained from cases
revealed the presence of palytoxin (PlTX)-like com-
pounds, such as isobaric PlTX, ovatoxin-a (OVTX-a),
OVTX-b and OVTX-d, but not of ciguatoxins and metals.

Implication of all the available evidence

Our study further supports the hypothesis that palytoxin-
like compounds accumulated in the body of fish and
crustaceans are the most likely toxic agent associated

with Haff disease. Given the increase in the number of
case reports of Haff disease in the last decade and the
growing evidence that outbreaks can happen worldwide,
including the American continent, our results reinforce
that Haff disease should be considered as a potential
cause of rhabdomyolysis for all patients with symptoms
onset within 24 hours of ingestion of seafood or freshwa-
ter fish. In addition, our findings highlight the importance
of reporting suspected cases to health authorities and
maintaining local level surveillance for prompt investiga-
tion of reported cases.
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eliminate muscle metabolites, urine may become darker
presenting reddish to brown coloration.1 Haff disease is
a rare cause of rhabdomyolysis that typically develops
24 hours after ingesting certain fish and crustacean.
The rapid onset of disease after consumption of these
cooked foods suggests that heat-stable toxins are the
cause of the disease.2,3 Although the origin and type of
toxins involved remain unclear, it is assumed that fish
and crustaceans do not produce the toxins themselves,
but rather accumulate compounds produced by other
organisms − likely algae − via trophic transfer over the
food web.

The disease was first described in 1924, near the
Haff shores along the Baltic Coast in East Prussia. Since
then, over 1,000 cases of Haff disease were reported in
Europe.4 In 1984, cases of rhabdomyolysis were also
detected in the United States of America, following con-
sumption of different species of fish, mainly Buffalo
fish (Ictiobus cyprinellus).2,5 Outbreaks have also been
identified in China in 2000, with additional cases
reported between 2009-2016.6 In Brazil, an outbreak of
Haff disease involving 27 cases occurred in the Amazon
region between June and September 2008.7 Most cases
were identified in the city of Manaus and all patients
were hospitalized. Three local freshwater fishes (“pacu”,
Mylossoma spp.; “tambaqui”, Colossoma macropomum;
and “pirapitinga”, Piaractus brachypomus) were impli-
cated as the source of the outbreak at that opportunity.

In December 2016, the Centre for Strategic Informa-
tion and Health Surveillance (CIEVS) of Salvador, Brazil
was informed about nine patients who had attended an
emergency health unit with clinical manifestations con-
sistent with Haff disease. Cases continued to be
reported in the city during the following weeks, totaliz-
ing 65 suspected cases until April 2017. We had previ-
ously described 15 of these cases.8 Salvador, the capital
of the state of Bahia, is the fourth largest city in Brazil,
located along the coast of the Northeast region of the
country. The city has 80 Km of beaches bordering the
Atlantic Ocean and the largest bay in the country, the
Ba�ıa de Todos os Santos [All Saints Bay]. Moreover, the
state of Bahia has the longest coastline in Brazil. How-
ever, finfish aquaculture production in Bahia is small,
representing less than 3% of the national production in
www.thelancet.com Vol xx Month xx, 2021



Articles
20199, and part of the fish consumed in the region
comes from other states.

Here, we considerably expand the findings for the
2016-2017 outbreak, investigating cases’ clinical charac-
teristics and associated factors, and estimating disease
attack rate related to sharing fish meals with cases dur-
ing the outbreak. Since then, CIEVS maintained surveil-
lance and continued to detect sporadic cases, as well as a
new outbreak in 2020-2021, which are also described
herein. Furthermore, we also investigate the presence
of biotoxins and trace metals in selected fish specimens
and meal remains obtained from cases. Our findings
should contribute to the limited literature on Haff dis-
ease in the Americas and help describe both the epide-
miology and the possible role of toxins in the
pathogenesis of the disease.
Methods

Case detection during the 2016-2017 outbreak
Based on the first reports of suspected cases of rhabdo-
myolysis, in December 2016, CIEVS issued an epidemi-
ological alert (http://www.cievs.saude.salvador.ba.gov.
br/surto-de-mialgia/) to all health units of Salvador,
informing about a possible outbreak, asking clinicians
to report cases of sudden-onset myalgia of unknown
cause, and requesting a retrospective evaluation of med-
ical records aiming to search for cases exhibiting com-
patible symptoms in the preceding month, which could
have gone unrecognized.

