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Scombrotoxin

Histamine (scombroid) seafood poisoning can result from eating spoiled fish,
usually, although not exclusively, of the families Scombridae and
Scomberesocidae, which include mackerel and tuna. In New Zealand, this
type of food poisoning is most commonly reported from kahawai, which is in
the Arripidae family. These fish species are more frequently associated with
scombroid fish poisoning than others because their flesh contains higher
levels of the naturally occurring amino acid, histidine. The conversion of
histidine to histamine by bacteria and the subsequent consumption of fish
containing high histamine levels causes the illness. ‘Temperature abuse’ of
fish is generally required before significant histamine levels develop in fish.
Once produced, histamine is heat stable so processing such as hot-smoking,
cooking or even canning will not remove it from the flesh.

The disease - scombroid poisoning
(histamine poisoning)

Scombroid poisoning (histamine poisoning) is caused by the ingestion of
foods that contain high levels of histamine and possibly other vasoactive
amines and compounds. Symptoms mimic an acute IgE-mediated food
allergy. Early symptoms may include a tingling or burning sensation in the
mouth, a rash on the upper body and a drop in blood pressure. Headaches
and itchy skin are common. The symptoms may progress to nausea,
vomiting, and diarrhea. Sufferers may require hospitalisation, particularly the
elderly or those with existing health conditions.

Symptoms occur very rapidly, from immediately to 30 minutes after eating
contaminated fish. They usually subside between 3 and 24 hours after
consumption, but may last several days.

While rarely fatal, the condition can be very distressing, with individuals often
requiring medical consultations and occasionally hospitalisation.

Symptoms vary between individuals exposed to the same dose of histamine
in contaminated fish. Some individuals react to relatively low levels of
histamine, while in others high doses fail to provoke symptoms. Given the
magnitude of under-reporting of gastrointestinal illness experienced in the
community, and the fact that many individuals do not consult a doctor due to
the self-limiting nature of the illness, many cases are probably never reported
to the public health authorities.
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3 Incidence in New Zealand

In New Zealand most occurrences of scombroid poisoning result from eating
contaminated smoked fish. Hot smoked kahawai (Arripis trutta) is frequently
implicated (Table 1). This species has also been implicated in outbreaks of
scombroid fish poisoning in Australia where it is known as Australian salmon.

Table 1. Auckland scombroid outbreaks linked to hot-smoked kahawai

2001-02*,
Number of Histamine level

Number of Outbreak fish linked in kahawai
Date of outbreak cases status samples (mg/kg)
31/8/01 2 Probable None -
03/01/02 5 Probable None -
03/01/02 5 Confirmed 2 190 - 985
13/05/02 2 Confirmed 2 1700 - 2100
6/12/02 to 8/12/02 4 Probable None -
5/12/02 to 8/12/02 16 Confirmed 9 200 - 3940

* for the greater Auckland region and reported to Auckland Regional Public Health

4 Associated foods

Fishery products that have been implicated in scombroid poisoning in New
Zealand include tuna, kahawai, kingfish, mackerel, mullet and trevally. Other
foods, such as cheese and wine, have also had toxic effects. The primary
cheese involved has been Swiss cheese.

5 Conditions for histamine production

Histamine and other amines are formed during the growth of certain bacteria
that produce decarboxylase enzymes. Histidine decarboxylating bacteria can
be present in the normal microflora of live fish. However, most of the bacteria
that cause histamine spoilage result from contamination on fishing vessels or
in processing plants.

Because most of the common histamine producing bacteria are mesophiles it
is unlikely that high levels of histamine will occur unless the fish are
‘temperature abused’. In experiments carried out by Crop & Food Research
scientists, a New Zealand species known to cause histamine poisoning
(kahawai) was held at different temperatures to determine the level of
‘temperature abuse’ necessary to cause high histamine concentrations.
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Although elevated levels of histamine (>200 mg/kg) were induced in kahawai
stored at temperatures between 20 and 35°C, they only occurred after more
than 15 hours at these temperatures. At 15°C it took more than 24 hours for
histamine levels to exceed 100 mg/kg. Further, elevated histamine levels only
occurred after the bacteria had entered the stationary growth phase with total
bacterial counts at 35°C exceeding 10° cfu/g. From these trials it appeared
that fresh kahawai only become a hazard when subjected to very poor
handling procedures.

