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Abstract

We report on histamine fish poisoning outbreaks
in Australia from 2001 to 2013. Histamine fish
poisoning results from the ingestion of histamine
contained within the flesh of certain fish species
that naturally contain histidine, which has been
converted to histamine by spoilage bacteria fol-
lowing poor handling or temperature control after
harvesting. While symptoms vary, allergic symp-
toms such as facial flushing, headaches and rashes
are frequently reported. Using the OzFoodNet
outbreak register, published case reports and
surveillance reports, we found data on 57 out-
breaks of histamine fish poisoning, which affected
187 people, of whom 14% were hospitalised.
There were no deaths reported. Outbreaks were
generally small in size, with a median of 2 cases
per outbreak (range 1 to 22 people), with 88%
of outbreaks comprising less than 5 people. Tuna
(in the family Scombridae) was the most frequently
reported food vehicle, while 18 outbreaks involved
non-scombridae fish. Median incubation periods
among the outbreaks were short; being less than
1 hour for 22 outbreaks. The most frequently
reported symptoms were diarrhoea and rash.
Symptoms of facial/body flushing were reported
for at least one case in 19 outbreaks and tingling,
burning or swelling of the skin, especially around
the lips for at least 1 case in 13 outbreaks. In
3 outbreaks, one or more cases were reported to
have had respiratory distress or difficulty breath-
ing. While the condition is often mild, improved
recognition and appropriate treatment is impor-
tant, as it will reduce the possibility of any severe
health effects resulting from this condition. Key
features of histamine fish poisoning outbreaks are
the high attack rate, rapid onset, the typical symp-
toms and their short duration. Commun Dis Intell
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Introduction

Scombroid (or histamine fish) poisoning derives
its name from the family of dark fleshed fish, or
Scombridae (tuna and mackerel), with which it
was first associated.! The illness is a chemical
intoxication that occurs after the ingestion of bac-
terially contaminated fish that contain high levels
of histamine.” * Non-scombroid fish with relatively
high levels of naturally-occurring histidine in their

flesh, including mahi-mahi (dolphinfish), sword-
fish, salmon, sardines and marlin have since been
implicated, thus the disease is now more accurately
described as histamine fish poisoning.” *

Symptom onset is rapid, usually within minutes to
a few hours after consumption of the implicated
fish.’> Symptoms may vary for different individu-
als depending on underlying medical conditions
and medications but can include flushing of the
face, neck and upper arms, oral numbness and/or
burning, metallic taste, headache, itchy rash, hives,
nausea, vomiting, diarrhoea and difficulties swal-
lowing. The illness is generally self-limiting and
recovery usually occurs within 24 hours. When
required, antihistamines are used to treat symp-
toms.” There have been reports of more severe
presentations including hypotension, tachycardia,
palpitations, respiratory distress and shock,”®’ with
a report of histamine fish poisoning leading to
asthma exacerbation."

There are 3 elements that are required for hista-
mine fish poisoning to occur. Firstly, the fish must
have high levels of free histidine present. Secondly,
certain bacteria that produce the enzyme histidine
decarboxylase, particularly Morganella morganii,
Klebsiella pneumoniae or other Enterobacteriaceae
must be present in the fish."! This enzyme is
responsible for the conversion of histidine to
histamine."” Lastly, there must be some form of
inappropriate handling or temperate abuse that
allows the multiplication of these bacteria and
thus the production of histamine. As histamine
is heat stable, cooking does not reduce the risk of
illness."” The Food Standards Code states that the
level of histamine in fish and fish products must

not exceed 200 mg/kg."

Diagnosis of histamine fish poisoning is usually
based on the short onset time, clinical symptoms
(including resolution of symptoms following
appropriate treatment), and a history of consump-
tion of fish. Occasionally, leftover fish can be col-
lected and tested for high levels of histamine.

In the United States of America (USA), histamine
fish poisoning accounted for 7.6% of all foodborne
illness outbreaks and 38% of those specifically
seafood-related based on USA foodborne illness out-
break data from the Center for Science in the Public
Interest from 1990 to 2003." There were 223 out-
breaks of histamine poisoning, affecting 865 people
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in the US between 2000 and 2007.” Combining
this with USA poison control centre data from the
National Poisoning Data System for 2005 to 2009,
and using a model to similar to Scallan et al.,'® they
estimated that there are 35,142 histamine fish poi-
soning cases annually in the USA.

Histamine poisoning is not notifiable in any state
or territory in Australia; hence there is very lim-
ited data available on the incidence of this illness.
Public health data collected on histamine poison-
ing is usually derived from outbreak investigations
in those jurisdictions in which two or more cases of
suspected foodborne illness is notifiable. Based on
data circa 2000, OzFoodNet estimates that there
are approx1mately 280 cases of histamine fish poi-
soning annually in Australia.””