The following case definition was used for case
detection and reporting: “patients exhibiting (i) sudden-
onset muscle pain of unknown cause, especially in the
neck/trapezium region, associated to pain in other body
regions (e.g., upper limbs, lower limbs, back region,
thorax, and abdominal region), and (ii) elevated levels of
creatinine phosphokinase (CPK), or compatible symp-
toms but from whom CPK measurement was not possi-
ble”. Reported cases with residence outside of Salvador
were informed to the epidemiological office of their
respective municipalities.

All patients identified as suspected cases were inter-
viewed to collect data on demographics (age, sex, skin
colour), clinical manifestations (date of onset of symp-
toms, signs and symptoms, hospitalization), and epide-
miological exposures (history of fish ingestion and time
to onset of symptoms, contact with animals and rainwa-
ter, meal in restaurants, use of illicit drugs within 24
hours prior to the onset of symptoms, use of medication
within 48 hours prior to the onset of symptoms, physi-
cal exercise within 72 hours prior to the onset of symp-
toms, travel in the week before onset of symptoms, and
vaccination within 15 days before onset of symptoms).
We also investigated unreported individuals who ful-
filled the case definition and consumed the same fish
meal as a reported case. Data on clinical outcomes
www.thelancet.com Vol xx Month xx, 2021
(dialysis, intensive care support, and death) and labora-
tory results were obtained from medical records.
Epidemiological surveillance following the 2016-2017
outbreak
Following the 2016-2017 outbreak, Salvador health
units continued to report suspected cases to CIEVS,
using the aforementioned case definition. CIEVS inves-
tigated the reported cases, obtaining data on demo-
graphics, clinical manifestations and outcomes, and
history of fish ingestion and time to onset of symptoms.
Laboratory assessments
Patients’ samples of blood, faeces, and urine were col-
lected for laboratory exams (bacterial culture and entero-
virus testing). Whenever available, samples of the fish
consumed by the cases were also collected for testing by
the state public health laboratory and associated labora-
tories. From the samples obtained during the 2016-
2017 outbreak, fish testing followed the American Pub-
lic Health Association (APHA) standard methods10 for
measurement of the total count of coliforms, and for
detection of Salmonella sp., coagulase positive Staphylo-
cocci sp., Bacillus cereus, sporulated sulphite-reducing
anaerobes, Vibrio parahaemolyticus, as well as to deter-
mine fish colour, odour, and aspect.

A sample of uncooked fish (“olho de boi”, Seriola sp.)
from 2016 was obtained from a cluster of two cases that
reported having acquired it in the main fish market of
the city (the first had laboratory evidence of rhabdomyol-
ysis and the other one did not have CPK levels mea-
sured). The sample was assessed by inductively coupled
plasma mass spectrometry (ICP-MS) for quantification
of metals (total arsenic, cadmium and lead), and by
high performance liquid chromatography (HPLC) cou-
pled to ICP-MS for arsenic speciation (certified refer-
ence material: Fish Muscle ERM BB422) at Adolf Lutz
Institute (S~ao Paulo, Brazil) and Federal University of
ABC (Santo Andr�e, Brazil), respectively.11,12

Identification of fish species was performed accord-
ing to the Centre for Food Safety and Applied Nutrition
Standard Operating Procedure by the Food and Drugs
Administration (FDA), in Alabama, USA, in the same
sample evaluated for the presence of metals and in two
additional uncooked samples from 2016, obtained from
a cluster of three cases (one with elevated CPK levels
and the others without CPK measurement) and from an
isolated case (with high CPK levels).13 FDA also investi-
gated these fish samples for the presence of the algal
toxin ciguatoxin using both liquid chromatograph cou-
pled with triple quadrupole mass spectrometry (LC-MS/
MS) and in vitro neuroblastoma (N2a cells) cytotoxicity
assay (CBA-N2a).

Another six extra samples of fish obtained in 2020
were examined by LC coupled to tandem MS (LC-MS/
MS) at the Laboratory of Harmful Algae and
3
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Phycotoxins, Federal Institute of Santa Catarina (Itaja�ı,
Brazil) for the presence of palytoxin-like compounds. Of
these six samples, two (one fresh and one cooked, left-
over from a meal) were obtained from a cluster of two
cases, both with laboratory evidence of rhabdomyolysis;
two (one fresh and one cooked) were obtained from an
isolate case with high CPK levels; and the last two were
fresh samples obtained from a local fish shop where
some patients had purchased fish. Using multiple reac-
tion monitoring (MRM), samples were screened for the
presence of MS/MS transition ions characteristics of
isobaric palytoxin (p-PlTX) and its analogues, the ova-
toxins (OVTX), following a method adapted from Bris-
sard et al. (2015).14 In addition, sample toxicity was
evaluated using a 48-hour Swiss-mouse bioassay proto-
col for lipophilic biotoxins.15