In general, while histamine producing bacteria are capable of growing over a
wide temperature range, their rate of growth and subsequent histamine
production is faster at temperatures greater than 20°C than at temperatures
around 7°C. One scientific paper reports that the optimum temperature for
the development of histamine by toxigenic bacteria, particularly Morganella
morganii, is around 25°C, with histamine production being halved at 15°C
and ceasing at 4°C. Therefore, while there is the possibility of histamine
being produced under conditions of moderate temperature abuse, elevated
histamine concentrations in fish are more usually the result of high
temperatures rather than exposure to relatively low temperatures over
sustained periods.

The enzyme histidine decarboxylase can be active at refrigeration
temperatures, so even if the bacteria are not active the enzyme can continue
to convert histidine to histamine. The enzyme is likely to remain stable in the
frozen state and to be reactivated very rapidly after thawing. Both the enzyme
and the bacteria that produce it can be inactivated by cooking. After cooking,
recontamination of the fish with histamine-forming bacteria must occur before
more histamine is formed. However, it is temperature abuse of raw, unfrozen
fish that has been implicated in most reports of scombroid poisoning.

Histamine in fish

Most of the bacteria that subsequently cause histamine spoilage problems
seem to be due to post-catch contamination of the fish, from fishing vessels
or processing plants. The types of bacteria associated with histamine
development are also common in the marine environment and can naturally
occur in the gills, skin and within the gut of marine fish. On death, the natural
defence mechanisms of the fish can no longer inhibit bacterial growth and
this, coupled with an increase in temperature, can lead to a rapid increase in
bacteria numbers. During filleting, the bacteria can spread to the flesh of the
fish.

Some harvesting practices, such as long-lining or set netting, can result in the
death of the fish before it is removed from the water. Therefore, histamine
formation may be underway before the fish is harvested and the warmer the
water, the faster this process happens. Contamination can be a problem
when set-netting in warm tidal areas where seawater temperatures increase
as the tide goes out. In extreme cases the fish may be exposed to ambient
air temperatures.
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Once formed, histamine concentrations in fish muscles can vary, depending
on a combination of factors including time, elevated temperature and the type
and number of bacteria that are present. Distribution of the toxin within an
individual fish fillet or between cans in a case lot can be uneven, with some
sections of a product causing illness and others not. Neither cooking,
canning, nor freezing will eliminate the toxin.

Although sensory or ‘organoleptic’ evaluations (sight and smell) can provide a
reasonable indication of possible temperature abuse, they can be poor
indicators of the presence of histamine in fish as under some conditions high
concentrations of histamine may occur in fish that appear to be unspoiled.

Chemical testing for histamine is the only reliable test for the hazard in a
product, although bacterial counts can also give a good indication that
temperature abuse is likely to have occurred.

Detection

While sensory evaluation is generally used to screen fish for spoilage, fish
exposed to high temperature spoilage do not always produce the expected
spoilage profile; histamine may form before indicators of spoilage such as
odour and appearance changes are evident. Therefore, sensory examination
alone is an ineffective indicator of the presence of the scombrotoxin
histamine.

While chemical testing is required and is an effective means of detecting the
presence of histamine in fish, the distribution of histamine within a fish and
between fish within a catch can be quite variable. The amount of sampling
required to accommodate such variability is large. For this reason chemical
testing alone will not normally provide adequate assurance that the hazard
has been controlled. Rather, the hazard is better managed through the
adoption of a HACCP plan which restricts the time the product is at
temperatures that allow bacterial growth.

Rapid test kits are available for histamine and a list of suppliers of
commercial test products can be found at
http://seafood.ucdavis.edu/haccp/compendium/Chapt27.htm

Food safety regulations

New Zealand: The Australian New Zealand Food Standards Code — Volume
2, Standard 2.2.3 (Page 22301, September 2002) states “the level of
histamine in fish or fish products must not exceed 200 mg/kg”.

International: The USFDA considers that as histamine levels within a fish
can vary dramatically, two action levels are required. A concentration of
50 mg/kg is considered to be an indicator of decomposition, which suggests
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that histamine concentrations may be higher in other fish or in different parts
of the tested product. A concentration of 200 mg/kg is considered a
hazardous level.