Few outbreaks and cases of histamine fish poison-
ing occurring in Australia prior to 2001 have been
reported in the literature. An outbreak related
to tailor fish was reported in 1985,"® an outbreak
related to a tuna dish served at a restaurant with
two cases was reported in 1993 and 2 separate
outbreaks involving a total of 7 cases related to
West Australian salmon cooked in 2 private homes
were reported in 1992.”" This study represents the
first published analysis of national histamine fish
poisoning cases. We aimed to describe the epide-
miology of histamine fish poisoning cases between

2001 and 2013.

Methods
Study type

We conducted a retrospective descriptive case series
analysis of outbreaks and single cases of histamine
fish poisoning that occurred in Australia between

2001 and 2013.
Case definition

Outbreaks and single cases where histamine fish
poisoning (or scombroid) was listed as the suspected
or confirmed aetiology and where onset of the first
case (or the single case) occurred during the period

2001 to 2013 were included in the analysis.
Data collection

Data were collected from 3 different sources: pub-
lished literature, the OzFoodNet outbreak register
and OzFoodNet fortnightly enteric surveillance
reports. These latter 2 sources are not publically
available.

The details of histamine fish poisoning cases
or outbreaks identified through the literature or
fortnightly enteric surveillance reports but not

recorded in the outbreak register were confirmed
with OzFoodNet epidemiologists in the state or
territory where the outbreak occurred. A prelimi-
nary report was obtained for 1 outbreak that had
not yet been entered into the outbreak register. A
single outbreak that was reported in the literature
but not included in the OzFoodNet outbreak reg-
ister was also included.” For the purposes of the
analysis, single cases of histamine fish poisoning
were treated as outbreaks.

Data were summarised by the number of out-
breaks, number affected, median incubation
period, the range of reported symptoms and those
most commonly reported, whether cases required
hospitalisation or other medical treatment, the
food vehicles involved and levels of contamina-
tion in the foods, the settings where the food was
cooked and the factors contributing to the foods
involved in the outbreaks becoming contaminated.
For the purpose of the analysis, the setting was
defined as the place where the food was cooked.
Analyses were carried out in Microsoft Excel®.

The year and month of onset was calculated from
the date of onset of symptoms for the first case in
the outbreak, known as the onset date.

Human research ethics approval

Human research ethics committee approval was
not sought or required because the information
about outbreaks was collected under state and ter-
ritory public health legislation, and this analysis
is consistent with the purpose for which the data
were collected.

Results
Epidemiological features

There were 57 outbreaks of histamine fish poison-
ing in Australia between 2001 and 2013 (Figure)
(Appendix). Nine of these were incidents involving
a single person. The OzFoodNet outbreak register
contained information on 41 of these outbreaks,
while a further 14 were identified through the
fortnightly enteric disease surveillance reports, one
through an OzFoodNet Epidemiologist sending in
a preliminary outbreak summary and one through
a published outbreak summary.”! Clinically com-
patible illness was reported by 187 people, with
90 people requiring treatment from a medical
practitioner, including 27 people (14%) in 13 out-
breaks who required hospitalisation. There were
no reported deaths.

Outbreaks were generally small in size, with
a median of 2 cases per outbreak (range 1 to

22 people), with 88% of outbreaks (50/57)
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comprising less than 5 people. Attack rates were
high, with 35% of people (105/299) who were
known to have consumed the foods becoming
ill. Attack rates were between 80% and 100% for
the outbreaks for which an attack rate could be

calculated (n=18).

All states and territories except Western Australia
reported at least one outbreak. Outbreaks occurred
in all years except 2002, and there was no clear
seasonal trend, although February was the most
frequent month of onset (11/57 outbreaks).

Median incubation periods for the outbreaks were
short; being less than 1 hour for 39% (22/57) of
outbreaks. In five of these, the median incuba-
tion period was reported to have been 15 minutes
or less. In the remaining 35 outbreaks; 19 had a
median incubation period of 1 hour and seven
had a median incubation period of between 2 and
4 hours while the median incubation period was
unknown or not provided for 9 outbreaks.

Frequency data for symptoms experienced by cases
was not reported for all outbreaks, and the range
of symptoms reported varied across outbreaks. For
those cases where information of symptoms were
available, the most frequently reported symptoms

were diarrhoea (78%, 68/87) and rash (77%, 65/84),
while nausea, vomiting, fever and abdominal pain
were each reported for approximately half of the

cases (between 43% and 56%) (Table 1).