Finally, potable water samples were collected at the
four water treatment stations that supply Salvador in
December 2016, and the samples were sent to the State
Central Laboratory of Pernambuco to test for cyanobac-
terial and cyanotoxins levels.16
Statistical analysis
Descriptive analysis included frequencies, medians, and
ranges or interquartile ranges. Fisher’s exact test was
used to compare the frequencies of potential risk expo-
sures between suspected cases with laboratory-con-
firmed rhabdomyolysis and suspected cases that did not
measure CPK levels; a significant difference was
defined by a two-tailed P-value <0.05. Attack rate for
individuals who ate fish related to the 2016-2017 Haff
disease outbreak was calculated by dividing the number
of cases simultaneously reporting fish ingestion and ful-
filling the case definition of suspected Haff disease by
the total number of subjects who ate fish related to
occurrence of one or more cases, multiplied by 100. For
this analysis, we considered as suspected Haff disease
cases those patients with increased CPK levels, or with
unmeasured CPK but with a fish meal shared with a
case exhibiting increased CPK levels.
Ethics statement
This investigation was performed as part of the routine
surveillance activities of Salvador CIEVS. All study par-
ticipants provided verbal consent before being inter-
viewed. Data analysis was performed using de-identified
data. The Swiss-mouse bioassay followed national stand-
ards for the care and use of animals in research, in accor-
dance with the protocol approved by the Ethical
Committee for Animal Use of Universidade do Vale do
Itaja�ı (CEUA−UNIVALI 047/11).
Role of the funding source
No specific funding source was required for completion
of this work, which was conducted with the support of
public institutions to which the authors are affiliated.
These institutions had no role in study design, data col-
lection, data analysis, data interpretation, or manuscript
preparation. All authors approved the manuscript
before submission.
Results

Outbreak investigation, 2016-2017
Clinical characteristics. Of 78 reported cases dur-
ing the 2016-2017 outbreak, 13 were excluded from the
investigation because of absence of myalgia (4 subjects),
normal CPK levels (6), medical assistance in another
city (2), or onset of symptoms in another city (1). Of the
65 cases investigated, 43 (66%) had laboratory-con-
firmed rhabdomyolysis, temporally distributed between
July 2016 and April 2017 (peak in December 2016)
(Figure 1A). Patients’ demographics and clinical charac-
teristics are described in Table 1. Despite the short
period of illness, disease severity was high, leading 88%
of confirmed cases to hospitalization, 26% to admission
to intensive care unit (ICU), and 7% to dialysis (Table 1).
Laboratory findings commonly observed among cases
with confirmed rhabdomyolysis are described in Table 2.
The highest CPK levels observed during the disease
course ranged from 291 to 113,639 U L�1 (median:
12,433 U L�1).

Reported patients who did not have CPK levels mea-
sured less frequently reported dark urine compared to
those with elevated CPK levels, and more frequently
reported arthralgia, headache, exanthema, pruritus, and
diarrhea (Table 1). In addition, their clinical outcomes
were much less severe: only 15% were hospitalized and
none required ICU admission or dialysis (Table 1), sug-
gesting that they had a milder form of Haff disease or,
most likely, their illness had another etiology.
Epidemiological risk exposure. The most fre-
quent epidemiological exposure among the rhabdomy-
olysis-confirmed cases was fish ingestion prior to
symptoms onset; 36 (84%) reported fish ingestion in
the previous 72 hours (Table 3). Of these 36 cases, 14
(40%) and 11 (31%) reported eating the saltwater fishes
“olho de boi” (Seriola sp.) and “badejo” (Mycteroperca
sp.), respectively, and four (11%) reported eating both.
Another five cases did not know the type of fish eaten,
one reported eating the freshwater fish “til�apia” (Tilapia
sp.), and one reported eating − 24 hours before symp-
tom onset − a local Afro-Brazilian food that might con-
tain fish by-products in its preparation.

Frequencies of potential risk exposure were similar
between reported cases with and without laboratory-con-
firmed rhabdomyolysis, except by the ingestion of fish
in the previous 24 hours, reported by 74% of the
www.thelancet.com Vol xx Month xx, 2021