The Codex Alimentarius Standards for fish provide histamine levels as
indicators for:

1. decomposition
2. hygiene and handling
For decomposition, the relevant standards state”:

‘The products shall not contain more than 10 mg/100 g of histamine based on
the average of the sample unit tested. This applies only to species of
Clupeidae, Scrombridae, Scrombresocidae, Pomatomidae and
Coryphaenedae families.’

For hygiene and handling, the relevant standards state:

‘No sample unit shall contain histamine that exceeds 20 mg per 100 g. This
applies only to species of the families Scrombridae, Clupeidae,
Coryphaenidae, Scrombresocidae and Pomatomidae .’

These Codex Standards cover:
(a) quick frozen fish fillets,

(b)  quick frozen blocks of fish fillet, minced fish flesh and mixtures of fillets
and minced fish flesh,

(c) eviscerated and uneviscerated quick frozen finfish,

(d) quick frozen fish sticks (fish fingers), fish portions and fish fillets -
breaded or battered,

(e) canned sardines and sardine type products, and

() canned tuna and bonito.

Control procedures

Control of scombrotoxin formation is dependent on the development of an
effective HACCP plan that incorporates the following elements.

Rapid chilling: Rapid chilling of fish immediately after death is the most
important step in the prevention of scombrotoxin, especially for fish that are
exposed to warmer water or air, or harvested some time after capture.

Rapid chilling to 4°C or less prevents bacterial growth and the formation of
the histidine decarboxylase enzyme. Holding fish on ice (0°C) is required to
prevent the longer term, low temperature development of histamine.

Internationally recognised controls require that for susceptible species:

m  the fish internal temperature be brought to 10°C or less within 6 hours of
death,
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m  the core temperature of the fish be brought to 4°C within 24 hours of
death,

= chilled fish should not be exposed to temperatures above 4°C for more
than 4 hours cumulatively after the initial chilling,

= chilled fish should not be stored for more than 14 days at 0°C or more
than 7 days at 4°C before smoking,

m  frozen fish should not be exposed to temperatures above 4°C for more
than 12 hours cumulatively or 6 hours uninterrupted.

The New Zealand Fishing Industry Agreed Implementation Standards (IAIS
3.6 section 2.2) require that chilled fish are stored and transported at -1 to
+1°C.

The time/temperature regime to which the fish are exposed from capture until
the internal temperature of the fish reaches 4°C or less is dependent on a
number of factors, including the harvest method. In species that are
recognised as being especially at risk of causing scombroid poisoning,
techniques such as long-lining or set netting that can result in the fish
remaining in the water for a long time after death should be avoided,
especially in areas or seasons when the water temperature is high. Care
should also be taken to ensure that the quantity of fish taken, either by long-
line, purse seine or trawl, does not exceed the vessel’s ability to rapidly chill
the product.

Critical Control Points: Within a HACCP plan the following steps are likely
to be identified as critical control points.

1. Receiving:

a. All lots accompanied by documentation that show the fish has been
chilled to 4°C or less with 12 hours of death

b. Sensory examination of incoming fish for signs of decomposition
c. Fish arrive at factory at 4°C or less

d. Histamine concentration of representative fish periodically
determined

2. Processing:
a. Controlling temperature of plant
3. Distribution
a. Setting time/temperature
b. Setting a shelf-life
c. Having adequate traceability and recall procedures

For companies that produce hot smoked or cooked seafood, additional
critical control points will include:

1. Brining

a. Time/temperature control
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2. Hot smoking
a. Time/temperature to eliminate the causative bacteria
3. Packaging

a. Avoiding contamination of the cooked product

Acknowledgements

We gratefully acknowledge the Foundation for Research, Science and
Technology (contract CO2X0209) for funding the preparation of this
information.

A web link for additional information on Hazards and Controls Guidance for
Scombrotoxin is http://www.cfsan.fda.gov/~comm/haccp4g.html.

Guidelines for the safe preparation of hot smoked seafood in New Zealand
are available through this link http://www.crop.cri.nz/psp/seafood-
pathogens/index.htm.

Web links for additional information
on scombrotoxin

US/FDA Bad Bug Book http://www.cfsan.fda.gov/~mow/chap38.html
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