Additional information about symptoms were
recorded for some outbreaks in a free text com-
ments field. Symptoms reported in this field
included facial/body flushing (19 outbreaks),
skin-related symptoms (tingling or burning or
swelling of skin especially around the lips, but also
fingers) (13 outbreaks), headache (10 outbreaks)
and cardiac symptoms (racing heart or palpitations
or tachycardia or bradycardia) (10 outbreaks). Four
cases were reported to have had respiratory distress

or difficulty breathing.
Exposure settings

Outbreaks were most commonly associated with
foods prepared in restaurants (47%, 27 outbreaks)
and private residences (35%, 20 outbreaks). A
small number of outbreaks were associated with
foods that were commercially manufactured (5%,
3 outbreaks) (Table 2). The 3 commercially manu-
factured foods were tinned tuna (2 outbreaks) and
anchovies (1 outbreak).

Figure: Outbreaks of histamine fish poisoning, Australia, 2001 to 2013, by year and state or
territory, and inset: outbreaks of histamine fish poisoning between 2001 and 2013, by month'
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Table 1: Frequency data for symptoms reported for cases in outbreaks of histamine fish

poisoning, Australia, 2001 to 2013

Proportion of cases
reporting symptom

Number of outbreaks | Number of cases with | Number of cases with i
Symptom with information symptom information available %
44 68 87 78

Diarrhoea

Rash 45 65 84 77
Nausea 41 35 62 56
Vomiting 42 14 28 50
Fever 41 23 49 47
Abdominal pain 41 20 a7 43

Table 2: Food vehicles involved in outbreaks of histamine fish poisoning, Australia 2001 to 2013,

by setting where the food was cooked

Private Commercially Commercial
Food vehicle Restaurant | residence | manufactured caterer Total
12 13

Tuna 2 2 0 1 2 32
Mabhi-mabhi 7 1 0 0 0 0 8
Yellowtail kingfish/ 3 0 0 0 0

kingfish

Fish-unknown 2 1 0 0 0 0 1 4
species

Butterfish/ 1 0 0 0 1 0 0 2
rudderfish

Seafood marinara 1 0 0

Seafood extender 0

Seafood — 1 0 1
unknown

Sardines 0 1 0 0 0 0 0 1
Mullet 0 1 0 0 0 0 0 1
Marlin 1 0 0 0 0 0 0 1
Anchovies 0 1 0 0 0 0 0 1
Total 27 20 2 2 1 1 4 57

Suspected food vehicles

Tuna (in the family Scombridae) was the most
frequently reported food vehicle (57%, 32 out-
breaks) (Table 2), while 18 outbreaks involved
nonScombridae fish, including mahi-mahi (14%,
8 outbreaks) and yellowtail kingfish, or kingfish
(7%, 4 outbreaks). Levels of histamine in the
foods associated with illness were reported for
24 outbreaks. Unacceptable levels of histamine
(>200 mg/kg) were confirmed in the fish or sea-
food samples during 16 (28%) outbreak investiga-
tions, ranging between 270 mg/kg and 7,000 mg/
kg (Appendix). In 6 outbreaks, the food was not
considered to have been epidemiologically impli-
cated. For 1 further outbreak, foods were stated to
have been positive for histamine, but levels were
not stated, and for another outbreak, histamine

levels were reported to be high, but levels were
not stated. For 4 outbreaks, results for multiple
samples were available, and the levels of hista-
mine in the seafood varied widely between sam-
ples, for example, ranging between 160 mg/kg and
5,100 mg/kg for samples taken during 1 outbreak

investigation.

The source countries for the fish products
involved in the outbreaks were rarely reported.
In 6 outbreaks, the foods involved were thought
to have been imported from overseas. Five of
these involved foods imported from Indonesia
(4 were tuna and 1 was mahi-mahi) and 1 out-
break involved tinned anchovies imported from
Morocco. Two further outbreaks involved canned
tuna, but the country of origin of the tuna was
not specified.
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Possible factors contributing to contamination

Possible factors contributing to the production of
toxics levels of histamine in the food were collected
systematically for the 41 outbreaks reported in the
OzFoodNet outbreak register, while descriptions
of possible process failures were also available for
eight of these. No information on contributing fac-
tors was available for the 16 outbreaks (including
the 9 incidents involving a single person) that were
identified from sources other than the outbreak
register. In two-thirds of the outbreaks (66%, 27/41),
investigators reported that inadequate refrigeration,
or foods being left at room temperature contributed
to toxin production, but this was only confirmed by
visual observation for one of the outbreaks.