Figure 1. Number of Haff disease cases detected during outbreaks in (A) 2016-2017 and (B) 2020-2021, according to epide-
miological week of symptom onset and laboratory status, Salvador, Brazil. Cases with and without laboratory-confirmed rhab-
domyolysis are those with raised CPK levels and those for which CPK levels were not measured, respectively.
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rhabdomyolysis-confirmed cases and 41% of the non-
confirmed cases (P = 0¢02) (Table 3). Of the 36 rhabdo-
myolysis-confirmed cases who reported eating fish
within 72 hours prior to the onset of symptoms, 34
remembered the time of fish consumption and the time
of symptoms onset, allowing estimation of a median
incubation period of 10 hours (IQR: 6-24 h). Of note, of
these 36 cases, 31 (86¢1%) prepared the fish at home,
two (5¢6%) consumed the fish in the home of relatives,
two (5¢6%) in restaurants, and one (2¢8%) on the beach.
Attack rate associated with fish consumption-
. By interviewing the rhabdomyolysis-confirmed cases,
we discovered whether other individuals had eaten the
same suspected fish or fish-based meal, and we con-
tacted these individuals to verify if they had developed
muscle pain. This allowed us to estimate the attack rate
associated with sharing a fish meal related to the out-
break at 55% (table 4). Noteworthy, 25 (69%) of the 36
confirmed cases with a history of prior fish ingestion
clustered into 12 groups, consisting of two to four sub-
jects who reported sharing the same fish meal (Table 4).
www.thelancet.com Vol xx Month xx, 2021
Laboratory investigation of patients with Haff
disease. As the laboratory assessment was performed
as part of an outbreak investigation, tests were not sys-
tematically performed on all patients. Reverse transcrip-
tion polymerase chain reaction (RT-PCR) for
enteroviruses was performed in the serum of 13 cases,
of which eight also had the test performed on stool sam-
ples. From those, 12 (92¢3%) serum samples and four
(50¢0%) stool samples tested positive (11 and three of
them with confirmed rhabdomyolysis, respectively).
However, viral isolation (culture in HEP-2 and RD cells)
was positive for enteroviruses in only one (11¢0%) of
eight stool samples and in none of the 13 serum sam-
ples. This single case with enterovirus-positive stool cul-
ture was a 10-year-old girl who had a maximum CPK
level of 851¢2 U L�1 but denied previous fish ingestion.
Blood and stool cultures were performed in five and
four of the 13 cases evaluated by RT-PCR for enterovi-
ruses, respectively, and all samples tested negative for
bacterial growth. Laboratory tests for cytomegalovirus,
Epstein-Barr virus, eritrovirus, and echovirus were per-
formed in samples from three patients with confirmed
rhabdomyolysis and all of them were negative.
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Characteristics Subjects with
laboratory-confirmed

rhabdomyolysis
(N = 43)

Subjects without
laboratory-confirmed

rhabdomyolysis
(N = 22)

Number/response (%) or median [IQR]

Demographics

Age, years 42 [30-62] 42 [32-51]

Female 22/43 (51) 16/22 (73)

Skin color

White 16/41 (39) 9/20 (45)

Mixed 14/41 (34) 6/19 (32)

Black 11/41 (27) 6/19 (32)

Clinical manifestations

Muscle pain 43/43 (100) 22/22 (100)

First affected region/

muscle

Trapezius 22/41 (54) 14/22 (64)

Lower limbs 6/41 (15) 2/22 (9)

Latissimus dorsal 2/41 (5) 0/20 (0)

Upper limbs 2/41 (5) 3/22 (14)

Abdomen 1/41(2) 1/22 (5)

Others 8/38 (21) 2/22 (9)

Dark urine 20/41 (49) 7/22 (32)

Muscle pain at touch 19/42 (45) 10/22 (46)

Dry mouth 13/42 (31) 8/22 (36)

Arthralgia 12/42 (29) 12/22 (55)

Headache 12/43 (28) 13/22 (59)

Dyspnea 11/42 (26) 7/22 (32)

Fever 5/42(12) 2/22 (9)

Vomit 5/42 (12) 3/22 (14)

Cough 5/42 (12) 4/22 (18)

Pruritus 4/42 (10) 8/22(36)

Retro-orbital pain 4/42 (10) 4/22 (18)

Diarrhea 4/42 (10) 7/20 (35)

Conjunctivitis 3/42 (7) 3/22 (14)

Adenopathy 3/42 (7) 2/22 (9)

Exanthema 2/42 (5) 7/22 (32)

Disease outcomes

Number of days of illness 3 [2-5] 3 [2-7]

Search for medical care a 42/43 (98) 15/22 (68)

Hospitalization 38/43 (88) 3/20 (15)

Intensive care unit

admission

11/43 (26) 0/21 (0)

Dialysis 3/42 (7) 0/22 (0)

Table 1: Demographic and clinical characteristics of suspected
Haff disease cases during an outbreak in Salvador, Brazil,
according to laboratory confirmation of rhabdomyolysis,
2016-2017 (N=65)

a One laboratory-confirmed rhabdomyolysis case did not seek for

medical care but performed CPK testing.
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Analysis of fish and water samples. Three sam-
ples of fish obtained from different clusters of suspected
cases were analysed to identify the fish species. Two
were identified as Seriola rivoliana (common names in
Brazil: “olho de boi”, “olhete-bacamarte” and
“arabaiana”). The third fish was identified as Bartholo-
maei carangoides (common names in Brazil: “garajuba”
and “xar�eu”).17 Although the reported case who con-
sumed B. carangoides had a clinical presentation and
epidemiological history compatible with Haff disease,
her unique CPK measurement was within normal lim-
its (56 U L�1), and she was ultimately excluded as a case
in this outbreak.

These three fish samples underwent further microbi-
ological analyses and were also tested for the presence
of ciguatoxin, yielding negative results in all cases. In
another fish sample, the concentrations of lead and cad-
mium were below the quantification limits (0¢08 and
0¢04 mg Kg�1) and the concentration of inorganic arse-
nic (48¢1 mg Kg�1) was below the safety limits for
human consumption.18 Finally, cyanobacterial and cya-
notoxin levels, as determined in 31 potable water sam-
ples collected in the four water treatment stations
supplying Salvador, were below regulatory levels accord-
ing to the current legislation in Brazil.16
Epidemiological surveillance, 2017-2019
Clinical characteristics. Following the 2016-2017
outbreak, Haff disease continued to be reported in Sal-
vador. In September 2017, a cluster of two couples who
developed myalgia after consumption of “olho de boi”
were reported, but it was not possible to confirm
whether they had increased CPK levels. One month
later, two cases − a mother and her son − with the high-
est CPK levels of 40,000 and 24,894 U L�1, respec-
tively, and a history of “olho de boi” fish consumption
were reported. In December 2017, a male with a history
of “badejo” fish consumption exhibited high CPK levels
(maximum of 18,717 U L�1). In September 2018, other
three cases were reported: a couple with the highest
CPK levels of 4,404 and 9,908 U L�1 and a history of
“badejo” fish consumption; and a woman with history
of consumption of an unknown fish (highest CPK level:
93,530 U L�1) who required intensive care support and
dialysis. In September 2019, a couple who developed
myalgia after consumption of "olho de boi” fish
required hospitalization with high levels of CPK
(29,998 and 26,743 U L-1).
Outbreak investigation, 2020-2021
Clinical characteristics. In 2020, during the
COVID-19 pandemic, there was a new increase in the
number of reported patients suspected of Haff disease
in Salvador: 21 patients (16 of them with laboratory-con-
firmed rhabdomyolysis) were detected between Septem-
ber 2020 and January 2021 (Figure 1B). The median
age for the 16 cases with laboratory-confirmed
www.thelancet.com Vol xx Month xx, 2021



Laboratory exam N Initial value Maximum value Normal rangea

Median (min-max)

CPK (U L�1) 43 1,369 (78¢0-62,654) 12,433 (291¢0-113,639) 30-170

AST (U L�1) 32 168¢5 (26¢0-1,325)) 316¢0 (40-2,403) 0-35

ALT (U L�1) 30 88¢5 (20¢0-683¢0) 156¢0 (20¢0-862¢0) 0-35

Creatinine (mg dL�1) 29 0¢7 (0¢3-8¢1) 0¢9 (0¢3-9¢7) 0¢7-1¢3
Urea (mg dL�1) 30 22¢5 (11-196) 30¢0 (11-227) 17-43

Total bilirubin (mg dL�1) 18 0¢7 (0¢3-1¢3) 0¢7 (0.5-1¢5) 0¢3-1¢2
Direct bilirubin (mg dL�1) 16 0¢3 (0¢0-0¢5) 0¢4 (0¢0-0¢7) 0-0¢3
Indirect bilirubin (mg dL�1) 16 0¢4 (0¢0-0¢8) 0¢5 (0¢0-1¢3) 0¢3-0¢9
Hemoglobin (g dL�1) 31 13¢3 (8¢8-17¢0) 14¢3 (31¢3-48¢6) 12-17b

Hematocrit (%) 29 39¢4 (26¢8-48¢6) 42¢0 (31¢3-48¢6) 36-51c

Leucocyte count (cells mm�3) 31 7,400 (1,777-24,400) 8,660 (1,770-24,400) 4,500-10,000

Platelets (x103 mL�1) 27 210 (130-278) 220 (130-398) 150-350

Table 2: Initial and maximal values for laboratory tests among suspected Haff disease cases with laboratory-confirmed rhabdomyolysis,
during an outbreak in Salvador, Brazil, 2016-2017 (N=43).

a Source: Normal laboratory values in healthy adults (https://www.msdmanuals.com/professional/resources/normal-laboratory-values/

normal-laboratory-values).
b Range for female: 12-16 g dL�1; Range for male: 14-17 g dL�1.
c Range for female: 36-47%; Range for male: 41-51%.