Discussion

This study represents the first national analysis of
histamine fish poisoning cases in Australia. Over
the study period, there were 57 outbreaks affecting
187 people, of whom 14% required hospitalisa-
tion. The outbreaks reported here are similar to
the number reported internationally. In the USA
between 2000 and 2007, there were 223 outbreaks
of histamine fish poisoning affecting 865 people
In Europe, 34 outbreaks of histamine fish poison-
ing were reported in 2012, with a total of 241 cases,
of which 14 were hospitalised.” France and Spain
contributed 68% of the cases.”

The small size of the outbreaks precluded more
detailed analysis of the association between food
and illness. However, the descriptive epidemiol-
ogy of the outbreaks did contribute to identifying
linked cases with a common food exposure. The
foods involved in the outbreaks reported here were
most frequently Scombridae fish (tuna), but the
consumption of other fish species (mahi-mahi)
were shown to also be important causes of hista-
mine fish poisoning.

Where histamine levels in the foods associated with
illness were reported, two-thirds contained a con-
centration of histamine that exceeded the acceptable
level under the Food Standards Code," however,
there were 7 outbreaks where the histamine con-
centrations were below the maximum acceptable
levels. Bartholomew et al. noted that some people
displayed clinically compatible symptoms of his-
tamine fish poisoning after consuming fish with
levels of <200 mg/kg.” The toxic dose threshold for
histamine in food is unknown, though factors such
as the part of the fish eaten and individual suscepti-
bility may increase the toxic effect.®

The most frequent setting involved in the outbreaks
was restaurants. This is similar to outbreaks reported

for Europe in 2012, where 50% of outbreaks were

from this setting. In contrast, only 12% of European
outbreaks were reported from private homes.”” The
point at which the fish became contaminated, or at
which histamine levels in the flesh began to increase
cannot be determined from the data presented here,
because data are presented by the place where the
food was cooked. Once histamine is formed, appro-
priate handling, and even canning will not reduce
the risk of health effects in consumers, as it is heat
stable. This is demonstrated through the outbreaks
reported here, with 3 outbreaks involving canned

fish.

Hospitalisation information for histamine fish
poisoning outbreaks is likely to underestimate the
proportion of illnesses that might be considered
serious. Investigators report that cases frequently
present to emergency departments (Jennie Musto
personal communication), but emergency depart-
ment presentations are not counted within the
number hospitalised. It is important to note that
emergency department presentation is not always
an indicator of severity, but may also reflect the
time of day (when GP surgeries are closed) or
economic reasons.

While the data presented here contained little
detail on the possible factors leading to contami-
nation, the most important contributing factor
to histamine poisoning is known to be improper
refrigeration of the harvested fish, which enables
bacterial proliferation.”” Rapid chilling of fish
immediately after they are caught will reduce the
risk of histamine formation. It is important that
adequate temperature control is maintained from
harvesting of fish throughout the wholesale and
retail chain to the plate.

A comparison between the number of people
affected per year as reported here (14.4 cases per
year) and OzFoodNet estimates of annual case
numbers (280 cases),” suggests that the cases
reported in this study represent only 5% of cases
occurring in the community each year. The out-
breaks reported here were small in size, but it
1s possible that other cases associated with con-
sumption of the same foods were not reported. A
range of factors may contribute to the small size
of reported outbreaks, or to outbreaks not being
reported. Symptoms of histamine fish poisoning
may often be mild, non-specific, and may resolve
quickly and without treatment, and therefore
the symptoms may be misdiagnosed or missed
altogether, and medical attention may not be
sought. The lack of a laboratory test to confirm
current or recent histamine fish poisoning
further reduces case ascertainment. Histamine
fish poisoning is not a separately notifiable
condition in Australia, and thus cases may only
be reported when an outbreak is known to have
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occurred. In the USA, where it is estimated that
for every histamine fish poisoning case reported
within an outbreak there are 317 cases in the
community, underreporting of histamine fish
poisoning cases still occurs, even in states where
reporting of single cases is required.”

The increasing importance of international trade
in food products can lead to increased risks of
foodborne illness. OzFoodNet reports 2-3 out-
breaks each year involving foods imported into
Australia.”* Six of the outbreaks in this study
involved imported foods, five of them associated
with tuna from Indonesia.

Conclusion

This is the first published national analysis of
cases of histamine fish poisoning in Australia.
Although typically a mild manifestation, hista-
mine fish poisoning can result in more severe
outcomes, including hospitalisation. A combi-
nation of factors including people not seeking
medical care, misdiagnosis, and underreporting
results in the true burden of this disease remain-
ing unknown.
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