Exposures Subjects with laboratory-confirmed
rhabdomyolysis(N = 43)

Subjects without laboratory-confirmed
rhabdomyolysis(N = 22)

P value

Number/response (%)

Ingestion of fish (≤72 hours) 36/43 (84) 13b /22 (59) 0¢06
Ingestion of fish (≤24 hours) 32/43 (74) a 9/22 (41) 0¢02
Contact with animals (past 24 hours) 19/42 (45) 10/22 (46) 1¢00
Travel (past 7 days) 13/42 (31) 8/21 (38) 0¢77
Physical exercise (past 72 hours) 10/42 (24) 5/22 (23) 1¢00
Use of medications (past 48 hours) c 10/43 (23) 6/22 (27) 0¢95
Meal at restaurant (past 24 hours) 9/40 (23) 6/22 (27) 0¢90
Use of illicit drugs (past 24 hours) 3/42 (7) 1/21 (5) 1¢00
Contact with rainwater (past 24 hours) 1/42 (2) 1/22 (5) 1¢00
Vaccination (past 15 days) 0/42 (0) 0/21 (0) NA

Table 3: Frequency of epidemiological exposures of suspected Haff disease cases during an outbreak in Salvador, Brazil, according to the
presence of laboratory-documentation of rhabdomyolysis, 2016-2017 (N=65)
NA: Not available.

a The group laboratory-confirmed rhabdomyolysis cases included one patient who reported, within 24 hours before the symptoms onset, ingestion of

Afro-Brazilian food, which might have fish by-products in its preparation.
b The group without laboratory-confirmed rhabdomyolysis cases included one subject who reported consuming fish, but was unable to determine the

timing before symptoms onset. We considered this case as having eaten fish in the past 72 h before symptoms onset, but not in the past 24 hours.
c Medications: ketoprofen, losartan, levothyroxine, olmesartan, pantoprazole, amlodipine besylate, aululpride, D-vitamin, statin, sulfamethoxazole-

trimethoprim, metoprolol succinate, orphenadrine, and acetylsalicylic acid.
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rhabdomyolysis was 56¢5 (min-max: 26-89) years. The
median of the first and the maximum CPK measure-
ments were 11,766 (min-max: 500 to >100,000) U L�1

and 26,246 (min-max: 500 to >100,000) U L�1, respec-
tively. Darkness of urine was reported by nine (56%) of
the 16 patients with increased CPK levels. All 16 cases
received medical care, five (31%) required UCI admis-
sion, none had dialysis, and one (6%) died. Fifteen
(94%) of them reported fish consumption before symp-
toms onset (14 developed symptoms within the first 24
www.thelancet.com Vol xx Month xx, 2021
hours after fish consumption; median time: 10 (min-
max: 2-48) hours). “Olho de boi” was the most frequent
ingested fish, reported by six (46%) of 13 cases who
informed the type of consumed fish.
Investigation of palytoxin-like compounds in
fish samples. Six samples of “olho de boi”, four of
them consisting of in natura fish and two of cooked fish
meals (fish stew), related to some of the Haff disease
7
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Cluster Number of Haff disease suspected
cases among clusters of people

sharing a fish meal a

Number of Haff disease suspected
cases and their

contacts sharing a fish meal b

Attack rate (%)

A 4 4 100

B 2 4 50

C 3 7 43

D 2 2 100

E 3 6 50

F 3 8 38

G 4 4 100

H 2 4 50

I 2 2 100

J 2 11 18

K 2 5 40

L 2 2 100

M 1 4 25

N 1 2 50

O 1 2 50

P 1 5 20

Q 1 5 20

R 1 2 50

S 1 2 50

T 1 2 50

U 1 1 100

V 1 2 50

X c 1 1 100

TOTAL 42 87 55

Table 4: Attack rate of Haff disease among clusters of individuals who reported ingestion of a same fish as a case during the 2016-2017
outbreak in Salvador, Brazil.

a Of the 42 Haff disease suspected cases, 36 had laboratory-confirmed rhabdomyolysis and 6 did not have the CPK level measured, but belonged to a

cluster that had at least one laboratory-confirmed cases.
b Number of Haff disease cases and case contacts sharing a fish meal in the past 72h that was related to Haff disease cases occurrence.
c This patient reported ingestion of an afro-brazilian food that might contain fish by-products within 24 h before symptoms onset. Because we cannot

guarantee that he consumed fish, we performed a sensitive analysis, removing him from the attack rate calculation. The attack rate estimated in this sensitive

analysis (48% (41/86)) did not differ substantially from the one average attack rate shown in the table.
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cases detected in 2020, were screened for the presence
of palytoxin-like compounds. Traces of MS/MS transi-
tion ions characteristics of isobaric palytoxin (PlTX),
OVTX-a, OVTX-b, and OVTX-d were detected in both
samples of cooked fish. Aliquots from all six samples
were tested in mouse bioassays, challenging groups of
three to four Swiss mice. Only one sample of raw fish
caused the death of one animal (from a group four chal-
lenged animals) within 12-24 hours following intraperi-
toneal injection. Even though, all other tested animals
were fully recovered after 48 hours and no detectable
levels of isobaric PlTX or OVTX were found by LC-MS/
MS in the sample associated with the single mouse
death.
Discussion
Our study provided detailed clinical characterization of
Haff disease cases, identified fish consumption within
24 hours of symptoms onset as an associated risk expo-
sure, estimated disease attack rate after ingestion of a
fish related to the occurrence of cases in 55%, implicated
the saltwater fish species S. rivoliana as the likely source
of contamination, and detected palytoxin-like com-
pounds in fish specimens consumed by some of the
cases, suggesting that they may play a role in disease
pathogenesis.

Because Haff disease clinical presentation is not spe-
cific and some patients evolve with milder symptoms,
we may have lost detection of additional cases who did
not seek medical care or who were misdiagnosed for
other diseases. Conversely, we cannot rule out that
some of the suspected cases, especially those without
CPK measurement, had another cause of myalgia, such
as infection by dengue, chikungunya, or Zika viruses,
which have been concomitantly transmitted in Salvador
since 2015,19-21 or epidemic myalgia22 caused by entero-
viruses, such as echovirus 22 and 23, or by human pare-
choviruses (HPeV).23 In addition, we cannot discard
that some cases with elevated levels of CPK, but denying
fish ingestion, had another etiology for the rhabdomyol-
ysis (e.g., leptospirosis).
www.thelancet.com Vol xx Month xx, 2021
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In a previous case-series, comprising the first 15
cases detected during the 2016-2017 Haff disease out-
break in Salvador,8 RT-PCR analyses were run for chi-
kungunya and Zika viruses, as well for enteroviruses
and Parechovirus. All tested samples yielded negative
results for most viruses, except enterovirus, for which
non-specific products were amplified in four samples,
but not confirmed after gene sequence analysis.8 Dur-
ing the current investigation, additional testing for
enterovirus was performed. Although 16 of 21 samples
of serum or faeces had been RT-PCR-positive for entero-
virus, only one stool sample out of 21 faeces or serum
sample undergoing viral isolation tested positive.
Besides the discrepancy in the positivity for enterovirus
between the RT-PCR and both the cell culture and gene
sequencing,8 the clinical characteristics of our patients
were not compatible with typical enterovirus infections.
Moreover, the association with fish ingestion after cook-
ing, which should kill viral pathogens, also suggests
that an enterovirus was not the etiology for the cases
described.

Ingestion of cooked seafood products 24 hours
before symptoms onset has been identified as the cul-
prit for Haff disease, with incubation periods generally
ranging from 6 to 8 hours.24 During the 2016-2017 out-
break, 84% of the laboratory-confirmed cases reported
fish ingestion 1 to 72 hours before initiation of symp-
toms (74% within 24 hours). During the 2020-2021
outbreak, 94% of the confirmed cases reported fish con-
sumption 2 to 48 hours before symptoms onset (93%
within 24 hours). The longer interval between fish
ingestion and symptoms onset that we observed in
some cases is likely due to erroneous recall and misin-
formation, because it was not always possible to inter-
view the cases within a few days after disease onset.
Noteworthy, by tracing unreported individuals who had
shared a fish meal with a confirmed case, we could esti-
mate the average risk of Haff disease development after
sharing a fish meal related to Haff disease occurrence to
be around 50%. Variations in the number of subjects
involved in outbreaks are often reported in seafood-
borne natural toxin poisoning6,25,26 and may be related
to individual susceptibility or to inoculum dose. To date,
only a few studies performed in China have attempted
to estimate the attack rate of Haff disease among indi-
viduals who ate fish or crayfish meals implicated in the
occurrence of cases.6,27,28 Thus, further outbreak inves-
tigations should also assess disease attack rate.

Most of the Haff disease cases detected reported eat-
ing either “olho de boi” (Seriola sp.) or “badejo” (Myctero-
perca sp.). Genetic testing in fish samples obtained from
two cases with laboratory evidence of rhabdomyolysis
confirmed that “olho de boi” (S. rivoliana) was truly asso-
ciated with the outbreak. “Olho de boi” had also been
implicated as the origin of the disease by a couple who
initiated myalgia within a few hours after consuming a
fish bought during a travel to the northeast of Brazil.29
www.thelancet.com Vol xx Month xx, 2021
However, we cannot rule out the involvement of “badejo”
(Mycteroperca spp.) in cases that occurred in Salvador, as
only a small number of fish samples underwent genetic
testing to define the species. “Olho de boi” and “badejo”
are both carnivorous species and prey upon fish, crusta-
ceans and mollusks living in offshore areas.

The sudden-onset of myalgia after consumption of
cooked (or sometimes uncooked) fish or crayfish, and
the resolution of the muscle pains within a few days fol-
lowing symptoms onset is highly suggestive of a disease
pathogenesis involving ingestion of preformed, heat-sta-
ble toxins present in the fish.2,3,30 It has been postulated
that Haff disease may be due to poisoning by paly-
toxin24 accumulated in seafood. Palytoxin and its ana-
logues are extremely potent and complex non-protein
toxins, produced by marine dinoflagellates of the genus
Ostreopsis, by zoanthids (i.e., Palythoa), and possibly by
cyanobacteria of the genus Trichodesmium,31 all vastly
distributed in tropical and subtropical waters,32,33

including the coast of Brazil. Palytoxin-like compounds
have been associated to human poisoning episodes,
including fatal cases,34 even though their detection in
seafood samples implicated in poisoning outbreaks is
scarce so far. This may be explained by the difficulty in
obtaining specimens to test, as well as by the lack of lab-
oratory capabilities for proper investigation in most
areas. Conversely, several previous studies evaluating
samples of seafood consumed by Haff disease cases
failed to detect different biotoxins, regardless of the test
used.2,23,35,36

We analysed fish samples obtained from six cases
reported in 2020. Detectable levels of isobaric palytoxin
and ovatoxins were found in two cooked fish samples,
but not in four in natura fish samples. In contrast, sam-
ples from three fishes collected during the 2016 out-
break were negative for the presence of ciguatoxins
(produced by the dinoflagellate Gambierdiscus spp.), as
well as pathogenic microorganisms and metals. Fur-
thermore, cyanobacteria and cyanotoxins were not pres-
ent at unsafe levels in potable water from main
Salvador’s suppliers. Altogether, these findings give
support to the hypothesis that palytoxins are the most
likely toxic agent linked to the development of Haff dis-
ease in Salvador.

Before the 1990s, most cases of Haff disease were
described in Eastern Europe and Sweden.3 But since
then, cases have been increasingly reported in other
countries, especially China, the United States of Amer-
ica, and Brazil. Given that fish and seafood production
has greatly increased in recent decades worldwide (from
<40 million tons in 1961 to >150 million tons in
2013)37 and that per capita consumption of fish and sea-
food has followed the trend (increasing from 9 kg per
capita per year in 1961 to 19 kg per capita per year in
2013),38 we can speculate that the number of Haff dis-
ease cases will continue to grow. However, social and
cultural aspects have an important influence on
9
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regional consumption of fish and seafood. For exam-
ple, in North, Central and South America, per capita
consumption of fish and seafood was 21.6 kg, 9.1
kg, and 10.3 kg per year in 2013, respectively (in Bra-
zil, it ranged between 9.0 kg and 10.9 kg per year
between 2013 and 2017).38 Furthermore, the clinical
manifestations of Haff disease are very nonspecific,
requiring medical astuteness to suspect the diagno-
sis. Thus, it is likely that cases are reported more fre-
quently in regions were consumption of fish and
seafood is higher and where physicians are more
familiar with the disease, such as in places where
cases have already been detected. Because of the
recent Haff disease outbreaks in the United States of
America and Brazil, it is necessary to strength health
surveillance and medical training for detection of
Haff disease in American countries.

Despite the study limitations (i.e., underreporting
or case misclassification; absence of a comprehensive
diagnostic evaluation to discard other potential dis-
ease aetiologies for every case; only a small number
of cases had remaining portions from the consumed
fish for testing), our long-term surveillance and out-
break investigations provided novel insights in the
understanding of Haff disease epidemiology and
pathogenesis. Haff disease should be considered as a
cause of rhabdomyolysis for all patients with symp-
toms onset within 24 hours of fish consumption. As
there are no laboratory tests available for the diagno-
sis of Haff disease, a high level of medical suspicion
is required, based on clinical, epidemiological and
laboratory parameters. All suspected case must be
reported to health authorities and local outbreak
investigations must be carried out, as sporadic cases
are relatively rare.
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